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Abstract

Over the past few years, state governmantsentiies have become concerned with
energy consumption and efficienaytheir facilities. The Departnmé of Energy has become
increasingly involved in energy code enforcemant has established initiatives to help states
monitor and improve energgonsumption.In order to reduce energy consumption and increase
building efficiency, facilities must be compared to a baseline building and changes made
accordingly. Thethesisobjectives are testaltish a processhat all states and stafiended
facilities can follow that determines the baselasablish an energy auditing procedure, and
recommend monitoring techniquels addition, this repodocuments procedureleveloped to
makerecommendations for improvements asdectbuilding and equipmentpgrades basezhd
return on investmerdalculations The procedures and processes established are designed so that
any employee, especially n@mgineerscanaccomplishchanges that will improve facility
energy efficiency.

In order to develogimplified energy auditingroceduregor large and disperdge
organizationsa literature review gbrevalent energy codes and standardsasrduded, as well
as documents outlining energy audit procedures. An energy audit workbthokng a
simplified auditing procedure was created. BROT facilities were auditedsing the
procedureas part of the case study. The audit results tereused to determine practical
economic calculations and determine viable improventeatseduce energy consumptio

As a result of this research and case studynalified energy audit procedure was
created. Thiprocedure was developediteludeselecing a baseline of requirements,
conductingan energy audit, and selex) viable mprovements using economicAll of these
procedures are able to be executed by any state employee, specifically those at the facilities who

may not be engineers.



Table of Contents

LISE Of FIQUIES....coeieieeiieii et eeenes s e e e e e e e e e e eeeeeesssinnneeeeeeeeeeesssssssnnnnnnnse V)
S 00 = 1 =P iX
F o L0111 =T o =T 1= o | X Xii
(D] =To [Tox= 11 o] o PR USSP Xiii
Chapter I INTrOQUCTION........coo it eeee bbbt eeeea bbb e e e et e e e e e e emer e e e e e e e eeeaas 1
Chapter 2 Selection of Minimum Acceptable Requirements for Energy Design/Operatiof3s
D= T T o T =L aT=T 0 )Y O o o =SS 3
AcceptedENergy COUES.........uuiiiiiiiiiiiii s ceceie e e e e e e s e enssnmmmrennn e e
Chapter 3 Minimum Construction and Operational Requirements for New Facilities and
T 101V 11 [0 3OS 9
ASHRAE Standard 90:2010.........ccuiiieiiiiiiiiiieeeeee e eeiiiiee e e e s sibeeeenssseeeesessnnseeeeeeeeensennns 9
Energy Star CertifiCation..............uiiiiiiiiiiiis e e e et e e e e e aneneeeene 13
Chapter 4 ENErgy AUITS.......cccoiiiiiiiiiiiiie e ieeeiieee et e e e e eeeme e et e e e e e e e e e e e e e e s s ammme e e e e e 15
ENnergy AUdItS PrOCEUUIE.........coieiiiiiiieieee et erea e e e e e e e e e e e e e e e e s s s e e eas 15
Comparing Energyudit Results to the Minimum Construction and Operational
1o (U1 =T 0 LT 1SS 17
Chapter 5 Selecting Changes and IMProvemMeNIS............uiiiiiiiiieemeeceiiiie e eeeee 18
[=Tod0] g 0] 4 o1 [o3@F= 1 (ol ¥ ] F=1 i o] LSS 18
Chapter 6 Improving Energy Efficiency is a Continual Process...............uuuvvvviccreeeeennnnns 22
Chapter 7 Kansas Department of Trggmtation Case Study............coeevvvvevvviicceeeeeeeenninnnns 24
Case Study INTrOAUCTION.........coiiiiii e eee e e e et e e ameeeeeeeeee 24
Kansas Department of Transportation Facility AUditS...............uuveeiicccieeeeeiiiiiiinnn 25
N (] £ ) o PP 26
BeIIRVIIIE ...t a s 27
RUSSEILL ..ottt e e e e e e e e e e e anan 29
=0 o) o | R 30
0= 0 1= o PP 32
B 1< 10 00 PP UP PP 33
Individual Building SUMMEATTES.........uuuiiiiiiiiee e ereee e e e e e e eeeeeeeeen 37



YN (o 4 1Yo ] FE TP RUTTRR 38

BeIIEVIIIE ... e 44
RUSSEILL ..ottt e e e e e e e e e e e e mmne e e e e e e e b e aes 50
ARBIMONT ... ettt ettt bbb 54
6= 1 1 1T o PSSR SPPPP 56
L1 10 = PP PPTPP 60
Common Energy CONSUMPLION ISSUBS.........uuuuuuuiiiisieeeeerriiianseaeeeeeeeeessmemsassseaaeaaaaaessd 63
Specific Recommendations for All KDOT FacCilitieS..........c.coeeiiiiiiiieemreiiiice e 64
ECONOMIC CalCUIALIONS......ceeeiiiiiiiiiiie sttt e e e e e e e eenes s s s e e e e e e e e e e e eeeeeeeeesinnneeeeeeees] 67
Case StUAY CONCIUSION........coiiieiiiii e e e eeenseebeeeees 72

(@ gF=T o] (=] gt s 2K @0 1o [1 1S3 (o o USRS 74
RETEIENCES. ... e e e e e eeen e e e e e e e e e e e e e e e eeesananas 77
Appendix A- Audit Procedure and DOCUMEINLS. ..........uuuuiiiiiiiiiieeeiiiiieiieee e e e 81
Appendix B- KDOT AUdIt INFOIMALION. ......eeiiiiiiiiiiiiie e 105
APPENIX C- CalCUIALIONS........ccciiiiiieeeeee e e e e e e e e e e e e e aneeraeaeas 273
AppPeNndix D- COPYIIGNL.......oooi e e e ——————— 291



List of Figures

Figure 2.1 Status of Commercial Energy Code Adoptian..............uuevvviiccceeeeeiiiiiiiiiinneennn 6
Figure 3.1 ASHRAEClimate Zones for the Continental United States...........cccccccovvvieneee. 12
Figure 5.1 Calculations for Net Present Costs and Return on Investmenis.................... 20
Figure 7.1 Map of Selected KDOT FaCIlitieS.........cccooviiiiiiiiiieeen e eeeee e 25
Figure 7.2 Electricity Use for AtChiSON..........oooiii e 27
Figure 7.3 Natural Gas Use for AtCNISON............ooviiiiiiieeicee e rmeee e 27
Figure 7.4 Water Use for AtChiSQN.........ccooiiiiiiiii e eeeeee e 27
Figure 7.5 Electricity Use for BelleVville............cooooiiiiieee e 28
Figure 7.6 Natural Gas Use for BelleVille...........coooiiiiiii e 28
Figure 7.7 Water Use for BelleVille...........ooooeeee e 29
Figure 7.8 Electricity use for RUSSELl.........cccooo it 29
Figure 7.9 Natural Gas Use for RUSSEIL........coooiiiiiiiii e 30
Figure 7.10 Water Use fOr RUSSEIL........cooo oo 30
Figure 7.11 Electricity Use for AIRaMONT..........cooooiiiiiiiiiie e 31
Figure 7.12 Natural Gas Use for AltamONt..............cooiiiiiiiccciiiccin e eeeer e 31
Figure 7.13 Water Use for AIRGMONL...........ooii i 31
Figure 7.14 Electricity Use for Larned...........coouuiiiiiiiiioiee e eeeee e e e 32
Figure 7.15 Natural Gas Use for Larmed...............uuuuiiiimemiiiiiiiiiiiiiieeeeeee e 32
Figure 7.16 Water USE LArNEd............uiiiiiiiiiiiieeeiiiieee e eeeans 33
Figure 7.17 Electricity Use for JEtMOLe.......cccoeiii i eeeeeeeee e 33
Figure 7.18 Natural Gas Use fOr JEIMOLE.........covviiiiiiiiieeeee e eeeee e 34
Figure 7.19 Water USe fOr JEtMQIE........ooiiiiiiiiiii e 34
Figure 7.20 Electricity Use Comparison (2010)..........ccooiuumummmimmmniiiiiiieiieeeee e eeeeeeeeees 36
Figure 7.21 Natural Gas Use Comparison (2010)............uuuuuuuiiccmreeeeriiniiiiaaseeeeeeeemensnnns 36
Figure 7.22 Water Use Comparison (2010)..........uuiiiiiiiiiiimmiiieeeeeeeeiies e e e eesemme e 37
Figure 7.23 Infiltration Detectiah Wall and Ceiling Seam..............ccccvviiiiiieemiiiiiiiiiieeee, 39
Figure 7.24 Infiltration Detectidh Ceiling Penetration..............ccccvveeiiiicemnninieece e 39
Figure 7.25 Infiltration Detectian Wall andCeiling Seam.................ccevvvvvveeeeeeeeeveveeennnnn 40
Figure 7.26 Infiltration Detectian Wall and Ceiling Seam.............cccccvvvvvevvieeecvvvveeeeeennnnn... 40



