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ABSTRACT

Advanced Energy Management Control Systems (EMGf8)y an excellent means of reducing energy
consumption in Heating, Ventilating and Air Conditing (HVAC) systems while maintaining and
improving indoor environmental conditions. This cha achieved through the use of computational
intelligence and optimization with a building autation system and multiple sensors, which can bequi
expensive. However, energy awareness and prope&dslihg achieve the best opportunities to save
energy with little to no cost for existing faciks. These “low-tech/low-cost” ideas are easily
implemented and quickly reduce utility costs. Thisicle includes actual utility data and informatio
gathered over the past 20 years while performingrggn audits at several K-12 Schools in North
Carolina, discusses well known and documented obstrategies that are rarely implemented in most
school districts and universities and will extragtel savings for an entire school district basedeat
data. These processes can also be integrated mteMLCS to perform several intelligent functions
achieving optimal system performance. This articleuses on control strategies utilizing time-of-day
scheduling that can be used with 7-day programméidemostats, electronic time controllers and a
Building Automation System (BAS). These controllér&l-prog. thermostat, electronic time controller
and BAS) will achieve lower energy consumption whihaintaining occupant comfort by performing
and prioritizing the appropriate actions. Real sgsican be achieved quickly by utilizing these camnm
sense approaches to control existing HVAC and iighsystems in schools.

Keywords: Energy Awareness, Scheduling, Energy ReductionA@¥nd Lighting

1. INTRODUCTION reasons are behind the push towards a reduction in
energy consumption:
The recent global trend shows as fuel costs rise,
improving energy efficiency in buildings is a major ¢ Energy costs
concern for owners and building managers. Severale Government grants
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o Utility rebates consumption which can equate to 35+ billion dolkansl
e Carbon footprint awareness (Greenhouse gasover 100 quadrillion BTU's.

emissions) The Center for Energy Research and Technology,
» LEED certification (C.E.R.T.) located on the campus of North Carolina

A&T State University performs energy audits and
Today electricity is generated mainly from non- assessments for facilities in North Carolina. C.E.R
renewable energy sources and over consumption teads focuses on outreach and extension activities and
faster depletion of the energy reserves on ealticti€ity education relating to renewable energy, energy
is becoming more expensive and generation of aiggtr  €fficiency, alternative fuels and vehicle technasg
from conventional fuels is extremely damaging te th Sustainable green building and the environment.
environment because great quantities of carboniatiox C-E-R-T- is funded through a grant from the NC &tat
and monoxide, sulphur dioxide and other hazardousEnergy Office (NCSEO) and most activities fo_cus on
materials are released into the atmosphere. Reglticin K-12 _Energy awareness, conferenc_es, fairs and
. . . ; expositions, workshops and audits/assessments.
consumption of electricity will prolong the existenof

the natural energy reserves and limit pollution tioé Through the different levels of energy audits, many

. i good investment opportunities have been discovered
atmosphere while at the same time save money.

that can achieve payback Return On Investment (ROI)
A structured approach to energy management can aq jittle as one-month to under two-years, betwil

