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Stormwater: Turning Damage into Advantage

Major storms
and resulting
stormwater
run-off have
always had a
dramatic effect
on landscapes
and water
resources, but
in the past
couple of years
the damage has
been even more
evident. While
the damaging
effects of recent
storms are

Once the ground becomes
saturated, temporary mini-
rivers form and feed directly
into local depositories without
the benefit of soil recycle.

there is also the
cumulative damage caused by less violent,
but still driving rains or, in mountainous areas,
snow and glacier melt and the associated
run-off.

Several issues result from stormwater run-off.
In very simple terms, this occurs when the
ground is saturated so that water from pre-
cipitation or melting cannot be absorbed into
the earth. Not only does this prevent natural
groundwater replenishment, but it also picks
up surface debris and drains it into surround-
ing water depositories.

In urban areas, this will generally be a sewer
capture system, or in the case of sea or lake-
side cities, the local water source. Of even
more concern in these areas is stormwater
run-off from impervious surfaces, such as
roads, parking lots, or buildings. In non-urban
areas, run-off will flow into local streams,
reservoirs, and other water systems.
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readily apparent,

The problem with such run-off is that a host of
pollutants and contaminants can be picked up
with the gushing water and make its way into
the local water resources, along with debris,
both natural and man-made. This bypassing of
the natural water recycling cycle means that
water ordinarily absorbed into the ground,
eventually feeding into streams, doesn't have
the benefit of gradual and natural ground filter.

Another issue beyond adding pollutants and
debris to the water is soil erosion. Many cities
and towns have addressed this issue of miti-
gating stormwater damage to protect local
water quality and to combat soil erosion.

A simple Google search of the term “"storm-
water management” will yield a number of
excellent sites for reference.

These are the types of issues that now pres-
ent themselves to facilities managers. Their
role has become much more complex and
involved than in the past when energy use and
environmental concerns were not paramount
in day-to-day operations. The ability to see the
big picture has become essential and creative,
thoughtful solutions are a part of that role.

Milton, Vermont: A Case
Study in Erosion Control
and Water Reclamation

Milton High School had a big problem. The
school had been built in 1969 when it was

a common practice in buildings to drain
rainwater away from a building'’s roof with no
regard for where it ended up, as long as

it drained downward towards the watershed.
At Milton School, this was also the design,
but all the rainwater was also designated to
drain through one common outlet.
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At the same time, the school
was having a problem watering
its playing fields, which were exten-
sive. Buying water from the municipality was
prohibitively expensive. Facilities personnel
examining the roof drainage area noted the
water erosion at that site, as well as the
extensive erosion and debris at the slope
nearby and in the downstream channel. They
thought it might be a good idea to harness the
drainingwater and store it in a tank to irrigate
the playing fields.

Existing Roof Drain Piping,
approx.

Milton High /|
School ]

An aerial view of the project area, noting the single
point of drainage from the school’s roof and the
route of the piping.

The location of the ultimate outlet was a
mystery because over the years it had been
hidden by debris. There was a drainage
manhole in the playing field, but no discern-
ible outlet. They turned to the facility's plans
and determined that, according to the plans,
the roof drain pipe’s route passed through the
manhole area, but still no final outlet could be
found. Exploring the pipe with a video camera
indicated that that there was a separation in
the pipe so the exploration was cut off at the
break. Still no outlet.

To move forward, they set in motion pipe
replacement at the site of the separation and
repair of the badly-eroded slope.

Lyall Smith, then facilities director at the high
school and a BOC graduate (as well as the
photographer for the project pictures used
here), says that in the middle of their attempts

(Continued on page 2.) Stormwater.
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Stormwater (Continued from page 1)

to address the situation, a huge sinkhole ap-
peared right next to one of the playing fields
a good bit away from the roof drain location.
It measured seven feet deep and eleven feet
wide. "When the sinkhole appeared and we
saw the extent of erosion that had occurred,
it became apparent that the problem was
more complex than we'd first thought,”
explains Smith. "The break in the pipe had
been undermining the whole bank.”

E——— The sinkhole kept
expanding had

"We do not have to to be addressed

ini immediately.
buy any mumaf)a/ Since they %ad
water at all. It's a been hoping
totally self-sufficient ~ to capture the
system and, though water for

irrigation

not potable water, is pUIPOSes anyway,
perfect for our field the plan was

revised to include
a more sophisti-
cated capture and
storage system.
Smith notes that,
"The school board
was very forward-thinking in their reaction to
the expense. They could see it was the smart
way to go in the long run.”

irrigation needs.”
- Chris Girard

The district applied for and received a state
grant for their stormwater resources project
from the Agency of Natural Resources which
helped justify the cost, of which the grant
covered about 40 percent.

Using rows of HDPE
piping and a holding
tank, they installed

a system that has a
storage capacity of
74,000 gallons of
water, the majority of
that within the HDPE
piping. Given the size
of the school’s roof,
this represents an
accumulated rainfall
of about 1.5 inches.
Rainwater from the
roof fills the 60-inch
HDPE pipes through
a manifold. 48-inch
pipes are positioned
with their mid-point
at the top of the
60-inch pipes.

Overflow is stored in
a concrete tank and
accessed for field
irrigation with pumps
controlled by an
intelligent automated
system combining
programming and
sensors. Funding also
allowed the construction of a well, also a part
of the control system, for periods of lighter
rainfall. The system is sensitive enough to
recognize if there has been rain and can
override programmed irrigation schedules
down to individual sprinklers at specific fields.
Smith explains, "The sprinkler heads are
addressable, which allows the operator to
target a specific field based on the address

of the heads in that field.”

The system is geared to operate from mid-
spring to mid-fall and, given historic rainfall
data, has the potential to process about 1.2
million gallons, which would be an estimated
100 nights of watering capability. HDPE
piping is comparatively lightweight and

easy to install and expand upon, uses crushed
stone as a base, and has an estimated life
expectancy of 50 years or more.

Chris Giard took over Lyall Smith's job at the
Milton School District after Smith left to take
a position at the Vermont School Boards
Insurance Trust. Giard now oversees the
irrigation system. "When the well was built,

it was almost as if we hit an aquifer, based
on the number of gallons per minute it can
supply,” Giard explains."We do not have to
buy any municipal water at all. It's a totally
self-sufficient system and, though not potable
water, is perfect for our field irrigation needs.”

Slope regarding & stabilization.