Figure 7.27 Infiltration Detectian Wall and Ceiling Seam..............cccccvvvvvviemmricinvvnnnnnnnnn 41

Figure 7.28 Infiltration Detectian Supply Air DIffUSer..........cooviiiiiiiiii s 41
Figure 7.29 Infiltration Detectidn Wall and Ceiling Seam...........cccccoevvvvivviicccneneveeeeiiinnnnn . 42
Figure 7.30 Infiltration Detectidn EXtEriOrDOOL...............ooovviiiiiimr e 42
Figure 7.31 Infiltration Detectidh Light Switch on Exterior Wall................c.cccviiieeeee.... 43
Figure 7.32 Infiltration Detectiagh Wall Outlet on Exterior Wall.............cccoccviiviiieaceinnnnee 43
Figure 7.33 Infiltration Detectidn EXIErior DOOK..............cccuvviuiiiiimmmreeeeeeeeiiee e eeeeees 45
Figure 7.34 Infiltration Detectidn Wall ard Ceiling Seams..............eiiiiiiiiicccviiiiiinnenn 45
Figure 7.35 Infiltration Detectian Bay DOOE.............ccccvvviiiiiiieeeiiiiiiiieeieeeeeeeeeeesseeeeneeenn . 40
Figure 7.36 Infiltration Detectidn EXIErior DOOK............couiiiiiiiie e 46
Figure 7.37 Infiltration Detectidn EXIErior DOOK..............ccuuvvuiiuiiiimmmreeeeeeiiiiee e eeeeees a7
Figure 7.38 Infiltration Detectidn Wall and Ceiling Seam.............ccccoovvvvieeeeeeeevnnnnnnnn 47
Figure 7.39 Infiltration Detectian Wall and Ceiliig Seams............ccoeviviiiiiiiiiccee e 48
Figure 7.40 Infiltration Detectidn EXIErior DOOK...........ccooiiiiiiiie e 48
Figure 7.41 Infiltration Detectidn Light Switch on Exterior Wall...................cccvvveeen. . 49
Figure 7.42 Infiltration Detectidhn Light Switch on Exterior Wall....................cccvveeee.. . 49
Figure 7.43 Infiltration Btectio® Electrical Outlet on Exterior Wall..............ccccccviiiieennn. 51
Figure 7.44 Infiltration Detectian WINAOWS............ooiiiiiiiiiiiiieee e 51
Figure 7.45 Infiltration Detectidh Ceiling Grid SEaMS............ccvvreiieiiiiimmrireee e 52
Figure 7.46 Infiltration Detectiadn Wall Penetrations and Seams...............cccccceevvcmeeeennnnns 52
Figure 7.47 Infiltration Detectidn Electrical Outlet on Exterior Wall..............cccccceeiiiiieennn. 53
Figure 7.48 Infiltraton Detectiod Wall and Ceiling Seams.............cccovveiiiiiiccmniicineeeeeeend 53
Figure 7.49 Infiltration Detectidn EXIErior DOOK...........ccoiiiiiiiiieiiee e 54
Figure 7.50 Infiltration Detectidn Wall and Ceiling Grid Seams...............vvieiiiiiccmeeennnnnns 55
Figure 7.51 Infiltration Detectidn WINAOW ...............oviiiiiiiii i eeeee e 55
Figure 7.52 Infiltration DeteCti@n WINAOW ...........cooiiiiiiiiiiiii e 56
Figure 7.53 Infiltration Detectiah Electrical Outlet on Exterior Wall..............ccccccviiiieenene. 57
Figure 7.54 Infiltration Detectian Wall Penetration and Construction......................vvveee... 57
Figure 7.55 Infiltration Detectidn Bay WINAOW................ouuuuiiiiiiieeeeeeiiee e 58
Figure 7.56 Infiltration Detectiah Wall Penetrations and Seams................cccevvviieecnennnnen. 58
Figure 7.57 Infiltration Deteaind Wall and Ceiling Seams..............cceeieiiiisieccveninnnninnnnnn. 59

Vi



Figure 7.58 Infiltration Detectian Wall CONSIIUCHON..........cvviiiiiiiiieieeieeceeeeeeeee e 59

Figure 7.59 Infiltration Detectiah Ceiling Seams and Exterior DQQr................ccevvviiieennnee. 60
Figure 7.60 Infiltration Detectidn Electrical Outlet on Exterior Wall..............ccccoeeiiiiiieenens 61
Figure 7.61 Infiltation Detectiof Ceiling Grid SEamS...........ccceeeiiiieeieeicccciiiciie e, 6l
Figure 7.62 Infiltration Detectidh Light Switch on Exterior Wall.............cccccooiiiiieeeine 62
Figure 7.63 Linear Fluorescent Diameter COMPALISON...........ccveeeriiimmnirrmeeeeeniniinnneeeenad 65
T 0L (= = 00 1= T ] SR 105
Figure B2 Typical PIumbing FIXIUIES .......ccoiiiiiiiii e eeeee e a e 105
FIQure B3 LIGNT FIXIUIE.......uuiiiiiiiiiii e 106
FIQUIE B4 FUMMBCE. ....ceiiiiiiiiiiei et eeeea bbb e e e 106
FIQUre BS Water HEALEL..........coo it e e e e e e e e e emanan s e e as 107
FIQUrE B.6 UNIE HEALEL.......cciiiiiiii ettt e e e et e e e e e e s mmmeeesaa s 107
FIQUre B7 TReIrMOSTAL. .....ccooiii et eree s 108
Figure B8 SECON FUIMACE.........coiiiiiie ettt et e e e e e e e e eer e 108
Figure B9 Outdoor AirCondensing UNIL..........cceiiiiiiiie e eeeeeeeeee e 109
Figure B10 Unit Heater in Garage BaysS............uiiiiiiiiiiiiiee e eevmmmea e aenes 138
Figure B11 Packaged Window Air CONAItIONEL...........uuiiiiiiiiiiiieeeiieieeeeeeee e 138
Figure B12 First TREIMOSTAL.........coiiiiiiiiiiiii e e e 139
Figure B13 SeCONd TREIMIOSTAL.........uuuuiiiiiiiiiiiieeetiriiiieee e e e e e e e e e e esee e e e e e e e e e e e e e e e e e e e e e ans 139
Figure B14 Third TRermMOSIaL...........uiiiiiiii et eeee e e 139
FIQUIE BLS FUIMBCE. ... ittt e e e et e e e e e e et e e e e e ee s mmmeeana e eaeennes 140
Figure B16 Water HEALE. ... ..ottt e ettt e e e e e e e e e e e e e e e 140
Figure B17 Outdoor AirCondensing UNIL...........ooouiiriiiiiiiiice e e e 141
Figure B18 Furnace and Water HEater.............coooeeiiiiiieeeii e eeeeeeeeeme e 167
Figure B19 PIumbing FiXIUIE........ouuiiiiiiii et e e e e 167
Figure B20 PlumMbBING FIXTUIMES.......cooiiiiiiiiiiie e 168
Figure B21 Unit Heater in StOrage BaysS..........ooooiiiiiiiiiieene s eeeeeeeeeeeeeeees 168
Figure B22 Outdoor Light FIXTUIE. .......uueeiiiee e teees e e e e e e e e e e e eeaeeannens 169
Figure B23 Outdoor A¥Condensing UNIL..........ooouuiiiiiiiiiiicce e emme e 169
Figure B24 Garage DOOr MOTQL. .........uuuuuuiieiieiiiieaatiriiieeeee e e et e e e e e e e e s ememr e e e e e e e e e eaaeaaeaaaaaa e 199
Figure B25 Unit Heater in Garage Bays..........oovvvvviiiiiiicreeeeeeeiisss e e 199