help to identify and implement the best ways touted o)y focus on the “low-tech/low-cost” strategiesath
energy costs for a facility. Today buildings in t9eS.  should be implemented immediately to start saving
consume 72% of electricity produced and use 55% Ofmoney. “low-cost” signifies that no capital
U.S. natural gas. BUIIdlngS account for about 48%hme expenditures are needed; however, maintenance
energy consumed in the United States (costing $350+employees’ time is required to implement these
billion per year), more than industry and transpiioh.  strategies. Energy costs are the largest operakipgnse
Of this energy, heating and cooling systems useutabo for school districts after salaries and benefitsietica’s
55% (HVAC, Ventilation and Hot Water Heating), whil  schools spend more than $7.5 billion annually cergy
lights and appliances use the other 35% (Architegctu more than they spend on textbooks and computers
2012)Fig. 1 and 2. combined and in recent years those costs have
Projected world marketed energy consumption in theincreasingly strained their budgets (USEPA, 2008).
next 20 years is in the 600+ quadrilion BTU range  An energy audit or assessment is a “snap-shotien t
(Mincer, 2011)Fig. 3. Power usage in buildings is often life of a building that systematically investigates
inefficient with regard to the overall building apéility. methods to advance and optimize a building’s opmrat
The development of building energy savings methodsand maintenance. The process focuses on the energy
and models becomes apparently more necessary for atilized by the building’s mechanical and electrica
sustainable future. equipment such as HVAC, lighting and controls. The
The capacity of the HVAC system is typically objective of an energy audit is to analyze the gyer
designed for the maximum or extreme conditionstfier ~ usage in a facility, while identifying potentialginlems
building. The HVAC system mainly operates in partia and opportunities for energy and cost savings. dJte
load from the design variables such as solar loadsjnformation gathered, the auditor may suggest the
occupancy levels, ambient temperatures, buildind an implementation of pertinent and cost effective kyer
office equipment, lighting loads, etc. These vaddalare  Conservation Measures (ECM) for the building. The
constantly changing throughout the course of the da audit involves obtaining equipment documentatiod an
Deviation from the HVAC system design can result in its operation through a site visit. The facilitggaff and
drastic swings or imbalance since design capadty i operating schedules are interviewed and recordid. |
greater than the actual load in most operating esoes further information is required, systems can be
Without proper HVAC programming control sequences, monitored with data loggers to graphically visualihe
the system can become unstable and the buildinlg wil operation and gain actual data to statisticallyatre
overheat or overcool spaces. Previous researdhingil  informed energy savings decisions. Energy savings
low-tech and low-cost strategies can achieve omagee  approximations are calculated for the important
up to 20% savings in building HVAC energy discoveries where sufficient data was available.
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Commissioning existing buildings can reduce energy 2.1. Building Automation Systems (BAS)

0 - .
costs up t ° 20@'. The payback for investment in éost Building Automation Systems (BAS) are centralized,
opportunities typically ranges from a few monthsvio interlinked networks of hardware and software, Wwhic

years. The energy assessment process involves gonjtor and control the environment in commercial,

coordinated effort between C.E.R.T. and the bugdin industrial and institutional facilities (KMC, 2012)Vhile

operating staff. The standard information colledsed managing various building systems, the automatjstem
ensures the operational performance of the facktywell

« The building’'s age (including any renovations and as the comfort and safety of building occupantsieGaly,

additions) building automation begins with control of Mechahjc
« A description of the typical areas or spaces within Electrical and Plumbing (MEP) systems (KMC, 2012).
the facility Regardless of what type of MEP system exists in a
«  The square footage facility, it can be controlled intelligently, effiessly and
«  The hours of occupancy or building schedule more efficiently with a BAS using typical energy
«  One-year's utility data management strategies are shown below:

e Several photographs that identify equipment and

document the building’s current condition * ) ) )
« Interviews with employees and building operators Avoid conservative scheduling
. Specifications of major electrical, mechanical and ® Night setback

plumbing related equipment (anything that uses® OPtimal start/stop
energy) + Implement an energy awareness program

« Economizers

Energy data and building information collectedtiet * DPemand limiting
field are analyzed to determine the baseline energy SUPP'V air reset
performance of the building. Using spreadsheetdase * Chilled/hot water reset
energy calculations, C.E.R.T. estimates the enargy ° Separate schedules for area or zone usage
cost savings associated with the installation afheaf : Zor_1e temperature sensors
the recommended Energy Conservation Measures Chillerftower optimization

(ECM). The energy assessment or audit report ptesen *  Develop district energy c_:om_petmon (NEED)
the results of these efforts * VAV fan pressure optimization
' +  Systems integration