So now, not only is the erosion issue
addressed, but the water is being reused
and going through a more natural recycling
process in the ground - a win all the way
around, turning a deficit into an asset. The
state was impressed as well and in 2012,
the stormwater mitigation project garnered
a Governor's Award for Environmental
Excellence.

Another Reason to
Reclaim Water

Water is becoming an ever more precious
commodity. Some parts of the country are
going through the worst periods of drought
they've had in decades. It behooves people to
recognize scarcity of water as a looming real-
ity in many areas unless the issue is addressed
in creative and forward-thinking ways.

Stormwater solutions run the gamut from
rain barrel collection to pervious pavement
to roof gardens. BOC training emphasizes
the importance of building operators

seeing the whole of their facility and the
interdependencies of its systems. In water
use and management, facilities professionals
have yet another area with which to become
conversant because it is all a part of the
whole facility approach to successful and
efficient building operation. @
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Tenacity Brings Results
Washington State Department
of Transportation.

Tom Werda began doing maintenance work
back in 1985 and is now a maintenance
mechanic/technical expert for the Wash-
ington State Department of Transporta-

tion, based in Mount Vernon and covering a
six-county range with 270 buildings at 60
sites. He has been with WADOT since 2000
and took the BOC when the regional division's
management chose the program as training
for its employees.

Werda earned
the BOC Level

I credential in
2008 and went
on to earn level IT
in 2010. One

of his first
post-BOC
efficiency
projects
coincided with

an incentive

to BOC grads
personally, as
well as a rebate
incentive for project implementation costs,
both offered through local utility, Seattle City
Light. "The SCL incentive was $200 for the
first few BOC graduates that completed an
accepted energy project through SCL,” notes
Werda. "T was the first grad to do this and the
WADOT also received close to a 75 percent
rebate for project costs.” The project was in
lighting and lighting controls at the Newhalem
snow camp site and annual savings upon
completion were estimated to be $3,500.
With the rebate (of $8,442), payback for

this project was about a year.

Tom Werda
Maintenance Expert

That was the low-hanging fruit, but Werda
was looking for other saving ideas. It was at
this time he was enlisted to investigate a huge
jump in electricity costs at a field station.
The investigation had been back-burnered
because nothing had seemed to jump out in
initial reviews. Even to Werda, metering and
billing seemed to be in order, but since the
site was within his usual area of operation
and the jump in rate was unusual, he decided
to pursue it further. "BOC enlarged my view.
It motivates me to do things in different
ways and also taught me to look for
anomalies. If something looks or feels
wrong, it probably is,” says Werda.

BOC GRADS

He asked the area superintendent if he could
see the old utility bills. After going through
about six years of records, there it was: the
anomaly. From one bill to the next, the bill had
quadrupled. "T looked to see what might have
been different and found the meter number
had been changed and that the multiplier,
written in ink on the meter, had been entered
incorrectly,” explains Werda. He calculated
that the site had been inadvertently over-
charged over the period, probably by about
$40,000.

Once he determined the problem, he needed to
turn his findings over to the utility for verifica-
tion. But something still nagged at him. He felt
that the problem might be systemic because
of the way the WADQT sites were set up from
a usage perspective — some combined, some
stand-alone (as was the case with the site he'd
researched). They could even be lumped across
different regions so that specifics would be
difficult to isolate solely using the billing data.

Werda explained this to a representative

at local utility Puget Sound Energy and
requested that they investigate the possibility
that other sites may have had the same meter
multiplier error, since they were certainly in a
better position to do so.

The utility's investigation took many months
and Werda was not involved in that process.
Findings proved fruitful for WADOT though,
and the agency received a credit rebate to
the tune of $112,900. As a result of his initial
investigative work, Werda was nominated
for the Extra Mile Award given by the
Washington Productivity Board.

Werda feels very gratified by the results of

his efforts and believes that the BOC training
aided in his research. "It definitely gave me

an appreciation for what facilities people

can contribute. You build knowledge through
getting on that path of doing things differently
and keeping an open mind.”

As with any puzzles to be solved, tenacity,
knowledge, and instincts usually yield results.

Lighting as the Go-to Source
for Savings
Allegiance Health.

Bradly Handshoe began his career as a
healthcare maintenance mechanic over two
decades ago, working in various smaller facilities
and ultimately ending up at Allegiance Health
in Jackson, Michigan. Having been with

Grads Making a Difference

Allegiance for
over 20 years,
the last five as
maintenance
coordinator,
Handshoe first
heard about

the BOC train-
ing from his
manager, a CEM
(certified energy
manager) who
thought it would
be a good fit.

Bradly Handshoe
Maintenance Coordinator

Handshoe completed his training in October
2010 and immediately started to put the
teachings to work at Allegiance, which is
comprised of a 380-bed hospital and numerous
associated medical facilities in the area.

He initially targeted the “low-hanging fruit”

of lighting. The two-level parking garage at
the main hospital center was not only over-
illuminated but also ran 24/7. There were a
total of 232 150-watt HPS (high pressure
sodium) bulbs which he was able to reduce to
195 fixtures, changing from the 150-watt HPS
to 70-watt induction lighting dimmable fix-
tures with an impressive rated life of 100,000
hours. Each fixture now has a motion sensor,
which reduces the bulb to a 28-watt level
(2,400 lumens), increasing back to 70-watt
(5900 lumens) when motion is detected.

The project was done in two phases and after
the initial phase, the utility cost-saving per
month was averaging about $3,300. "We just
completed the second phase and anticipate
that we'll see monthly savings - at just this
one lot - of $6,500, not to mention the
savings in maintenance costs,” Handshoe
explains. Due to a recent change in the load
structure as it pertains to metering, he is not
certain of the exact percentage savings but
estimates that it is between 70-80 percent.

The project was funded with both capital
funds and rebates from local utility Consumers
Energy, which covered about 15 percent of the
total cost. According to Handshoe, payback
time is two-and-a-half years.

Because Allegiance Health is a central hospital
with many associated satellite health facilities
in the area, Handshoe says they will gradu-
ally change out parking lot lighting for more
savings. "We are looking at getting rid of our

(Continued on page 4.) BOC GRADS.
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BOC GRADS (Continued from page 3)

1000-watt metal halides, going to 400-watt
induction lighting, mostly on our main campus
parking lots,” he says. They have also been
upgrading to induction and LED lights, inside
and out at both buildings and parking lots,
wherever possible using lower wattage bulbs.