Vii



FIQUre B26 Water HEALEN.........uiieiiiiie ettt eeeee e e mmme e e 200

Figure B27 Packaged Terminal Air CONAItIONET...........cooiiiiiiiiiiicee e 200
FigureB.28 PlUmMDING FIXIUIES........coiviiiiiiiiiiiicmmr e er e e e e e e e e e e e e e e anas 201
Figure B29 Outdoor Light FiXIUIB........coiviiiiie et emme e e 201
Figure B30 Radiant Heater in Washbay...............ouuuiiiicciii e 202
Figure B31 Outdoor AirCondensing UNIL.........cooouiiiiiiiiiiiiicmee e e e 221
Figure B32 Outside View of Packaged Air Conditioner...............uuueiiiiiccmeeeevvvnennnnnnenn. 221
Figure B33 Inside View of Packaged Air Conditioner............cooovvviviviicceiiiieeeeeeiiiiie e eeenns 221
Figure B34 PlumMbBING FIXTUMES.......ccoiiiiiiiiiiiie e s 222
Figure B35 TRermMOSTAL........cccciiiiiiiiie ittt e e 222
Figure B36 Unit Heater in Garage Bays...........oovvvvviiiiiiceieeeeeeiies e 223
Figure B37 Water Heater and FUIMACE...........cooiiiiiiiiiiceeer et erees e 223
Figure B38 Unit Heater in Garage Bays...........ceuuuuiuiiiiiiceeeeeeiiiiiiinss e eeennnn s 248
Figure B39 Water HEATEN........cciiiiiiiie e eee ettt e e e e e e e e e e e e e s s e e as 248
FIQUIE BAO FUIMNACE. ... cci i e ettt ettt e e e e e e emrn e e as 249
Figure B41 Radiant Heater in Washbay.............coiioiiiiiiicciiie et 249
Figure B42 Outdoor AirCondensing UNIL..........cooouiiiiiiiiiiiice e 250

viii



List of Tables

Table 3.1 Applicable Sections AGHRAE Standard 90-2010 for Simplified Buildings....... 10
Table 7.1 Summary of Facility Characteristics for All Six KDOT Facilities....................... 35
Table 7.2 Monthly Average Utility Consumption (202810) for All Six Selected KDOT
FACHITIES. .o ettt e e e e e e 35
Table 7.3 Facility Summady Measured and Recommended Values..............cccccvvvimeennnns 38
Table 7.4 Facility Summaéy Measured and Recommended Values..............ccceevvvveeeeennn. 62
Table 7.5 Hot WateHeater SiZiNg...........coooiiiiiiiiiieeee e a7
Table 7.6 NPG WINAOWS @nd DOOIS.........cuuiiiiiiiiiieiii e emmne e e 68
Table 7.7 NPC, ROI, and Payback PeéiddoublePane WiNndows...........cccccccevveiiiieanneennn. 68
Table 7.8 NPG TheIrMOSIALS........uuuuuiiiieii et e e e e e eeees e e e e e e e e e e e e eeeneeeennnmnne e 68
Table 7.9 Fixture and Ballast COmMPAriSON..............oouviiuiiirreeeeeeeieiies e 69
Table 7.10 NPC, ROI, and Payback Pediddghts and Lamps..............cccoovvviiiiieenneeeeeeenn, 70
Table 7.11 NPC, ROI, and Payback Pedialbint Sealant....................ccccvveeeeeeeeeeeeeeeeennnnn 0
Table 7.12 NPC, ROI, and Payback Pedidlata Heaters.............ccceeeeiieiiisececeininniiieee e 71
Table 7.13 ROI and Payback Period Plumbing FIXtUIeS............uvuviiiiceeeeeeiiiiiieee e 7.2
TableB.1 Completed AtChiSON AUdIt..........ccooviiiiiiiii e eeeee e 110
Table B2 Completed Belleville AUIL............coooiiiiiiiii e 142
Table B3 Completed RUSSEIl AUIL..........ooooiiiiiiii e 170
Table B4 Completed ATaMONT AUGIL. ........coiiiiiiiiiiii e 203
Table B5 Completed Larned AUdIL.............ooooiiiiiiiiieeee e 224
Table B6 Completed JetmMore AUdit.............uuuiiiiiiiiiiecceiie e eeme e e eaaaaa 251
TableC.1 NPC and ROI INitial COSIS.......ccoiiiiiiiiiiiiiimmmre e 273
TableC.2 NPC and ROI MainteNanCe COSIS...........uuuuuuummmiimeeeeeiiriinnnneeeeeeessmnssnnnns 274
Table C3NPC and ROI Annual Energy COSLIS.........cooviviiiiiiiiimmmeeeeeeeeevvieiee e eeannens 275
Table C4 NPC and ROI DemMOItioN COSIS......coiiiiiiiieiiieiiieieeee et 276
Table C.SNPC and ROI Example Calculation..............ccoooiioceeee 277
Table C6 NOC and ROI Aluminum Window Calculations.............ccccovvvvvvieeees e eeeeeeeee 278
Table C7 NPC and ROI Steel Window Calculations...............oooiiiiiimere e 279
Table C8 NPC and ROI Wood Window and Metal Door Calculations.................eeevveeen. 280



TableC.9 NPC and ROI Electric WatdteaterCalCulationsS..........cooeeeeeviie e 281

Table C10 NPC and ROI Instantaneous Wakégater Calculations..............ccoooevviviiceeennn. 282
Table C11 NPC and ROI Sealant and Lighting Calculations..................cccvicccevvveevevnnnnn. 283
Table C12 NPC and ROI Lighting Calculations............ccoiiiiiiiiiicciiiie e 284
Table C13 NPC and ROI CFL and Incandescent Caltoihs...................uevvvunmiccneeeeeeennnnns 285
Table C14 NPC and ROI Controls CalculatiQnS...........ccooveeeeeeiieeeiciiiieieeeeeeeeeeeeeeeeeeeeen 286
Table C15NPC and ROI Water Closet CalculatiOns.............uuuueeeiiiimeeiiiiiiiiiiiiiiiieeeeeeeenns 287
Table C16 NPC and ROI Lavatory Faucet Calculations................cooevvvimiiiinieeeeceiiieenn, 288
Table C17 Light PowerDensity Calculation RESUILS..............uuuiiiiiiiiieeeiiiiiiiiiiieecceeeee e 289
Table C18 Light PowerDensity CalCulations...........ccouueiiiiiiiiiiccceeeeeeeeee e eeeee 290



Equation 5.1 Net PreSent COSL.......uuuuuiiiiiiie e s s e e e s eeeeis s e e e e e e e e e e e e e e eeeeeeasnnne s

Equation 5.2 Return ON INVESIMENT.........ooiiiiieeer e e

Equation 5.3 Payback Period

Xi



Acknowledgements

| would like to thank my major professor, Dr. Kyle Riding, as well as my
committee, Dr. Julia Keen and Dr. Robert Stokes. In addition, | would like to
acknowledge Rebecca Gentnyd David Cartefor assisting with the energy audits of the
KDOT facilities. | also want to acknowledge the Kansas Department of Transportation
for funding and supporting the research of this replogif HollidayandP et er Car tt ar
assistance in accessing the facilitiad gathering missing data was instrumental in
completing the researctiAccommodations and aid of the managers and staff of the six
audited facilities were invaluable. Dale Borger, John Boxberger, Dean Earegood, Wayne
Nelson, Gary Simmons, and Robbie Wiaiar were helpful throughout the auditing
procedure. Laty, student researchelRamesh Krishna Sreeramégamshi Vemulaand
Sreedurga Koneollected all of thauitility data, allowing for the energy audits to be

conducted.