2 CLASSIFICATION OF ENERGY « Demand Control Ventilation (DCV)

AUDITS OR ASSESSMENTS e Variable flow pump pressure optimization
. . These strategies can be implemented without a
Er_lergy A_naIyS|s, Assessments and A_Ud'ts can beBAS, using thermostats and/or time control time-of-
mentioned interchangeably. As stated in ASHRAE g5y schedulers and a bit of common sense. Typially
(2004) the assessments can require different leskls puijlding’s single largest expense is energy costs.
effort depending on the needs and resources of thaJtilizing a BAS, to monitor and manage your
owner. These classifications are: building’s lighting, HVAC and other systems
automatically and building specific scheduling

«  Preliminary Energy Audit (PEA)-typically a spread Programs will gain control of energy costs.

sheet based report, identifying the top five ECMs The problems ~surrounding building energy
+ Level | energy audit-this report elaborates on the PE'formance arise from the infinite architecturaida
PEA in a basic word document mecha_nlcal building designs _and multiple energy
B . analysis methods and tools available. Energy efiicy
. L(_avel Il energy audit-this is a more detailed repor 5 schieved through properly functioning equipmand
with several ECMs and ROI calculations control systems, whereas problems associated with
 Level Ill or Detailed Energy Audit (DEA)-this is @ puilding controls and operation are the primarysesuof
thorough report, where commissioning of the inefficient energy usage. There is an obvious imiahip
building is sought between energy consumption and control-related

Time of day scheduling
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problems. The most significant problems associatitt overall system operating cost, satisfying therneahfort

energy inefficiency are found to be: of occupants and ensuring indoor air quality. Theease

in energy consumption and demand in the last few
» Software decades encourages the investigation of new metiaods
e Hardware reduce energy losses. The HVAC systems contribute a
«  Equipment maintenance significant share of energy consumed in buildirgss.it is
« Energy management strategies advisable to find methods to reduce the rise offggne
« Human factors consumption in HVAC systems (Homad al., 2012).

While there are numerous effective optimal control

When a BAS is not present, a more “hands-on” Strategies developed, growing concern for energy
approach is necessary. Training and commitment to€fficiency and costs, due to the extremely high hik
control strategies will save money; as long as thePrices and the shortage of energy supply, has evoke
building’s energy use systems are running propeng,  Society and building professionals to pay morenitie
systems can be controlled efficiently. Failure tiiae ~ to overall system optimal control and operation and
available features restricts equipment use, especia Provides incentives to develop the most extensive a
with controls. It is surprising how many schoolesp  fobust supervisory and optimal control methodolsgie
hundreds of thousands or even millions of dollans o for HVAC systems (Wang and Jin, 2000).
control implementation, but fail to use many of the  Over the last two decades or so, efforts have been
features provided by the systems. The site visitd a undertaken to develop supervisory and optimal @intr
school assessments show that most schools are usirjjrategies for building HVAC systems thanks to the
only a small portion of their control capabiliti€here ~ drowing scale of BAS integration and the convengenc

are a number of common human factors that congibut Of collecting large amounts of online operatingaday
to this problem, as shown below: the application of BASs. These energy or cost-gffit

control settings are optimized in order to minimthe
overall system energy input, or operating costhaut
violating the operating constraints of each commbne
and without sacrificing indoor environmental air
quality. One of the main achievable goals of the
effective use of BASs is to improve the building’s
energy efficiency, lowering costs and providingteet
performance (Wang and Ma, 2008).