All the efficiency improvements made over
the last few years have helped earn Allegiance
Health an ENERGY STAR® certification. "Our
former manager, Craig Whipstock, helped us
achieve this goal with the support of a great
maintenance team. More than 95 percent

of the work to get the rating was done by
in-house staff,” explains Handshoe. It is an
ongoing process and Handshoe, along with
his colleagues at Allegiance, continue to seek
out efficiencies.

Training an Asset for Many
Types of Building Professionals
Northeast Wisconsin Technical College.

BOC grad

Amy Kox isn't a
building operator,
but she got a

lot out of BOC.
After obtaining a
master's degree
in architecture
from the Univer-
sity of Wisconsin-
Milwaukee, Kox
began working
with an architec-

Amy Kox

Associate Dean of Energy  tural firm that
and Sustainability was enlisted by

Northeast
Wisconsin Technical College (NWTC) to
consult on the college’s various building
projects from 1999 through 2002. Subse-
quently joining the college in 2003 as the
campus architect/project manager, Kox
has been very involved with both the college’s
curriculum and its energy efficiency efforts.

“T worked in the facilities department and
had the opportunity to complete my BOC
level I certification along with a number

of the facilities mechanics on staff at the
college,” says Kox. The college has 14 facilities
mechanics and five have earned BOC level I
accreditation, with two going on to earn

level II.

“"As an architect taking the course, it really
provided me with a better understanding of
the building system in operation and gave me
a common ground/language that T could use
when working with my colleagues,” states
Kox of her BOC training experience.

BOC GRADS

Kox is an active member of NWTC's Energy
Management Team, which was recognized by
Wisconsin's Focus on Energy as a model for
facilities and education working together. She
explains that the college invested in several
energy improvements starting in 2008 that,
along with establishing new work practices,
has resulted in an energy use decrease of

22 percent, with a projected additional

15 percent reduction by 2018. That would
mean an overall energy-use reduction of
about one-third in ten years.

"Our facilities staff works closely with our
local utility, WPS (Wisconsin Public Service),
and Focus on Energy to ensure that we are
obtaining any rebates available for energy
projects we work on. These incentives have
helped us to narrow the payback time on
many projects. We are also a WPS response
reward customer,” Kox notes. The program
helps its customers avoid higher on-peak
and critical-peak rates by contacting them
when peak rates will kick in, allowing them
to temporarily shut-off non-critical high-use
electrical items.

Also in 2008, Kox began working with NWTC
to "create education programming to prepare
students for careers in energy and conserva-
tion fields.” The result of this collaboration

is the Great Lakes Energy Education (GLEE)
Center at NWTC, where new programs over
the past three years have included classes in
the technologies of energy management, solar
energy, environmental engineering, utilities
engineering, and smart grid.

Now associate dean of energy and
sustainability at the college, Kox explains

the educational process: "Our students
complete hands-on training within our facili-
ties in a partnership between education and
operations.” For example, students in a Green
Building Residential course worked with the
City of Green Bay and non-profit corporation
NeighborWorks to design energy efficient
houses for vacant lots in the Astor Park neigh-
borhood on Green Bay's east side. They are
currently negotiating financing for the project.

In addition to her activities within the college,
Kox is also active in community outreach. She
notes that, "Energy Management students
worked with the Village of Allouez, WPS,
Franklin Energy, and Focus on Energy last
summer in an internship program where the
students completed energy audits on village
buildings. The Village is working on imple-
menting a number of these projects.” [The
Village of Allouez was featured in the sum-
mer/fall 2011 issue of the BOC Bulletin for

its work with the iCanConserve program

sponsored by WPS, Focus on Energy, and the
Citizens Utility Board.]

So while a current tendency in careers is to
specialize, Kox's experience demonstrates the
importance of having a solid understanding
of how building systems work and interact, a
cornerstone concept in BOC training. The big
picture is also essential, a fact of which Amy
Kox is truly aware.

Prospects for energy efficiency in Wisconsin
look quite promising.

Building Efficiency as a
Cooperative Enterprise
Entrepreneur.

Last year's
winter/spring
edition of the
BOC Bulletin
highlighted

the particular
problems Hawaii
encounters in
sourcing its
energy needs.
BOC grad Ryan
Rutenschroer,
interviewed for
the piece, was
then a lead tech-
nician with Hawai'ian Building Maintenance,
the state’s largest facilities management
company. He has since moved on to harness
his energy efficiency skills in a variety of ways.

Ryan Rutenschroer
Entrepreneur

Rutenschroer has a lot of energy and a lot of
ideas. "What T want to be is entrepreneurial,”
he explains. T consider myself a life-long
learner and want to translate what I learn
into new ideas.”

For example, last
spring, he and a
small team from
Honolulu Com-
munity College
were awarded the
2012 Promising
Idea award at the
USDOE's Clean Tech
First Look West
(FLoW) regional
finals competition for an energy-storage
concept he developed, using furniture to host
rechargeable battery systems.

want to translate
what I learn into
new ideas...”

- Ryan Rutenschroer

After finishing BOC training in 2010, Ruten-
schroer decided to go back to school in archi-
tecture at the University of Hawaii as a part
time student. As more and more architects
have had to take building efficiency into their
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design concepts, he says that his fellow stu-
dents see his background in efficiency facilities
management as a real asset. Recognizing this
advantage as aligning with his interests, he

is pursuing his degree as the first student in

a newly structured architectural program in
Construction Management in Architecture.

He is also very active in the US Green Building
Council's Hawaii chapter and serves as chair
of the Existing Buildings 0&M committee.

"T see myself acting as a bridge between
design professionals and operations and
maintenance professionals,” he explains,

“like a conduit for dialog.” People tend to
think that older buildings cannot easily be
made to be efficient. Rutenschroer disagrees,
noting that the core and shell of older build-
ings can be great. "Tt's like seeing the building
as a canvas. If you're doing it right, you can
create an entirely new building.”

Rutenschroer sees all education as continuing,
citing the fact that once you earn a degree

in architecture or engineering, “you still need
continuing ed to maintain your credentials,
just as you do in BOC. We're constantly learn-
ing new things and updating our knowledge
base, learning to do things better.”

Hawaii became the thirteenth state to adopt
CHPS (Collaborative for High Performance
Schools) Criteria. CHPS is a national non-
profit targeted to bringing area-specific,
high performance rating programs to schools
across the country. Each state participating
has to develop energy ratings criteria as it
applies to their local climates. Rutenschroer
served on the advisory committee, helping to
develop the CHPS Criteria Operation Report
Card for the state, and spoke about the
experience, and the challenges presented

by Hawaii's particular climate at the 2012
Pacific Building Trade Expo.