Xii



Dedication

| would like to dedicate this report to my husband, Chris. It has been with his support
and encouragement thatlmb ar ked wupon compl eting my masterd

inspiration andny motivationto complete my graduate work and this thesis.

Xiii



Chapterl-l nt roducti on

As a result of rising utility costs and growing concern about the effects of building
systems on the environment, the building industry has shifted towards more efficient design
methods Governmat-funded projects, specifically tee funded by state governments, are slow
to adoptstringentenergy standards and enforce them. Many state governments are unaware
what steps to take to improve efficiencyedRarcmeedto be conductetb determine ha to
reduce energy consumption and energy costtaiieowned and operatddcilities. Research
conducted for this paperds in reducing energy use statefundedfacilities with the objective
of reducing operational energy cotsoughimplementation of building upgrades and
improvements that payback in a time period equal to 20 years.n@honly will helpstate
governmentdudget butwill create gprocesdor statedo meetenergy efficiencyequirements
of theDepatment of Energ (DOE)in the present and future.

The objectives of thighesisare toestablish a process that all states and-ftaiged
facilities can follow that determines thaergy usdaseline, establish an energy auditing
procedure, and recommend monitoringt@ques. In addition, this report documents a
procedure developed to make recommendations for improvements and select building and
equipment upgrades based and return on investment calculations. The procedures and processes
established are designed satthny employee, especially rengineers, can accomplish
changes that will impnee facility energy efficiency.

To best meet the needssthte governmentnd complete the objectivearanysteps
werecompleted. A literature review pfevalent energy c@s and standards was conducted, as
well as documents outlining energy audit procedufiéss review allowed for theninimum
acceptabldéevels of energy consumption for existing building operatitobe definecnd
established design criteria for new fa@s concentrating on minimum energy use and
compliance with DOE requirement# simplified and custorbuilding audit procedurevas then
created. Using the created procedures, a case studpmdisctedconsisting of sibuildingsin
the state of Kansamd owned by the Kansas Department of Transportation (KDOT)audie

results and utility dataf the facilities were compared and used toegate a list of areas of



potential improvemest Economic analysisvas conducted for the potentighgrade optinsand
an economic paybadkol was developetbr future use Changesvere recommendet specific
facility attributes that were most commonly problematitd had a reasonable paybaekiod
relative to the initialnvestment and potential savingBhe process useas well as
recommendations that resulted from each of the tasks,listddscribed in the chapters that
follow.

Chapter 2 focuses on selectiomuhimum acceptablenergy consumptiorequirements
for building designandoperation levefor statefacilities. Requirements of the selected baseline
arediscussed and established in Chapter 3. Chapter 4 addresses energy audits, including the
procedure Chapter 5 establishes how to select improvements and recommendatituthng
calculaing life-cycle cost, paybackeriod and carbon footprint reductiorChapter 6
concentrates otie continual process used in order to ensure energy efficidmeKDOT
building audit case studg addresseth Chapter 7. The last chapter, Chaptes&he
conclusion which discusses recommended changes and how to implleemenT he appendices
provide supportigdocuments and additional detakddated tarecommendations contained in the
thesis as well as documents that can be used by facility maségeonduct their own energy
audits. Appendix Aprovides tirther information on energy audits including a field guide to
energy audits, the dit worksheet, and a tool guidé\ppendixB containsaudit data collected
for the KDOT facilities assessedtims thesis Lastly, AppendixC is compised of example
calculations pdormed for the lifecycle-cost analysis for all recommendg®OT facility

improvements.



Chapter2-Sel ecti on of Mini mumté&actCept a
Energy Design/ Operations

The firststepwas to research and determine the most appropriate energy standard to be
used in the recommendations relatedew facilities andipgrades of existing facilities.
Selecting an energy standard not only estaldigileeminimum accepted level of construatio
and opertion of existing facilities buserves as a basis of design for new faciliti€snergy
savingswill become a greater priority &ederal regulations, in the form BIOE Determinations,
need tdoe met. A comparison betweenristingbuilding corditions and the seleal minimum
level extracted from the conteoit an industryacceptecnergy standandas a critical step in
this research This comparison identified changést could be considered to reduce energy
consumption.

Selecting an indust-accepted anesupportecenergy standarensureshe content is
vetted, regularly used, reviewed, and updated by qgttiensefore minimizing the risk of
implementation and effort needed to stay current in the future. To find the best and most
applicalle energy standarr this comparisojtwo primary factors were considered. First a
review of the states and their adopted energy standards was condustadtentof this review
was to determinevhat wascommon practice and accepted among stafegtain states, such as
California, are known to be much more aggressive than others on the topic of engagyluse
thesestringenciesvere taken into consideratiamthis comparison. Thessond factor
considered wasecommendations madiy theDOE in regard to published energy stardiar
The following subsectiawill identify and discussdustryaccepted energy standardad
further explain the decisiemaking process in selecting an energy standard used as the

minimally accepted construction angerational level for KDOT buildings.

Defining Energy Codes
Energy codes and standasgtminimum requirements for energgfficient design and
construction Department bEnergy, 2012). Energy codesitline uniform requirements for new

buildings as welas additions and renovatio(i3epartment bEnergy 2012). The

3



implementation of energy codes is beneficial to hethuce energy consumptiancreasecost
savingsand educecarbon dioxideemissiongDepartmentf Energy 2012). Manyenergy
codes ad standards are developed thromggmber and industryonsensus otihe established
requirements and detaié$ the codgDepartment bEnergy 2012). This procedure can be very
time and labor intensive for the involved parties, but the effort resukgjuirements that many
parties support and can me€odeadoptionis not automat in all statesas manyare allowed

to address energy codes as they se®épartment bEnergy, 2012).

Changes and updates in energy codes require industry meimbdessgn using new
standards and techniquésiplement new requirements at the johsated povide staff and
resources to plan, review, and inspgecénsure compliand®epartment bEnergy 2012)

Energy codes and standards are created and maintaitieeg®ynain bodiesAmerican Society
of Heating, Refrigerating and AfLonditioning EngineerfASHRAE), International Code
Council (ICC), and state anatally adopted codd®epartment of Energy2012). Thee codes
and standards sereemmercialandresicentialsectors and addrebailding envelope
mechanicalservicewaterheating,lighting, and éectrical power(Department of Energy2012).

Energy code adoption caccur at the state or local level in one of two ways: directly
through legislative aatns or by regulatory action through state or local agen@epartment of
Energy 2012) Overall, energy codes and standards are created to increase energy efficiency,
reduce utility costs, and reduce harmful eext the environment. It is in the bésterest of
stak governments to adopt the most curiedtistryaccepedenergy codes and standarasd

apply them to all state facilities.

Accepted EnergyCodes

Using an existing energy standard as the asiecommendations in thikesisallows
for well-defined andindustryaccepted and understoogtjuirements The two most prominent
energy efficiency codes in the United States ardrteznational Energy Conservation Code
(IECC), published and maintained by the International Code €ib(I€C), and the
ANSI/ASHRAE/IES Standard 90.1 Energy Standard for Buildings ExceptR®»& Residential
Buildings (ASHRAE 90.1). In addition to these two base energy codes, refeasaaeailable

that focus on higiperformance and green/sustainaldsign. TheCC publishes the
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International Green Construction Cad@@éCC), and ASHRAE publishes Standard 189.1
Standard for the Design of HigPerformance Green BuildingBSHRAE 189.1) Neither the
IGCC nor ASHRAEStandardl89.1wereconsidered oseletedto be used as the basis of design
for this paperbecause they are newly introduced and very few jurisdictions have adopted them.
State governmentmayselect tareference these documents in the future in order to achieve
energy savings above thathieved when implementintpe IECC andASHRAE Standard 90.1.
In the event that state want to increase eneffijgiency above that of ASHRAE 962010,
energy certification programs such as LEED, Green Globes, and ASHRAE Building Energy
Quotient provide guaielines and ratings for facilities based on energy efficiency and
sustainability. States wanting to go above the minimums established by ASHRAE Standard
90.1-2010 can use these programs to track progress and can achieve a rating that correlates to
efficiency. These programs are best suited for new facilities since the stringent requirements are
difficult to implement in renovations.