Energy savings and thermal comfort are important

e Lack of energy conservation awareness from top-
down approach

* Need to please co-workers’ individual comfort level

» Simplicity of “overriding” system parameters

» Lack of fundamental HVAC theory

» Lack of programming knowledge

» Failure to maintain the system

* Fear of change to both facility managers and building occupants.aA
 Lack of training result, new innovations in the field are constantly
e Lack of planning under investigation. Commercial building HVAC
» Insufficient staffing systems consume large quantities of electricity.
«  Fear of internal politics Therefore it is important for facility managerstake

*  Failure to tune the system advantage of lower energy rates. The evolution of

design, operation and maintenance of buildings has

By avoiding obstacles that hinder energy efficiency changed significantly in the past 20 years since th
and following these simple low-tech/no-cost strateg ~ advancement of controls and technology.

school administrators can increase the chancesttat C.ER.T.’s suggested top three low-tech/no-cost
systems they purchase and install will not only ileeir ~ OPPOrtunities to save energy in schools are: Devalu
needs, but also help them lower the utility cogttheir implement an energy awareness program, coordimate a
schools immediately. energy competition similar to National Energy Ediara

Development Project (NEED) and optimize HVAC and
3. LOW-TECH/LOW-COST STRATEGIES  lighting through proper scheduling.

For many years, control has been a very active@frea 3.1 Implement an Energy Awar eness Program

the research and development in the HVAC field iilagm As thoroughly stated in the FEMP’s, A Handbook for
at the operation of HVAC systems in terms of redgci  Federal Energy Managers, an energy awareness progra
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is essential to saving energy in schools. Four keyawards schools based on specific goals that must be
components are: met. Their program is loosely based on the NEED
program and has been in place for the last 3 years.

« Planning-set goals and objectives, recruit, assesd his author received e-mails reporting energy sgsin
communication channels and financial resources andf between 1-30% in 2012 and 1-40% in 2013, from
create data reporting and evaluation measures schools that competed in an energy awareness and

 Design and implementation-solicit input, identify conservation program, as compared to schools in the
behaviors, develop motivational techniques, developdistrict that did not participate.

schedule and produce visual materials 3.3. Utilize Control Scheduling Strategieswith

 Evaluate and report results-obtain feedback on .
evaluations, document the savings and share results BAS, Time Clocksand Thermostats

e Sustainability-develop ways to launch the program, Energy savings and thermal comfort are important to
continue to implement incentives and publicly both facility managers and building occupants. As a
recognize accomplishments and conduct regularresult, new innovations in the field are constanthder
meetings (FEMP, 2007) investigation. Building performance can be improved

with attention to the relationship between design
Research has uncovered that energy savings up twariables and energy performance. Building perforcea

10% can be achieved in a school district simplyptlgh (Fig. 4) can be divided into three categories:

awareness. A large school district in North Camolin

claims that some schools have saved up to 40% whem Thermal performance or thermal loads

comparing a single month to its previous year.* Energy performance or  energy-consuming

(Obviously there are many factors that can infléenc equipment

these figures including outdoor air temperatures,s Environmental performance or indoor
occupancy levels, etc.) Teachers, students, cwastedi environmental factors including thermal comfort,
and administrative staff all generate a new sclspait lighting, air movement, etc