The CHPS involvement led him to working
with kids at the local schools, teaching them
about the environment and energy efficiency.
T am so stoked to be working with kids. They
are so open, notice everything, and are hungry
for knowledge.” He cites on example where
an elementary school class learned about
photovoltaic energy and, as a class project,
they built a workable electric-powered golf
cart using exclusively photovoltaic energy!

So his collaborations continue, from grade
schools to grad schools, to industry peers and
professionals. T have a very positive outlook
on the future and it's partly because of these
kids and their potential. If you get out there as
a passionate advocate in the community, you
make good news happen,” he states.

BOC GRADS

Cold Air Mystery Track Down
Advocate Good Samaritan Hospital.

James Lyons has been with Advocate Good
Samaritan Hospital (GSH) in Downers Grove,
Tllinois, for 15 years, seven as a stationary
engineer. He learned of the BOC training when
embarking on a retro-commissioning project
at the facility and completed his level IT
training in March 2012.

The hospital had a mystery on its hands
though. In March 2006, facilities management
began to receive multiple patient complaints
(in the form of work orders) that rooms

were too cold. "Our first thought was that

the HVAC induction units serving the patient
rooms were not operating properly,” states
Lyons. Since the primary purpose of the units
is to reheat supplied-air, this was a logical
starting place.

The engineering team examined over 30
induction units within the hospital (there

had been over 50 complaints recorded) and
confirmed that they were, indeed, operating
properly. The next step was to determine if
the induction units were getting the right
amount of air. "We noticed that the units were
supplying too much air and also that they had
excessive air pressure,” explains Lyons.

Presented with this puzzle, the team decided
to check out the original paperwork that came
with the induction units. This hunt led to blue-
prints detailing system renovations performed
in December of 2002.

As Lyons describes it, they found that the
renovations included changes made to the
ventilation ducts on the air-handler unit
(AHU). "The supply ducts originally supplied
floors three, four, and five equally. Each floor
required 5750 CFM of air, totaling 17250
CFM of air for the induction units to operate
efficiently in the patient rooms. However, dur-
ing the 2002 renovation, the supply ducts for
the third floor were capped off but no changes
to the AHU were made. This caused an exces-
sive amount of air pressurization to the fourth
and fifth floors of the hospital,” he explains.

The team then set about fixing the pressuriza-
tion issues caused by the 2002 AHU renovation.
After uncapping the third floor supply ducts,
their solution was to replace the AHU's 60-hp
supply motor with a 40-hp premium efficiency
one, along with installation of a variable
frequency drive (VFD). Three differential static
pressure sensors (one per floor) were needed
for varying the speed of the fan as well, which
will allow them to monitor and control the
static pressure of the AHU on the building
automation system (BAS).

"We will also replace the motor and fan
sheaves with direct replacements ensuring

us optimum efficiency. It is also standard
practice at GSH to replace the three 5VX1120
belts with new ones,” says Lyons.

Electricity cost savings for the project are
estimated at $21,600. Labor (done in-house
by the facility department’s engineers and
mechanics) and materials came in at approxi-
mately $9,033, giving the project a payback
of less than half a year.

Tt was a very satisfying project,” Lyons main-
tains, also noting that his BOC training came
in very handy for the calculations required

to help find a solution. "We had such a great
team working on this project, everyone using
their special skills to solve the problem.” So
now, patient complaints of cold rooms are a
thing of the past, all thanks to the team effort
of Joe Kybartas (also a BOC grad), Dave Ott
(who began the investigation), Dave Grana,
Rob Bormann, George Lipner, Nick Yeater,
Tom Lyons, Jim Grana, Joe Amstutz, and
Ryan Smith.

Find Your Inspiration
with BetterBricks
and BOC

Visit BetterBricks.com to find
energy efficient strategies to
implement in and maintain
your building.

Plus, hear BOC graduates and
employers share how BOC
strengthened their careers

and building's operations plans:

o Chris, BOC Level | Certified
betterbricks.com/BOCChris

e Teresa, BOC Level | & Il Certified
betterbricks.com/BOCTeresa

® Don, BOC Supporter
betterbricks.com/BOCDon

[ﬁE BETTERBRICKS

Powerful Energy Ideas. Delivered by NEEA.
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Lakes Region Community
College Awarded Approved
Provider Status by NEEC

Lakes Region Community College (LRCC)
and the Northwest Energy Efficiency Council
(NEEC) are pleased to announce that LRCC
has been granted Approved Provider status
for NEEC's Building Operator Certification
(BOC®) program. This new partnership will
enable both organizations to further benefit
building engineers, technicians, and opera-
tors by awarding the certification to students
enrolled in the College's Energy Services and
Technology (EST) certificate program.

Approved Provider status means that LRCC
reinforces its existing commitment to educat-
ing building and energy management profes-
sionals on the subjects of energy efficient
building operations and maintenance. "We
are confident this partnership between LRCC
and NEEC will contribute to better building
performance and to job preservation in the
facilities management profession,” said Stan
Price, Executive Director of NEEC.

The existing EST program at LRCC prepares
students to utilize knowledge and skills gained
in the areas of energy efficiency, energy
economics, electricity, HVAC, and technical
communications, optimizing the production,
delivery, and use of energy resources. LRCC is
the third institution to join the BOC Approved
Provider roster.

“Participation in the BOC program enables
the College to enhance its EST program,” says
LRCC Academic Affairs VP Tom Goulette.

"The EST program provides students with
the knowledge and skills to participate in the
expanding field of energy efficient operations
and maintenance.” The first Approved
Provider BOC classes at LRCC began in
January of this year.

For more information, or to register in the
BOC program through LRCC, e-mail Andy
Duncan at aduncan@ccsnh.edu, or call
603-524-3207 ext 6629.

Benchmarking -
Yes, It Works!

In October 2012, the EPA announced the find-
ings of an extensive study on building energy
benchmarking. The study surveyed over 35,000
buildings that had used the ENERGY STAR
Portfolio Manager energy-use measurement tool
from 2008 through 2011.

On average, the buildings had a 7 percent energy
savings over the period. Buildings that started
with poor performance obviously achieved
better results, but savings were seen across

the board.

"Improving the energy efficiency of our nation's
buildings is critical to protecting our environment,”
said Jean Lupinacci, Chief of the ENERGY STAR
Commercial & Industrial Branch. "No matter
the building type, organizations across the
country are using EPAs ENERGY STAR Portfolio
Manager to demonstrate that you can't manage
what you don't measure.”