The DOE recognizes botthe IECC and ASHRAE Standard 90eferences as
acceptable energy codes. Energy codes are adaptedtateby-state basis, even though the
DOE has established minimums that states must adheresstdiylished dates. Figure 2.1
depictscurrent stag- adopted energy codes for commercial construction, as updated and
provided on the DOE websites ofJune 1, 2014Department of Energy, 2011)



[ ] American Samoa
[T Guam

[T I N. Mariana Islands
[ Puerte Rica™
[ U.5. Virgin Islands

E ASHRAE 90.1-2010/2012 IECC

.Asmuz 90,1 - 2007/2008 IECC ASHRAE 50,1 - 2004/
sguivaler or mare anargy aflician

equivalent or more anargy efliciant 2006 IECC equivalent

ASHRAE 90,1 - 2001/2003 IECC No Statewide Code

equivalent or less energy efficient

* tdopied new Code to be effected at a later date
Figure 2.1 Status of Commercial Energy Code Adoption

As of June 1, 2012, three states have adopted ASHRAE Standa209Q,Ifour states
have adopted ASHRAE Standard 9@004,38 states have adopted ASHRAE Standard-90.1
2007, and one state has adopted ASHARE Standare29Q( Ten states have no adopted
energy codefDepartment of Energy2012) In addition to having a statewide commercial code,
many states have additional requirersdot statefunded facilities. For statiinded facilities,
three states require ASHRAE Standard 9004, one state rages 30percent better than
ASHRAE Standard 90-2004, four states requilsSHRAE Standard 90-2007, five states
require 10 to 3@ercent better than ASHRAE Standard 920D7, and one state requite®
percent better than ASHRAE Standard 9801.0(Depatment of Energy2012) Twenty states
requre LEED certification for statbunded facilities, whictieatures environmental requirements
in addition to energy efficiency requirements that aleast 25ercent better than ASHRAE
Standard 90-R007 Depatment of Energy2012). Six states have created their owmimum

efficiencyrequirements for statiinded facilites with these requirements typically based
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one of the industraccepted energy codd3gpartment of Energy2012). Lastly10states d
not have any requirements for stateded facilities Department of Energy2012).

The IECG as with most of the International Code Senggredominantly referenced by
code officials whereas ASHRAEtandar®0.1 is more familiar to those in a design capacity.
Both of the codebavesimilar contenti§uilding envelope, heating, cooling, ventilation, service
water heating, power, and lightinghdmany of the same peoplesanvolved in their
development.IECC specifically states in Chapteif Zommercial Energy Efficiengyhat
compliance can be achieved with design meeting the requirements of ASSiRAdard0.1.
ASHRAE Standard®0.1 will be used as the minimum level of acceptable construction and
operatia for this reportsince it is the more universal and those reading this report will be acting
more so as designers than code officials.

ASHRAE Standard0.1 providesninimum requirements for the energificient design
of most buitlings and offers, inetail, minimum energyefficient requirements for the design and
construction of new buildings and their systems, new portions of buildings and their systems, and
new systems and equipment in existing buildings as well as the criteria for determining
compliance with these requirements (ASHRAE, 2010). ASHRAE publishes a revised version of
the standard every three years, continually increasing stringency of the requirements to reduce
energy consumption and increase efficiency (ASHRAE, 20I0Q most currentersion of
ASHRAE Standard0.1 is 2010with a new version planned to be published in 2013. Using the
2010 versionas opposed to earlier versioissan especially appropriate choice for this report
because the DOE has issued mandaies known as derminationsto push the building
industry towards energgfficient design and utilizationDeterminations establish requirements
that must be met by a stated tin@n July 20, 2011, DOE issued a determination A&RAE
Standard 90-2007 would achiex greater energy efficiency in buildings subject to the code than
the 2004 editiopand all states had two years to addBHRAE Standard 902007 or upgrade
their existing commercial building codes to meet or exceed its requirements (Department of
Energy 2011). However, on October 19, 20DDE issued a final determination tieSHRAE
Standard 90-2010 would achieve greater energy efficiency in buildings subject to the standard

than the 2007 edition (Department of Energy, 2011). This final determminagis published
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before thewo-year deadline to file a certification for the 2007 positive determination;

thereforea state may file just one certification to address both determinations (Department of
Energy, 2011). The certification must include a desti@tion thaprovisions of the state's
commercial building energy code regarding energy efficiency meet or eA&HRAE

Standard 90112010 and be filed by July 20, 2013 (Department of Energy, 2011). All states have
two years to adopASHRAE Standard 9@-201Q or upgrade their existing commercial building
codes to meet or exceed its requirements (Department of Energy, P8&@ DOE can enforce

the determinations by imposing fines, withholding funding, and setting other restrictions.
Therefore, the 201@dition of the standarshouldserve as the minimum construction and

performance criteria for state governments



Chapter3-Mi ni mum Construction and Oper

f or New Facilities and Reno

ASHRAE Standard 90.22010

ASHRAE Standard®0.1-2010 should be used as the design minimum fatalée
governmenftacilities. The standard establishes minimum requirements for both new facilities
and renovations to existing facilities. In order to improve energy efficierstaiefunded
facilities, requirements defined by ASHRA&Randar®0.1-2010 should be ewsulted for any
project andequirements of the document must be understé@HRAE Standard 90-2010
was chosen to allow for energy compliance now and in the future when the 2008 ersi
adopted. As energy codes continue to advance and newer editions are pusihshed,
governmentshould consider adopting the most current code wthisintroduced to ensure
future progress.

ASHRAE Standard0.1-2010 addresses energy efficiencgueements for all aspects of
buildings, from thébuilding envelope tspecific building systems. The standard is applicable to
all buildings, except for lowise residential, with sections tailored to varying building
classifications (ASHRAE, 2010). Aagority of statefacilities, specifically those addressed in
the KDOT case studgescribed in this thesi a | | under the classificatd.i
building.0 As def i n®ahdaid®0.1-2A0SIHRAEa si mpl i fi ed buil di
fewermn hei ght and gross f | oor aadrmees adddgiondl g/ystesn t h an
requirements as stated in each section of the sta(iSHRAE, 2010).

Renovations to existingtatefacilities have requirements established by the baseline of
ASHRAE Standard 90.1. According &5HRAE Standard 90.1, when an addition is added or
alterations are made to the facility, the changes must comply with requirements of the standard
(ASHRAE, 2010). Therefore, if any changes are madeatefacilities, the changes should
meet the requirements. In making changes to existing facilities, the baseline of ASHRAE
Standard 90.1 must bereulted in order to ensutiee changes improve the energy efficiency of
the facility. To know when requirements of ASHRAE Btard 90.12010 are applicable, see
subsection 4.2 Compliance Paths (ASHRAE, 2010).

9



For simplicity and clarity, this report will only address simplified buildings. For all
construction that does not meet the requirements of the simplified building, AS8&Adard
90.1-2010 will need to be consulted in its entirety. Tabledisplayssections of ASHRAE
Standard 90.1 that need to be consulted when designing a new simplified building, with
di scussion about the s ecMininumsestabsbed in hesectidn® | | o w
of ASHRAE Standar®0.1-20100only apply to new construction, additions, or significant
renovations when adopteéor purposes of this repotiowever |t is suggestethese minimums

also be considered as the baselinarfgrovements to existing facilities.

Table 3.1 Applicable Sections of ASHRAE Standard 902010 for Simplified Buildings

Section Number Section Title

5.4 Mandatory Provisions for Building Envelope

6.3 Simplified Approach Option for HVAC Systems
7.4 Mandatory Provisions for Service Water Heating
8.1.2 Low-Voltage Dry-Type Distribution Transformers
8.4 Mandatory Provisions for Power

9.4 Mandatory Provisions for Lighting

Normative Appendix B ClimateZones

ASHRAE Standard0.1-201Q Section5, addresses the building envelope (ASHRAE,
2010). For this section, it is imperative to know the type of spaces being desighkdw they
are thermally conditionedMost KDOT facilitiesin the case studyill feature two types of
conditioning nonresidential conditioned, referring to office aremsl semiheated, referring to
enclosed garages (ASHRAE, 2010ub&uction 5.4 addresses requirements for insulation, as
well as maximum areas allowed for femasbn and doors (ASHRAE, 2010). This section also
addresses requirements to reduce air leakage, such as vapor barriers,, adkiegling
(ASHRAE, 2010). By adhering to the conditionsSafction5, heat loss and gains can be
reduced in the buildinPASHRAE, 2010).