around saving energy by turning off lights, teléms,
computers, printers and monitors, utilizing window Control functions are the basic functions of BASs.
shades and daylighting techniques. There is alsofpr Energy savings can be achieved using several key
that the participants in the program spread theircontrol strategies while operating a rooftop VAV KU
newfound knowledge to the community. system. The four key control strategies are:
3.2. Coordinate Energy Competitions . Optimal start/stop
Energy competitions within a school district are * Fan-pressure optimization
educational and save utility costs. The most reizegh *  Supply-air-temperature reset
national competition is the National Energy Edumati Ventilation optimization
Development Project (NEED). All NEED schools have
outstanding classroom-based programs in which stade The optimal start strategy utilizes a BAS to
learn about energy. This program combines academicalculate the length of time required to bring each
competition with recognition to acknowledge evemon zone to its occupied set-point temperature from its
involved in NEED during the year and to recognizese  current drift temperature. The system will not star
who achieve excellence in energy education in theiruntil the minimum energy use is achieved while
schools and communities. The students and teaskers reaching occupied set-point temperature just inetim
goals and objectives and keep a record of theivides. for occupancy. The optimal stop strategy is shagttin
In April, the students combine their materials into off the system prior to the end of the work day,
scrapbooks and send them to their state coordigatorallowing the temperature to drift from occupied-set
(NEED, 2013). This competition requires reportdb&  point, assuming the building occupants may not mind
submitted with proof of implementing energy a few degree changes prior to leaving the building.
conservation techniques that save money for theDuring optimal stop only cooling and heating are
school and community. A district in North Carolina shut-off, the outdoor air supply fan would contiroe
implemented their own “Energy Challenge” and ventilate the building during occupied hours.
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These strategies and others are thoroughly describe
in Murphy’s article, Using Time-of-Day Scheduling t
Save Energy, published in ASHRAE Journal, May 2009.
Night setback and optimal stop, is the strategyt tha
allows indoor temperature to drift during unoccubie
periods; in other words, the systems are turnedvb#n
nobody is in the schools. Obviously, the systemstrha
set to optimal start, allowing the system timedaah the
desired indoor temperature comfort levels prior to
anyone entering the school. Murphy also mentioms th
fresh outdoor air louvers can be shut during unpiezl
periods to further save energy. If a manual sysiem
Fig. 4. Energy, thermal and environmental performance of installed or the operations department is hesitant

buildings completely turn-off systems at night, then the eyt

can at the very minimum be adjusted a few degrees (

Fan—pre_ssure optimization qtili.zes comr_nunicating 10°F depending on cooling or heating mode) so the
controllers n aVAV_syst_em to optimize the stgiressure HVAC systems don’t work as hard during unoccupied
control function to minimize duct pressure and savergy. periods (evenings and weekends).

Several benefits are achieved with this strategy: Too many schools have extremely conservative

. Reduced supply fan energy use schedules; which means the systems are startegatbo
(6:00 am) and stopped too late (6:00 pm). If stislstart
*  Lower sound levels getting to the classrooms by 7:25 am and the ntgjori
*  Reduced risk of fan surge leave around 2:30 pm, then a schedule should mtineor
*  Flexibility of sensor location occupancy. Why are we conditioning these spacésein
) ) same manner when the building has 500 fewer octspan
_Supply-Air Temperature Reset (SATR) consists of tynically teachers get to their classrooms betwigand
raising the supply-air temperature thus saving 3p minytes prior to the children and leave close:00
compressor and reheat energy. An air-side econonsize pm. The majority of school administration and cdib
beneficial to this strategy because when the outdwas staff are on similar schedules. The building’s HVAC
cooler than the supply air temperature set-poihe t gystems could be turned on at 6:30 am if the teache
compressors are shut off and the outdoor air dza&;nperbegin their day at 7:00 am and turned off at 4:80ifthe
modulate to meet the desired supply-air temperatureigachers tend to leave at 5:00 pm. Large spacsshiols
SATR should minimize energy co_n_sumption considering |ike the cafeteria, gymnasium, media center, ligratage
compressor, reheat, fan and humidity levels. and computer labs are perfect opportunities to fyodi
~ Ventilation optimization involves resetting intake gpecific mechanical and electrical systems. Sewetadol
airflow per occupancy levels. This strategy can be aydits consistently show energy waste in lightingl a
implemented utilizing C@ sensors, occupancy sensors HyAC systems in hallways, stairwells, restrooms and
and time-of-day schedules; this is more commonly gther large spaces. The habits do not change whitthe
known as demand controlled ventilation or DCV. Salve  gydit is performed during the summer months, dutiey
benefits are achieved with this strategy: school day, or in the afternoons when the studeat®
left the building. There is a strange habit of iegv
+ Assures proper ventilation without requiring a £LO cafeteria and gymnasium lights on when they are

sensor in every zone unoccupied. Several schools leave hallway lights on
+ Enables documentation of actual ventilation systemaround the clock. These practices can be costiy faa
performance energy perspective, since the entire school may be

e Uses system-level ventilation reset equations thatoperating to maintain occupied temperature setppint

are explicitly defined in an industry-wide standard  although only a few spaces are occupied (Murphy and