BOC students learn how to benchmark their
building in the BOC 102: Energy Conservation
Techniques. Following the class, they complete
a take-home assign-
ment to benchmark
their own building in
ENERGY STAR
Portfolio Manager.
If you're a BOC grad,
tell us if and how
energy benchmarking
has helped improve
your building's
performance.

Email details to:
news(@theBOC.info
and we can highlight
your results in the
next BOC Bulletin!

Photo: Left to right are LRCC Energy Trainings Manager, Andy Duncan; EST
Department Chair, Carl Daniels; EST Professor, Wes Golomb, and LRCC Vice
President of Academic Affairs, Tom Goulette, pictured in the state-of-the-art
LRCC EST lab. These gentlemen have been instrumental in developing the
relationship between NEEC and LRCC involving the new BOC program.

BOC AROUND THE COUNTRY

NEEC Announces Two
New Partnerships

NEEC is excited to announce two new BOC
partnerships with energy efficiency associa-
tions in the US.

SPEER, the South-central Partnership for
Energy Efficiency as a Resource, is a partner-
ship of energy efficiency industry stakeholders
committed to the accelerated adoption of
advanced building systems and energy
efficiency products and services in the
South-central US (http://eepartnership.org/).
The association will be offering Building
Operator Certification training in Texas

and Oklahoma.

B

The other new agreement is with IBOA, the
International Building Operators Association
(https://internationalbuildingoperators.org/).
IBOA will now be able to provide its members
with BOC's up-to-date training curriculum and
focus on providing its member with training
facilitation and a network of

BOC-trained graduates with

which to exchange efficiency [T E= &~ &
ideas and information. ll BOA

NEEC is very enthusiastic about these new
partnerships, which are a part of the continued
expansion of BOC training throughout the
country.

BOC Featured on NBC

and ABC Affiliates in
Springfield, IL

Midwest Energy Efficiency Alliance's (MEEA)
BOC Veterans Building Operator Certification
Program was highlighted in Springfield,
Tllinois ABC and NBC affiliate's news
segments. Each segment gives an overview
of the BOC program and how it helps
returning veterans, including an interview
with a recent graduate of the program.
Watch the Building Operator Certification
for Military Veterans news segment and
more on MEEA's YouTube page at
http://youtu.be/8YbsKfl2mjM

GREENJOBS
TRAINING
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BOC Instructor Authors
Buildings Reference Book

Long-time BOC instructor and National Advisory
Committee member, Ray Congdon, has just
published a new book for facilities professionals,
developed with BOMA's Lisa Prats, entitled
Building Systems Desk Reference: The Property
Professional's Guide to Building Systems
Maintenance.

Written in layman's terms, the book covers
the wide range of building systems: HVAC,
electrical, plumbing, safety. Also highlighted
are sections on preventative maintenance and
energy conservation. With more than 600
illustrations and explanation of more than
500 building system-related terms, the book
is an essential reference for any facilities
management professional.

Copies can be purchased at the Building
Owners and Managers Association (BOMA)
International web site: http://store.boma.
org/products. As a special to BOC graduates,
the book can be purchased at the discounted
BOMA membership rate by calling 1-800-426-
6292 and using discount code BSDRD.

Ray Congdon's

; Building Systems

L | Desk Reference:
The Property
Professional’s Guide
to Building Systems
Maintenance.

Call for Feedback
and Projects!

Our publication aims to highlight new tech-
nologies, relate success stories of graduates
and get the word out about new ideas in the
facilities management industry. We are open
to suggestions: What would you like to read
about?

All readers are encouraged to submit their
thoughts on content they would like to see,
technologies that spark their interest on which
they'd like more information, or their own
personnel successes as energy-efficient
facilities personnel

Please, submit your ideas to email address:
news@theBOC.info. You can also submit
your own successful project story at the BOC
web site (www.theBOC.info) under the "For
Graduates” section. We'd love to hear from you.

National Conferences &
Symposiums 2012-2013

International Summit on Health
Facility Planning, Design &
Construction

San Francisco, California

February 24-27, 2013

More info: www.ashe.org/PDC/

NFMT (National Facilities
Management & Technology)
Conference/Expo Baltimore

The Baltimore Convention Center
Baltimore, Maryland
March 12-14, 2013

More info: www.nfmt.com

Association of Energy Engineers (AEE)
Conferences & Technology Expos

Globalcon 2013
Philadelphia, Pennsylvania
March 6-7, 2013

West Coast Energy Management
Congress (EMC)

Las Vegas, Nevada

June 19-20, 2013

More info: www.aeecenter.org/Shows/

IFMA Facility Fusion 2013
Conference & Expo

Los Angeles, California

April 2-4, 2013

More info: www.ifma.org

National School Plant Management
Association Annual Conference

San Antonio, Texas

April 27-30, 2013

More info: www.nspma.org

BOMA 2013 International Every
Building Conference & Expo

San Diego, California

June 23-25, 2013

More info: www.boma.org

American Society for Healthcare
Engineering (ASHE)
50th Annual Conference

Atlanta, Georgia
July 21-24, 2013

More info: www.ashe.org/annual

Association of Physical Plant
Administrators (APPA) National
Conference & Expo

Minneapolis, Minnesota
August 2-4, 2013

More info: www.appa.org

Building Operating Management's
NFMT Vegas 2013

Las Vegas, Nevada
September 17-18, 2013

More info: www.nfmt.com/vegas/

Labs 21 2012 Conference

Minneapolis, Minnesota
September 24-26, 2013

More info: www.i2sl.org

IFMA World Workplace 2013

Philadelphia, Pennsylvania
October 2-4, 2013

More info: www.ifma.org/events

GreenBuild International
Conference & Expo

Philadelphia, Pennsylvania
November 20-22, 2013

More info: www.greenbuildexpo.org

REBATES
FOR
ENERGY
EFFICIENCY

1-800-562-1482

PSE.COM/FORYOURBUSINESS

=
o
-
-

PUGET
SOUND
ENERGY
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Finding Hidden Energy Waste with Data Loggers

Data loggers are small yet robust measure-
ment and recording devices that can save
companies significant energy costs. The
first step to reducing costs is identifying
energy waste. Statistics on utility bills or
name plates on equipment, while useful,
are not enough to identify what practices
and equipment are contributing to high
energy use.