Section6 of ASHRAEStandard0.:2 010 focuses on the buildin
and airconditioning (HVAC) system(s) (ASHRAE, 2010). The simplified approaalsection
6.3, addresses all requirents of the HVAC system faimplified buildings typical ostate
facilities, specificallyKkDOT (ASHRAE, 2010). 8b<ction 6.3 states requirements, efficiencies,
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and criteria for types of systems utilized, as well as controls for the system (ASHRAE, 2010).
This section also establishesi@éncy requirements for HYAC equipment and minimum
insulation requirements for ductwork (ASHRAE, 2010). Compliance with requirelinents
sulsection 6.3 allows fodesign of an eftient HVAC system and control)ereby reduag

energy costs and lifeyde costs.

Service water heating is addresse&attion7 of ASHRAE Standard®0.1-2010
(ASHRAE, 2010). 8bsection 7.4 concentrates on mandatory provisions, including how to
calculate hot water loads, efficiencies of equipment, and pipe insulation (ASHRAE, 2010). The
section also addresses controls for the service water heating system, as well as outlet
tempergures (ASHRAE, 2010). Employment of the requirementaation7 will produce an
efficient service water heating system well suited for the needs of the facility.

Section 8 of ASHRAEStandard0.1-2010 deals with power distribution within a facility
(ASHRAE, 2010) Subsection 8.4 focuses on mandatory provisions of the power system
(ASHRAE, 2010) The section discusses maximum voltage drop for feeders and branch,circuits
and methods for automatic receptacle cofd®HRAE, 2010) The purpose of Seoti 8 is to
design a power system for the facility that redugasecessary loads and ensuhesvoltage
drop in the system is not too high, resulting in poor quality.

Lighting is addressed in Section 9 of ASHRSENdard®0.1-:2010(ASHRAE, 2010)
Subsedbn 9.4 offersmandatory provisions for lightincASHRAE, 2010) This section deals
with lighting controls, including automatic contspsuch as occupancy sensors, vacancy sensors
and time clock§ASHRAE, 2010) Lighting power densities, the maximurnattage per square
foot, are also addressed inlt&ection 9.4ASHRAE, 2010) The buildingarea method for
calculatinglighting power allowance is the simpler of the methods contained in the standard and
is appropriate fomost state facilities, as well #H'e KDOT facilities. Application of Section 9
requirements will reduce lighting loads, increase efficiency since power consumption is limited,
and improve controls, therefore reducing energy consumption and lowering utility costs.

ASHRAE Standard0.1-2010 Normative Appendix B deals with climate zones for the
United States (ASHRAE, 2010)-igure 3.1shows different climate zones for the continental

United States. The climate zone is based on location and ceutiityspecific counties listed in
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ASHRAE Sandard 90.22010 Appendix B, Table BL (ASHRAE, 2010) The climate zones are
broken down even further into moisture categories reprasegtietters (ASHRAE, 2010).
Climate zones are referenced throughout ASHSA&hdard0.1-2010, with requirements
varying based on which climate zoaproject is locatedavithin. Requirements for the building

envelope are one example of requirements varying based on climate zone (ASHRAE, 2010).

All of Alaska in Zone 7
except for the following
Boroughs in Zone 8:

Bethel Northwest Arctic

Dellingham Southeast Fairbanks =

Fairbanks N. Star ~ Wade Hampton Zone 1 includes

Nome Yukon-Koyukuk b Hawaii, Guam, =

North Slope Puerto Rico, = 1
and the Virgin Islands \J

© 2003ASHRAE Transactioi$9(1):109121, Briggs, et al.
Figure 3.1 ASHRAE Climate Zones for the Continental United States

ASHRAE Standard®0.1-2010 establishes requirements for new and renovatddies,
which would also be applicable statefacilities. While a majority of stati&cilities will fall into
the defnition of a simplified building antherefore having simpler requirements, ASHRAE
Standard0.1-2010 should be consultéor all types of facilities.By adhering tAASHRAE
Stardard 90.12010for all facilities, energy consumption will decrease and energy efficiency

will increase.
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It is assumed for this report that facilities will have access to ASHRAE Standard 90.1
2010. This document needs to be available to whoever willdpemsible for selecting and

implementing changes, whether they are at a facility level or a state level.

Energy Star Certification

Energ Star products should be used whenever possible infatated facilities.
Specifically, equipment used in space @itioning, water conditioning, and other frequently
used pieces of equipment need to be Energy Star certified.

Energy Star i® governmensupported prograrmimed ahelpng the environment and
savingmoney through energgfficient products and practicéSnergy, 2012). Products earn an
Energy Star label/certification by meeting the energy efficiency requirements created by the
Environmental Protection Agency, based on significant energy savings, features and
performance, reasonable economic paylpsiod, access, and measured efficiency (Energy,

2012). Many types of products are Energy -8ttified, includingcomputers, insulation, lamps,
water heaters, air conditioners, furnaces, and refrigerators.

Appliances in statéunded facilities should be Energy Startified whenever possible.

Since it is not economically sensible to replace everything at once, Energyeiiéed products
should be purchased when a replacement is needed, such as geplawhken refrigerator with
an Energy Stacertified refrigerator.

Energy Star labels have been created to help consumers make purchases. The label states
the range of energy consumption for comparable products and where the specific product falls
(Enegy, 2012). In addition, the label will give an estimate of what the energy costs will be for
the product for a year (Energy, 2012)is also important to note that a 15 year old appliance
may be Energy Stasertified, but will not be as efficient agwer models.These labels typically
appear are |l arger products, such as water hea
purchase applianceghose labels shothat are in the lower 50 percent on energy consumption
since they will have ler energy consumption. itfis possiblejt is best tgpurchase the lowest
energy consumption product available. For smaller products, and Energy Star seal may be used

instead of the label. For these products, such as computers and lamps, anylésaptian
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since they will be more efficient than a comparable product that is not Energy Star ceftdied
know the requirements for that particular product, consult the Energy Star website.
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Chapter4-Ener gy Audi t s

Energy audits are an essential compof@nincreasing energy efficiency in buildings.
Primarily, energy audits serve the purposaehtifying energy use amomngrious services
within a building and depicting opportunities for energy conservation measuregodihs to
reduce energy use aneas where energy is being wastaad in areas where a reduction will not
cause disiptions to the building or occupant functioriSnergy audits focus upon all systems
and components within a building, including building equipment operation, buildiredogmy
mechanical systems, lighting systems, electrical systems, and water systems.

It is imperative to have an energy audit procedure, customizeanioloyees of state
governmentsto allow for consistent and determinative energy aedis when the aitd

conductors have little or no understanding of energy audits

Energy Audits Procedure

Energy audits provide valuable information as to current conditions of a facility and
i mprovements that can be made to | Goonmacase ef f
Building Energy Audit® i ntroduces three different). |l evels
In order to best sudtatefacilities, and the facilities of the KDOT case studycustom audit
procedure was created by combining applicable components of the three ASHRAE procedures.
To best respond to current and future needdatéfunded facilities the custom procedure
allows for a great amount of details to be gatheredsimalistic manner. There atieree main
sections to the audit procedutg pre-audit, 2)audit, and 3) postiudit The hree sections are
describedn detail later in this sectiorEnergy audit documents and the stgpstep audit
procedues are locagd in Appendix A
Specific tasks need to be completed prior to the energy audit infordeto be
successful. The praudit starts two weeks prior tbe audit, beginning by sendiranowner
survey to the facility contact persoiihe survey responsese neededt least two days prior to
the audit. Once the survey is returned, the audit documents need to be bpdhgduditoto
reflect the answers on the owner survey. Prior to conducting thigeoimspection portion of the
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audit, it is bestd fill out as much of audit spreadsheets found in AppeAdas possiblgusing
the owner survey and available, building floor plans. It is importafar the auditoto become
familiar with the floor plans and develop a list of questions for the opm@rto the audit.
These questions are different from those asked on the owner survey and are formed when
discrepancies are foumd the floor plans, or utility bills, awhenquestionsarisethat only the
facility contact could answellastly, all of the equipmenteeded for the audshould be
assembled The following items should be packed and readily availdlaishlight,digital
camera, yardstick(sinfraredcamerafour-in-onedevice(s)thermometer, light meter,
hygrometer, and anemomeétdrighlighters, floor plans, clipboardsriting utensils and blower
door tesing equipment See AppendidA, A T o o | for @hateatheitéem ito be used for
during the audit.