Maldeis, 2009), such as during the summer months

These strategies implemented for rooftop VAV when only the administrative and custodial staff is

systems can achieve about 30% reduced energworking. Schools go from hundreds of occupants to
consumption in buildings (Murphy, 2006). under ten during school breaks.
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Another energy saving strategy is to set the oderri Cafeteria Dining Room and Stage, Classrooms Wing 3,
feature for a 2 h period of time. If a space orezageds  Classrooms Wing 4, Administration and Main Office,
conditioned air during an unoccupied mode and theMedia Center and Library, Classrooms Wing 5, Locker
override is employed, ensure it is not on indediyit Room Water Heater and Kitchen Water Heater.
Therefore, automatically returning the zone to the “School A” had a programmer error that was
unoccupied mode after the 2 h defined time limhisT  identified during the audit where a channel wasagiv
feature goes hand-in-hand with less conservative-ti ON because the event to turn it OFF was accidently
of-day operating schedules. programmed into another channel. As a result, since

Create separate time-of-day operating schedules foR007 the HVAC systems in that zone were always ON,
areas of the school with significantly differentage  but being controlled by manual thermostats. C.E.R.T
patterns. This author has seen a Media Center'ddentified that both schools had an extremely basic
schedule that specifies no classes on Mondays and nprogram with little to no thought process builtarthe
classes until 8:50 am Tuesday-Friday, with nothing scheduler; all zones were turned ON at 6:00 antuaned
after 2:40 pm. This specific media center is ocedpi OFF at 6:00 pm Monday through Friday year round.
roughly 28 h per week when school is in session or“School A” set the same schedule (6:00 am-6:00 fom)
17% of the week it needs MEP equipment running.weekends and “School B” was set to be ON in alleson
Gymnasiums, cafeterias and all specials (music, artfrom 8:00 am-1:00 pm on Saturdays and Sundays. No
etc.) have separate schedules that can save erérgy. polidays, vacations, or teacher workdays were edtirto
admlmstratlon,_teachers and custodians communicateither scheduler. In a school facility, this is stical
with the operations departments per school in &idis 5 mponent when considering energy conservation.
millions of dollars in utility costs can be consedv Simple math shows that scheduling alone makes up
the large discrepancy between the two identical
4. RESULTSFROM ACTUAL ENERGY schools. “School A” had its systems ON for 84 h per

RETROFIT PROJECTS week and “School B” had its systems ON for 70 h per
week, which is a difference of 16.67%. The 5-Year

The tables and figures shown are developed from,yerage school energy comparison between schools
actual utility data recorded during energy audit®orth “A" and “B”. as shown inTable 1 and 2011 School

Carolina. The first example refers to two middlésas Energy Comparison, as shown Trable 2, both show
built in the same district in 2007, with approxielgithe  he gyerage difference in electrical costs rangenfr

same number of students and staff. The schoolibgid $15,000-$17,000 annually (Ave. Cost $0.08/kWh
are identical, however they are in two differentalions  i,cjides Demand Charges and Sales Tax).

with different site orientations and vary in anneakrgy C.E.R.T. reprogrammed both schools to further
consumption between 16-20%. “School A™ is in anrope minimize their energy consumption. We identifiedth
field with direct sunlight with a west-southwessiion and  ihe school day began at 7:30 am and ended aroGod 2:

“School B” is in the shade of a mountain with atbeast pm, with teachers leaving closer to 5:00 pm. Thesesl
position. All classrooms had individual heat pumps gchedule was set for the systems to turn ON at &m5
controlled by manual thermostats in the classrooms. and OFF at 4:30 pm Monday through Friday and OFF
The total electrical energy used by both schools wa ging weekends. (The kitchen, gym and administrati
recorded for five years. *School A’, as showrFig. 58, qfice had different settings.) The school’'s hojidand
follows ‘an unusual annual pattern where the spring,g . mnar schedule were also implemented. In the summe
summer ar_wd fall seasons are relatively flat. “StB3pas months (half of June, all of July and half of Augue
shown inFig. 5b, follows a normal annual pattern where administration zone ;/vas ON for 8 h per day Monday-

more energy is used during cooler weather. C.E.R.T.F id d all oth t at mini g
assumed building orientation had some effect on the”''0@Y @nd all other zones were Set at minimumixEy

pattern, but after modeling both buildings, thefediince ~ OPeration to avoid any unforeseen mold and moisture
in orientation resulted in only a 1-2% energy dfece. issues. It is poss!ble to override all events \mqtine
The schools had two different electrical contrastor Scheduler as required. Both schools are now ortign
program their twelve channel electronic time coiptro €nergy saving schedules and it is estimated that an
time-of-day schedulers. There were 12 channelinget additional 16-20% will be achieved for both schools
the controller and each channel had two eventsafeh ~ annually in addition to the original 16% for Schoa
off). The channels were identified as: Gymnasium, having a different schedule than School “B”, fototal
Classrooms Wing 1, Classrooms Wing 2, Kitchen, annual savings of $30,000 for the district.
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Fig. 5. (a) Total electrical energy for “School A” (b) &btlectrical energy for “School B”

These were the two newest schools in the disttithe@  Reprogramming the electronic time control, timedaft
time of our audits and the only schools we addrksse scheduler required only one hour per school andesin
There were 21 schools in the district and similar C.E.R.T. is a university-based center, we useime for
scheduling efforts could save the district a mimmaf students to gain experience and develop energjecela
$10,000 per school for annual savings over $200,000research; our efforts were free for the district.
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Table 1. 5-Year average school energy comparison

Ave cost “A” Ave cost “B”
Month/Year School “A” kWh (MJ) School “B” kWh (MJ) (508/kWh $0.08/kWh
January 133,560 (480,816) 134,880 (485,568) $108684 $10,790.40
February 146,760 (528,336) 127,920 (460,512) $018 $10,233.60
March 127,620 (459,432) 104,220 (375,192) $10,209.6 $8,337.60
April 107,100 (385,560) 76,200 (274,320) $8,568.00 $6,096.00
May 83,160 (299,376) 79,980 (287,928) $6,652.80 3%H40
June 97,140 (349,704) 73,140 (263,304) $7,771.20 ,858520
July 98,160 (353,376) 52,260 (188,136) $7,852.80 , 18180
August 92,340 (332,424) 68,040 (244,944) $7,387.20 $5,443.20
September 98,640 (355,104) 97,440 (350,784) $72891. $7,795.20
October 102,640 (369,504) 78,000 (280,800) $8,411.2 $6,240.00
November 86,700 (312,120) 77,760 (279,936) $6,986.0 $6,220.80
December 93,240 (335,664) 111,360 (400,896) $72059. $8,908.80
Annual Total 1,267,060 (4,561,416) 1,081,200 (3,82Q) $101,364.80 $86,496.00
Table 2. 2011 school energy comparison
Ave cost “A” Ave cost “B”
Month/Year School “A” KWh (MJ) School “B” kWh (MJ) (B08/kWh $0.08/kWh
January 167,700 (603,720) 164,400 (591,840) $13016 $13,152.00
February 147,000 (529,200) 141,600 (509,760) $01016 $11,328.00
March 126,600 (455,760) 100,800 (362,880) $10,128.0 $8,064.00
April 123,900 (446,040) 77,100 (277,560) $9,912.00 $6,168.00
May 91,800 (330,480) 80,100 (288,360) $7,344.00 438H00
June 107,400 (386,640) 82,500 (297,000) $8,592.00 6,608.00
July 99,900 (359,640) 58,200 (209,520) $7,992.00 658100
August 89,700 (322,920) 92,100 (331,560) $7,176.00 $7,368.00
September 116,400 (419,040) 89,100 (320,760) $90812 $7,128.00
October 102,600 (369,360) 73,200 (263,520) $8,208.0 $5,856.00
November 82,200 (295,920) 77,400 (278,640) $6,%76.0 $6,192.00
December 92,700 (333,720) 85,500 (307,800) $7,416.0 $6,840.00
Annual Total 1,347,900 (4,852,440) 1,122,000 (4,2309) $107,832.00 $89,760.00