It is often not necessary to invest in perma-
nent metering. Simple, temporary devices,
such as HOBO® data loggers, can be used
to obtain critical information at a fraction
of the cost. More expensive metering can
be added later if analysis justifies the value
of a permanent monitoring system.

Information collected by data loggers can
support proposed changes. Buying new
energy-saving equipment requires capital, and
changing operating schedules requires adjust-
ments. Furthermore, the savings calculated
through analysis of collected data typically
justifies these projects.

In addition, with data loggers and a com-
prehensive understanding of how your utility
company charges for energy, your facility can
reduce peak demand charges. You can also
evaluate the efficiency of air compressors in
your facility, which are among the most
common causes of energy waste.

This best practices guide describes the data
logging equipment you need to obtain infor-
mation on energy consumption and environ-
mental conditions in commercial buildings.
It covers eight common forms of energy
waste, and provides an overview of how to
gather and analyze data and calculate
savings for each opportunity.

Energy Waste #1
Improper Air Compressor Control

Compressing air is a very inefficient way to
deliver energy throughout a facility. Less than
10 percent of the input energy ever does use-
ful work, and 70 percent of the input energy is
converted to heat at the compressor. However,
compressed air is very common in factories
because it serves many useful purposes.

One important aspect of the compressed
air system is compressor control. When the

By Paul H. Stiller

system includes more than one air compressor,
it is very important to understand how the
machines share the load. Air demand in the
plant almost never matches the rated output
of all machines, so one or more machines run
at part load (less than 100 percent output).

Partially-loaded compressors are not as
efficient as fully-loaded machines.

The correct way to control the machines is

to base-load all except one machine which is
designated as the “swing machine.” The swing
machine controls maintain system pressure
by changing the output of the compressor as
needed. All other machines are operated with
constant output at their maximum efficiency
point, or are idle if not needed to meet the load.

Data loggers are used to verify proper
machine loading as follows:

1. Install a data logger and current transducer
on one phase of each compressor and
record load current for one week using
a sample interval of 1 minute.

2. Calculate compressor input power at each
1-minute interval assuming nominal voltage
and 86 percent power factor using the
expression (Input Power [kW] =1.732 x
nominal line voltage x line current x 0.86 /
1000). A spreadsheet program is helpful.

3. Graph input power for all machines on one
graph and verify that only one machine at
a time operates at partial load. Contact a
qualified compressor control vendor to
correct the situation if more than one
machine is partially loaded.

Other important observations - study your
compressor input power profiles and consider:

1. What does it cost you to operate the
air compressors for a year?

2. Does compressed air usage follow
production activity?

3. How much energy (and money) is
wasted on compressed air when the
facility is idle?

4. How much of the compressor output
do you think is leakage in the distribution

piping?

Energy Waste #2
Inadequate (Compressed Air)
Receiver Volume

Increasing compressed air operating pressure
dramatically increases cost. It takes more en-
ergy for the compressor to supply the higher
pressure, and flow to unregulated loads/leaks
is increased. An increase of just 10 psi will
increase operating cost by 5-8 percent.

Most industrial compressed air systems
should be operated below 100 psig. However,
pressure is often increased by operators in
small increments over time and pressures of
125 - 130 psig are common. Many operators
try raising pressure to resolve equipment
issues that seem to be related to air pressure.
Pressure is rarely reduced, even when the
ultimate cause of the problem is found to be
unrelated to pressure.

Before increasing pressure above 100 psig, it
is essential to record and study air pressure
profiles. It is likely that changes to distribution
piping or the addition of receiver volume will
resolve the problem without an increase in
pressure and cost.

Adjusting the pressure should only be consid-
ered after pressure profiles are recorded and
analyzed as follows:

1. Install a data logger and pressure transducer
near the compressor and record pressure
for one week using a sample interval of
15 seconds. In a similar fashion, install a
second data logger and transducer at a
location far from the compressors.

BUILDING OPERATOR CERTIFICATION NEWSLETTER
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2. Look for momentary drops in pressure
that last less than one minute. If such
events are recorded, make sure you have
at least 3 gallons of receiver capacity for
each cfm of air flow (see note below).
Additional capacity should be added
if necessary. Once these momentary
pressure drops are eliminated, the overall
operating pressure can be reduced.

3. Also, compare the data from the two
loggers to determine the pressure drop
from source to use of air. A drop of more
than 10 psig indicates the distribution
piping should be evaluated for proper
size and condition.

Operating cost will be reduced by 5-8
percent for each 10 psi in operating pressure
reduction.

Note: Air flow [cfm] can be estimated
using data loggers to measure com-
pressor line current and the following
formula:

Air Flow Rate [cfm] = 4 x 1.732 x nominal
line voltage x line current x 0.86 / 746

Energy Waste #3
Excessive Peak Energy Use

Imagine driving an automobile from New
York to Seattle without a working speedom-
eter. Three weeks after arriving in Seattle,
you receive several speeding tickets and a
$1,000-fine for exceeding the limit in Towa,
South Dakota, and Wyoming. The value of
real-time speed indication is obvious; you
may have been able to avoid the violations,
or at least would be aware of when and
where they occurred. The same is true of
commercial and industrial electric loads.

Most commercial and industrial electric
rates include energy charges [¢/kWh] and
peak power (demand) charges [$/kW].
Many users do not know when the peak usage
occurred, or what electric loads contributed
to the peak. Average electric load [kW],
recorded every 15 minutes, is very useful in
reducing peak power (demand) charges.

Data loggers are used to obtain load profiles
as follows:

1 Install a data logger and current transducer
on one phase of the electric mains for the
facility and set the sampling interval to 1
minute. If the service exceeds 600 amps
(maximum size CT available) and there
are multiple conductors per phase, place
the transducer around one of the conduc-
tors and assume current is identical in all
conductors.

2. Calculate and average power over a
15-minute interval assuming nominal
voltage and 90 percent power factor using
the expression (Power [kW] = 1732 x
nominal line voltage x line current x 090 /
1000). A spreadsheet program is helpful.

3. Study the profile and look for significant
peaks in energy usage, as in the example
given below.

400

the following expression to calculate hourly
electric energy input:

Input Energy [kWh] =1.732 x nominal
line voltage x average load current
[amperes] x 0.86 / 1000

Using a spreadsheet and the average unit
cost of electricity [$/kWh], estimate average
hourly operating cost [$/hour].
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In this example, a small grocery store had a
peak load of 359 kW at 8:00am every morn-
ing caused by simultaneous defrosting of all
freezers (blue line). The black line shows the
resulting load profile one week later, after the
timers where offset to avoid the peak load.
Billing demand was reduced from 359 kW to
302 kW, resulting in annual savings of almost
$10,000.