The procedure used for the most effective and informative energy auditbanust
consistent over time and between different facilities; thergfodefined procedure should be
adhered to.First, once at the facilitythe auditor shouldtheet with the owner, representative, or
contact person and discube audit;askpreviouslydeweloped questions and take a brief tour of
the facility. With the audit worksheet in harlle auditor shoultdegin completing the necessary
information one room at a tim& he auditor shoulddsure to take notes and photos of
everything while working tftough the auditAfter all informationhas been recordemh the
interior, an exterior assessmefiould be conductedrhis should start with aalk around the
structure The auditor shouldake notes of any irregularitiegnd takealigital and thermabhotos
of the exterior. Lasthe auditor shouldevelop exit questions for the owner, representative, or
contact person. Ask about anything that was unclear or naedétnal information

After the auditthe auditor should begin ttipostaudio andcompile data in the audit
documents. If there are any omissiahg, auditor shoulthe sure to ask the facility point of

contact for clarification or information.
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Comparing Energy Audit Results to the Minimum Construction and

Operational Requirements

After the energy audit has been conducted, the facility needs to be compared to the
minimum construction and operational requireméytshe auditar First,the auditor should
obtain all completed energy audit documents and a copy of ASHRAE Standa0%0.1Then
the auditor shouldompare each component of the facilities to the requirements established in
ASHRAE Standard 90-2010. Reference the sections addressed in Chapter 3 of this report.
While comparing, the auditor shouldake noé of anythingthat is below the requirements.
Once everything has been compared, including lighting, HVAC, plumbing, and building
envelope, a list will have been created that notes all areas that need to be improved to meet the
minimum requirements. The state can raegide if the improvements should be made to
simply meet the requirements or exceed them. Chapter 5 will establish how to determine which

changes to implement.
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Chapter5-Sel ecti ng Changes and |

Minimum construction and operational requiremgeaitgl enggy audits are both used to
determine possible changes and improvements to increase the energy efficiency of the facility in
consideration. Once a list of possible changesaated, economic calculations can be used to
determine which changes are ecoraatly feasible. Viable options can then be implemented to
increase energy efficiency and reduce utility costs in state facilities.

Upon completion of the energy audit, the process of selecting possible improvements and
changes begindn order to deterine possible changes, the facility needs to be compared to the
minimumconstructiorand operational requirements. This is done by comparing the energy
audit worksheet to the requirements stated in ASHRAE Standar®000L Some
improvements will be simp, such as replacing weather stripping and installing programmable
thermostats, while other improvements, such as resizing water heaters and replacing windows,
are extensiveOther common changes incluhstalling lighting controlsgchanging light
fixtures, lampsand ballastssealing building joints and penetratipasd replacing appliances
such as water heaters and furnaces withrdgn8tarcertified products that are highly efficient.

Economic Calculations

Calculations must be dorfier each of the recommended changesrder to determine
cost justification of improvementand to assisieterminingchanges to scheduliragnd
financing Calculatingthe life-cycle cost for recommendatioms done using net present cost
(NPQO since ths value takes into account payments and savings over the life of anTitem
calculate theNPC of proposed alteratianthe first cost and annual maintenance cost for the life
cycleis calculated using traditional economic fornsilagAnnual operating costs and utility costs
arecalculated based average utility rates for theatefacilities, andby using product energy
data and energy modeling. Ifere is a demolition cost for axisting item, thiss also included
in the calalations. To assist in pricing, 2DRS Means Cost Data manuabmn beutilized to
find average initial, operating, maintenance, salvage, and demolition Sestdfjuation 5.1 to

understand how to calculatPC.

18

mp



Equation 5.1 Net Present Cost

NPC = (ltembs First Cost) + (Annual Mai nt enan
(Annual Energy Cost)(PJA, i, ) (Demolition Cost)(P|F, i, i) Salvage Cost

ltemdébs First Cost: Initial investment for the
Annual Mainteance Cost: Cost to perform annual maintenance on the item.
Annual Energy Cost: Cost to annually operate the item.
Demolition Cost: Cost to remove an item after its lifespan is over.
Salvage Cost: Worth of item after its lifespan. (Ex: Selling parts back)
(P/A, i, n) = Present cost given annual costs = A *((((1+iD¥fi(1+i)"n))
[i = interest rate, n = number of years]
Can be calculated or found using typical economic tables
(P/F, i, n) = Present cost given future costs = F * (1+i)™n
Can becalculated or found using typical economic tables

State governments typically have arabfished interest rate and liégcle that is used for
economic calculationsA spreadsheetan bedeveloped specifically for the analysisMPCand
ROI for most recommendation3.he spreadsheet should be created by the state and sacthat ea
cost parameter can be filled in and MRCis calculatecautomatically

The next calcwtion to be performed return on investmer{fROI). ROI is calculated by
comparing aurrent item with the recommended replacenitent; for example, comparing
existing T12 lamps with new T5 lamp$he ROI equation can be seen in Equation 5.2. The
difference in annual energy costs is divided by the difference in initial ¢osesult in a
percentage. The third and final calculation deals with payback period. The payback period
compares two items and is the inverse of return on investment. Equation 5.3 displays the
equation for calculating payback periothese are not trattbnal engineering economic
calculations since they do not take the interest rate and time value of money into account.
However, these equations serve as decision making tools, and put the economics in simple terms

that anyone can understand, includingptayees who are not engineers.

Equation 5.2 Return On Investment

ROl =g ADifference in Annual Enerqgy Costs
@ P Difference in Initial Cost

Equation 5.3 Payback Period

PaybackPeriod=g = Difference in Initial Costs
P A Di fference in Annual Energy Cos
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The process of calculating thPCandROl for replacing an incandescent lamp with a

compact fluorescent lamp is shin in Figure 5.1 as an examplds stated beforealues used in

the example were found within the 20RS Means Cost Data manuasd an interest rate of

6% anda life cycle of 20 years were assunesia result of common gesnment practices of

using a low interest rate and long product life

Incandescent Lamp, 100W Compact Fluorescent, 25W
First Cost $5.82 $7.19
Annual Maintenance $2.29 $2.29
Annual Energy $23.36 $5.84
Demolition Cost $5.00 $5.00
Net Present Cost $316.06 $116.48

Definitions/Assumptions:

First Cost: Initial Cost of Equipment for Purchasing and Installing

Annual Maintenance Cost: Annual Costs Associated with Maintenance

Annual Energy Cost Difference: Difference betweaisting cost and new annual energy cost
Demolition Cost: The cost at the end of an item's life to remove it

Salvage Cost: When an itenequires replacing, this is the value of the salvaged parts.
Electricity: Assumed rate of $0.07 kWh. Use regional applie rate.

Economic Analysis Equations: (Newman 2011)
P: Present Cost, F: Future Cost, A: Annual Cost, i: Interest Rate, n: Years
Present Cost given Future Cost: (P/F, i, n) = F* (1+i)™n

Present Cost given Annual Costs: (P/Ay)i= A *((((1+)™n)-1)/(i(1+i)"n))

Return on Investment Payback Period

Payback= @P= (Difference in Initial tem Costs)
i Period PA (bifference in Annual Costs)

ROI= A= (Difference in Annual Costs)
mpP = (Difference

Payback = gP= [5.821 7.19
Period A= (23.361 5.84)

ROI= A= (23.36i 5.84
®P  |(5:82i 7.19|

Payback = 0.08 Years
Period

ROI = 1,278.83 %

Figure 5.1 Calculations for Net Present Costs and Return on Investments

20



In order to select feasible recommendations and changstfefacilities, theNPCand
ROl values must be taken into account. Once these values are calooidterdifferent
possiblemprovementsthey must be compared to determine the best option. To better
understand what the calculated valuesizdeating there are a few guidelines to follow. The
lower theNPC, the lower the overall cost of the iteaver its lifespan. Next, the higdr theROI
value, the sooner the cost will be recovered. R value represents how long it will take to
recover the cost of replacing the current systé@ime payback period is the inverse of the ROI
and depicts howohng it will take to recover the cost in terms of yedrsreference to the
example in Figure 5.1, the CFL is a better choice since it has the lower NPC, a high ROI, and a
very low payback period.