One District’s Elementary School EUI Comparison, September, yet the school has 600 fewer occupents f
as shown irFig. 6, has a fluctuating pattern among the mid-June to mid-August. This is a “red-flag” to ege

62 elementary schools in the district. Most schanls

auditors, as efficient school data should reflebtredal

America tend to cluster around the median energy us pattern during summer months. This specific schsol

intensity of approximately 68,700 BTU per squaretfo

obviously not on a summer HVAC and lighting schedul

(ft%) or 780.2 MJ/rh from all energy sources (Energy when fewer than 10 employees are in the building fo
Star Building Upgrade Manual). As notedRig. 6, this two months. During the audit it was discovered thlht
district has an average EUI of 84 kBTU/sf or 953.9 of the lights were on, the school was at a comfibeta
MJ/n?, which exceeds the national average by 20%.72°F for only eight employees limited to two zones-the
Scheduling and awareness could easily bring the EUlcafeteria and the front office. These “bad-habitse
average in line and save this particular district a common in schools and universities and simple
estimated $500,000-$1,000,000 annually in theawareness programs cure these issues. The prirgfipal
elementary schools alone. each school can be required to control energy usage
There is a disturbing trend in the summer months atduring the school breaks as part of their annualsgd®
another elementary school in the district, as shawn local district has implemented a summer energy
Fig. 7, Elementary School Energy Vs. Outside Air management initiative. The plan involves four-day
Temperature (OAT). summer work weeks, as well as a district-wide ¢ffor
The graph shows that the OAT follows a standard minimize energy and water usage. Summer energy
bell-curve, the natural gas usage trends accondiagdl conservation initiatives such as this should bestiped
the electrical usage is almost flat from May to and implemented for all schools nationwide.
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B Elementary school
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5. DISCUSSION educational priorities. Our educational system &hde

setting an example for our community. Obviouslygréh
Developing energy efficiency in schools, colleges are a number of common-sense approaches that can be
and universities can reduce utility bills by 20 46%, applied to save energy, but some require investizett
releasing money in the budgets to be spent onpayback analysis. The best ways to save energthare
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ones that dont cost anything and require some 6. CONCLUSION
responsible thinking:
Developing and implementing an energy awareness

* Inform teachers, professors, staff and students program, coordinating an energy competition and
» Turn of lights when an area is unoccupied optimizing HVAC and lighting through proper
»  Fix dripping faucets scheduling are three low-tech/low-cost strategies t
e Close windows and doors and fix seals save energy in schools. Avoid overly conservative
- Adjust temperature set-points on thermostats scheduling by using night setback, optimal stard an

stop and timed override buttons, use separate adiime-

day schedules for areas with differing usage pagter

and identify “bad-behavior.” These simple stratsgie
help improve this low-tech idea to save energy in
schools without sacrificing student, teacher and
administrative staff's comfort.

* Reduce, reuse and recycle

» Track utility data

* Implement an energy conservation program
e Understand energy consumption

e Mass transit or efficient bussing of students
* Go paperless

* Implement holiday scheduling 7. ACKNOWLEDGMENT
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to reassess their energy utilization. Reducing aarb
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