Energy Waste #4
Not Taking Advantage of "Free Cooling”

Many facilities operate chillers to provide
water at 40°F to 50°F for manufacturing
processes and space cooling. This requires
refrigeration compressors, evaporators,
condensers, cooling towers, pumps, and other
equipment. The main energy consumer is the
refrigeration compressor.

During certain times of the year, it is possible
to provide the required chilled water without
using the compressor when low outside
temperature and/or humidity allow direct
rejection of the heat to the environment. This
is called “free cooling” and many facilities

fail to take advantage of this opportunity to
reduce cooling energy by 75 percent.

Free cooling requires capital equipment such
as heat exchangers and controls. However, the
savings often justifies the investment.

Estimate the potential savings by first record-
ing load current on one phase of each chiller
compressor every minute for a week. Use

14:00 15:00 18:00 20:00 22:00 00:00

Next, refer to weather data and determine
how many hours per year the outside tem-
perature is below 46°F. This is the number
of hours that free cooling may be practical.
Estimate the annual value of free cooling by
multiplying the hourly operating cost by this
number of hours and then by 0.75.

The remainder of this article can be

found by going to the BOC website:
www.theBOC.info, and checking out the
online version of this BOC Bulletin. A link
will be provided. You can earn one hour of
credit towards your BOC renewal by taking
a quiz based on the material, which can
also be found at the BOC website.

This article is printed with permission
from ONSET and is a white paper from
their website at www.onsetcomp.com.
Onset is a leading supplier of data loggers
and is based in Cape Cod, Massachusetts.

About the Author

Paul H. Stiller is the Director of Energy
Management at Summit Energy Services.

A professional engineer and certified energy
managetr, Stiller has 34 years of energy
management experience and has assisted
hundreds of facilities in North America and
Europe in becoming more energy-efficient.
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BOC Launch Event in
Philadelphia

At the invitation of the National Sustainable
Structures Center (NSSC) and the Energy
Efficient Buildings Hub, on January 30th, the
Northwest Energy Efficiency Council (NEEC)
recently presented at an informational meeting
and networking lunch on the national BOC®
program. NSSC will launch this nationally
recoghized professional development program
for building operators in the greater Philadel-
phia region beginning in March 2013.

The well-attended meeting provided information
about the BOC credential, training, enroliment,
and certification requirements, as well as a
technical session on new lighting technology, a
panel presentation on utility energy efficiency
programs for commercial building owners, and
a networking lunch. We look forward to the
upcoming series as we add Pennsylvania to
our growing list of BOC participant areas!

New to BOC?

Listen to a FREE Informational
BOC Webcast:

BOC® Informational Webcasts are

for newcomers to the program. Learn
about Level I and Level IT course topics,
schedules and certification requirements
in detail. Listen in and find out who
benefits by attending BOC training

and how graduates are improving their
facilities.

Informational webcasts last approximately
one hour, starting at:

8:30AM - 9:30AM (PST)

9:30AM - 10:30AM (MST)
10:30AM - 11:30AM (CST)
11:30AM - 12:30PM (EST)

Informational webcasts last approxi-
mately one hour, starting at 8:30 AM
(PST), 9:30 AM, (MST), 10:30 AM (CST)
and 11:30 AM (EST). The next live
broadcasts are scheduled for February 7
and March 6 and more will be scheduled
throughout the year (see the BOC
website for new dates). Please note

that pre-recorded webcasts can be
downloaded from the BOC website 24/7.

To sign up go to:
www.theBOC.info

e
p— S
Check out BOC's Technical
Webinar Series!

The BOC web site (www.theBOC.info) offers
webinars, both live and prerecorded (available
for viewing at your convenience). Register

and receive a link, with log-in and password
information. Successful completion of each
webinar and its accompanying quiz earns

you 1.5 continuing education hours towards
maintaining your BOC certification. Last year's
prerecorded webinars available include:

e Condensing Boilers

e Ground Source Heat Pumps

e Heat Recovery Chillers

¢ Energy Savings through Recovery

The LIVE webinars offered in 2013 will be
held from 11 AM to noon Pacific Standard
Time. These include:

Wednesday, February 13th

Using Data Loggers to Get
Building Information

Wednesday, March 13th

Organizing and Interpreting
Data from a Logger

Wednesday, July 17th

Building Automation System
Screen Checks

Wednesday, September 18th

Measuring and Controlling
Plug Loads

Information on fees and registration is
available at the BOC web site as above.

A link to the webinar details can be accessed
on the home page.

BOC TRAINING, ANNOUNCEMENTS & CONTINUING EDUCATION

BOC Certification Renewal

To maintain BOC certification, graduates must
accumulate continuing education (CE) hours
each year following a full calendar year after
their graduation. Level I renewal requires five
CE hours each year and Level IT requires ten.
For renewal at both levels, a total of 15 hours
is needed. Hours may be earned as follows:

¢ Continued employment in building
operations................2hours / year

 Continuing education in building
operations..... Actual hours of classroom time

 Energy efficiency projects completed at
your facility .................Up to 11 hours / year

¢ Membership in a building operations
membership association....... I hour / year

« Offices held in membership
associations...................2 hours / year

¢ Awards received for efficient building
operations ...............2 hours / award

¢ BOC newsletter tech article quiz - (see
page 3 for details)...... I hour / passed quiz

¢ Completion of an energy consumption
benchmark for the previous 12 month
petiod using ENERGY STAR" Portfolio
Manager or alternative energy
accounting tool.................. 3 hours / year

¢ Enroll in a BOC webinar and complete
its quiz (see webinar announcement on
first column this page) 1.5 hours / passed quiz

You will be notified by mail when your certifica-
tion is up for renewal (expiration date appears
on your wallet card). Once you have received a
renewal notice, complete the application form
and return it to your program administrator as
instructed. Renewal fees are $55 for each level.
If you would like to renew for both level I and
level I1, there is a combined rate of $85.

Please note that if your request for renewal is
received after the March 31, 2013 deadline,
there will be an additional fee of $25. Those
received after June 30, 2013 will be charged an
additional $50 late fee. Late renewal will require
an extension form that can be found on the

BOC web site (www.theBOC.info) under the
“For Graduates” section.

BUILDING OPERATOR CERTIFICATION NEWSLETTER
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Find A BOC Training
In Your Area

There are currently over 10,000 BOC
graduates throughout the country and that
number will continue to grow because the
need for educated facilities operations &
maintenance personnel is stronger than ever.
BOC training is offered in 27 states and that
number continues to grow as well.

BOC Level I Certification

The Level T series comprises 74 hours of training
and project work in building systems mainte-
nance. In fall of 2012, updated curriculum that
had been developed was made available in select
locations. This curriculum is now widely available
for 2013.

BOC Level II Certification

Level IT has 61 hours of training and project
work in equipment troubleshooting and main-
tenance. Courses include four core classes and
two supplemental classes. The four core classes
include: Preventive Maintenance & Troubleshoot-
ing Principles, Advanced Electrical Diagnostics,
HVAC Troubleshooting & Maintenance, HVAC
Controls and Optimization. See the website for
supplemental class topics.

To find and register for a Level I or Level IT
training in your area, please visit the BOC
website at www.theBOC.info.

Training is available from Maine to California -
and now, even Hawaii!

@B BOC STATES

BOC Graduate Numbers
Continue to Grow!

As BOC expands across the country, the
number of graduates grows as well, with over
10,000 nationwide. Graduates from this year
and last hail from Idaho to Rhode Island, from
Minnesota to Hawaii, and represent companies
in education, government, manufacturing,
health care and beyond - just about every
sector you can name. Also added to the list

of states now participating in BOC are New
Mexico, South Carolina, and Texas.

Continuing Education Opportunities for Certification

Renewal Credit

Below you will find listings for the web sites of various national organizations that offer
continuing education courses that are applicable to annual BOC certification renewal.
Check out the Education, Professional Development and Events Calendars at these sites.

APPA:

The Association of Physical Plant
Administrators
WWwWw.appa.org

BOC: Building Operator
Certification

Live and recorded seminars
www.theBOC.info/m-live-webinars.html

BOMA:
Building Owners & Managers Association
www.boma.org/TrainingAndEducation/BEEP/

BOMI:
Building Owners & Managers Institute
www.bomi-edu.org

ENERGY STAR":

Live web conferences, pre-recorded train-
ings, self-guided presentations
www.energystar.gov/index.cfm?c=business.bus
internet_presentations

FEMP:

Federal Energy Management Program
Workshops & Conferences
WWww.eere.energy.gov/

GreenBuild:

US Green Building Council
www.usghc.org

HVACR Education:
On-Line Learning for the HVACR Industry
www.hvacreducation.net/

IFMA:

International Facility Management
Association

www.ifma.org

The International Facility Management
Association has several regional chapters,

all of which can be accessed from the associa-
tion's main web site address as above. Be sure
to check out the site for the variety of learning
options available, both online and via seminar.

PNNL:
Pacific Northwest National Laboratory
http://retuningtraining.labworks.org/training/Ims/

This interactive online class, Building
Re-tuning, enables you to learn the initial
steps involved in re-tuning a building
controlled with a building automation system
(BAS). Interactive exercises are included

to provide you “hands-on” practice of the
re-tuning process within a virtual building.
Training takes about six hours to complete
but does not have to be done in one sitting,
and entitles you to six hours of CE credit.

Utility Energy Training Centers:

www.dsireusa.org

Your local utilities may offer energy education
events and their sites are sources for training
opportunities as well. Regional industry
associations also offer a number of options
for further education. The link brings you to

a database of state incentives for renewables
and efficiencies.

Certification Renewal Reminder!

For those BOC graduates whose certification expired January 1, 2013,
the renewal process has begun. During the first week of January 2013,
NEEC sent renewal application notices via email and US mail to all
eligible graduates. The deadline for 2013 renewal is March 31, 2013.
You will need Continuing Education hours to renew your level of

certification so don't wait too long! See page ten for
details of renewal requirements for both

Levels I and IT.
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Partners in the BOC program include: Energy Training Foundation (South Africa), Gwinnett Technical College, International Building Operators
Association, Midwest Energy Efficiency Alliance, New York State Energy Research & Development Authority, North Carolina Community College
System, Northwest Energy Education Institute, Northwest Energy Efficiency Council, Sacramento Municipal Utility District, Santa Fe Community
College, South Carolina Community College System, SPEER - South-Central Partnership for Energy Efficiency as a Resource, University of Hawaii —
Maui College, and Wisconsin Focus on Energy.

Thank you to these sponsors of the Building Operator Certification across the country:

AB Tech + Alliant Energy Corporation * Ameren Illinois » Ameren UE « American Electric Power - Ohio « Applied Energy Group * Atlanta Gas Light « Avista Utilities » Bay State Gas * Berkshire Gas * Black Hills Energy « Cape
Light Compact * Cedar Falls Utilities « City Utilities of Springfield « Columbia Water & Light « ComEd « Consumers Energy « DTE Energy « Efficiency Maine « Efficiency Vermont « Empire District Electric Company * Energy
Trust of Oregon * Focus on Energy, in partnership with participating Wisconsin utilities « Georgia Environmental Finance Authority (GEFA)  Heartland Community College * Illinois Department of Commerce & Economic
Opportunity (DCEO) « Iowa Energy Center * Kansas City Power & Light Company + Kansas Electric Cooperatives « Kansas Energy Division of the Kansas Corporation Commission « Kansas Municipal Utilities « KeySpan «
Laclede Gas Company * Land of Lincoln Workforce Alliance * Lincoln Land Community College * Long Island Power Authority « Michigan Economic Development Corporation-Michigan Energy Office « M.C Dean, Inc. « Mid
American Energy Company « Midwest Energy « Minnesota Department of Commerce * Minnesota Energy Resources « Minnesota Power « Missouri Department of Natural Resources « National Grid * Nicor Gas * Northwest
Energy Efficiency Alliance « NSTAR « North Carolina State Energy Office * North Shore Gas * Ohio Department of Development, Office of Energy Efficiency « Ohio Public Facilities Maintenance Association « Otter Tail Power
Company * Pacific Gas & Electric Company * Pacific Power « Peoples Gas * Progress Energy * Puget Sound Energy * San Diego Gas & Electric * Seattle City Light « Snohomish County PUD * Southern California Edison « South-
ern California Gas * Southern Minnesota Municipal Power Agency  Tacoma Power « U.S. Dept. of Energy, Federal Energy Management Program < Unitil « Washington State Dept of Enterprise Services « Washington State
General Administration « Waste Reduction Partners « Westar Energy « Western Massachusetts Electric Company « Wilbur Wright College
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