If there are multiple options being considered, it is irtgoat to select the item with the
lowestNPCas well asighestROI. If an item does not have thest value in both calculations,
thenthe state governmemhust decide which aspect is more imporiaoterall cost or
recovering costsSome items will nbbe economically feasible and will not need to be
considered. For more examples, see Chaptdfahsas Department of Transportation Case

Study, Economic Calculations section.

21



Chapter6-1 mpr ovi ng Ener ¢y nHEfifniuail e niPa yo «

Improving the energy efficiency of state facilities is a continual procgskedting
minimum acceptable requirentsrfor energy design/operations, conducengrgy audits, and
determiningviable improvements and changes are three key steps in theuoasticycle of
maintaining an efficient facility. State governments can implement an energy efficiency process
that strives to continually improve the facilities by educating employees, maintaining an audit
cycle, documentingudits and changeand utilizng software.

State governments caenefitheavily from educating employees about energy efficiency
and the process of improving efficiency. Every employee needs to understand basic energy
efficiency procedures, such as turning off lights and equipmkeen not in use or when the
facility is unoccupied. Include employees, specifically those in supervisory positions, when
conducting audits to help educate them and encourage energy efficiency practices. State
governments should train audibnducting emioyees not only how to perform a successful
audit, but how to interact with facility occupants and teach others about energgnscerce best
practices.

State governments shouldegaluate minimum requirements every year and update
when necessary. Thpocess involves monitoring status of energy codes, as well as trends in
industry and determinations made by the DOE. The praesssibed in Gapter 2 should be
used by states to make sure the appropriate minimum requiremeimpl@m@ented If state
governmentslesire more progressive minimums can be implemen®8HRAE Standard
189.1 or LEED certification could serve as progressive minimum requirements.

Educated employees should conduct energy audits of state facilities on a routine basis.
Auditing all state facilities every year is impractical; therefore, an auditing cycle should be
established. The state should determine the appropriate number and location of facilities to be
audited each year. Each year should consist of facilities tha@esentative of all facilities,
taking nto account locations, size, and use. Every facility should be aadilegsionce every
five years. This cyclean determine any problems before they become detrimentalland
for comparison in energy uséexr changes and improvements. Utility data can help determine
which facilities to audit and when. A facility with lower utility costs can be audited to determine

good practices, whereas a facility with higher utility costs can be audited to deternfuleesro
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and areas of improvementhe same number of facilities should be audited each year, with half
being high energy consumption facilities and the other half being low energy consumption
facilities. Frequent audits allow state governmentsdotinually progress towards energy
efficiency.

Documentation and use of software allow state governments to maintain a continual
process of selectingiinimumrequirements, auditing@nd improving energy efficiency. By
documentinghe process and any dgions made, the state can establish goals and work towards
increasing efficieng and reducing utility costsGoals can include meeting a set utility bill total,
reducing energy consumption by a certain percent or in relation to the established minimum of
ASHRAE Standard 90-2010, etc.Computer pograms caibe used to monitor energy
consumption, establish goals and guidelines, and calculate utility savings and carbon $ootprint
Other computer programs can be used to monitor facilities, such as tigg Bter programit
is used to track utility use and compare multiple faciliiesied by the same entityrhe
program can also compare facilities to similar facilities owned by others that have been
submitted. Energy Star is a good program to usediphdetermine which facilities should be
audited and when. Lastly, programs and calculasarsh as those found on the Federal Energy
Management Program websitan be used to calculate anything from lighting power density to
carbon footprin{Federal Bergy Management Program, 2012)hese tools allowtate
governments to determine if minimum® anet, and establish changes godls.

In general, improving energy efficiency of state facilities is an ongoing process.
Minimum requirements must be-egaluated every year to ensuhe state is meeting federal
requirements anchdustry standards. Energy audits are continual, with facilities constantly being
audited and improvements and changes implemented. Employees must be educated and
involved in theprocess Utilization of software as well as employing a method to track and
documenenergy use is importatd implementing changes and monitoring progress towards

goals.
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Chapter7-Kansas Department of Transpoc

Case Study Introduction

The Karsas Department of Transportation served as the case study for this report. KDOT
has facilities located throughout the state of Kansas that serve as local offices as well as storage
and maintaance facilities. As a utilitgaving initiative, KDOT allowedor utility data of
facilities to be collected and analyzeahdfor selected facilities to be audited. From the audits,
changes and improvements were recommended and economic calculations were performed to
determine viable recommendations.

To beginminimum acceptable requirements for enezggsumption levels for
design/operatiosineeded to be establishe@urrently, Kansas has adopted the IECC 2006 as the
statewide commercial cog@hich accepts ASHRABtandar®0.1-2004 as an alternate
compliance pth; however, the state does not enforce the codejoesw ithave a way to govern
if the codes araotcomplied with (Department of Energy, 201)herefore, the DOE shows on
the Status of Energy Codes Map that the state of Kansas has no buildingoedlerghhere are
no establishe energy requirements for staiened or-funded facilitiesn the state of Kansas
(Department of Energy, 2012As discussed i€hapter2, ASHRAE Standard 90-2010 should
serve as the minimum as a result of state adoptol$ and requirements established by the
DOE.

After selecting ASHARE Standard 962010 as the minimum acceptaleleergy
consumption levelfor energy desigoperations, the next step is to audit facilities. The &dor
energy audit procedure fromh&@per 4 was used to audit six selected KDOT facilities. These
facilities were examined to determine recommendations for improvements. From the audit
results of the KDOT facilities, a list of improvements was developed that have the potential to
reduce energconsumption and increase efficiency in not only these six facilitiesaoube
applied to all 157 KDOT facilities. The following sections describe in detail the six facilities

visited and the audit data collected.
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Kansas Department of Transportation Facility Audits

Six KDOT facilities were auditeftom each KDOT district with Kansagith the purpose
of providing a snapshot of building conditions. The facilities were selected based on many
factors includingsimilarities in building size and usage, ajdacility, renovation timeline,
complete utility usage data, and clear and readable floor plans. By choosing facilities with
similar floor plans, the data collecteduldbe comparednore effectively and more substantive
recommendations could be madehe buildings chosen were limited to substations because 88
substations comprise 72% of the KDOT buildings, therefore allowing the data collected and
result analysis to havedigreatest potential for energgvings impact. The selectitilities

are shavn in Figure 71.
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Figure 7.1 Map of Selected KDOT Facilities

Atchison, Altamont, Belleville, Jetmore, Larned, and Russell comprised the six selected

KDOT facilities. A synopsis of each facilitgudited isorovided in the following subsections.
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The energy consumption islculated and displayed per square fiodffice space. The office
spaces are a largesrtsumer of energy year rourabmpaedto the storage areas; therefore, are
concentraté on for the analysis of energy consumption

In addition to completing the audit astimed in Chapter 4a blowerdoor test was
conducted at the KDOT facilities to identify aredsnfiltration and air leakage. A bloweloor
test is conducted by creadj a building pressure of 50 Pascal (Minneap@@®g. A 50Pascal
pressure is roughly equivalent to the pressure generated bgnp2@indblowing on the
building from all directiongMinneapolis) The blowerdoor fan creates an airflow 0@ Subic
feet per minute (CFM), whicis the most commonlysed measuref duilding airtightness and
gives a quick indication of thiotal air leakage in the building envelof¢inneapolis) The test
is not included in the audit predure since it is unlikelthatstate entitiesvill have the proper

equipment and trained personnel to administeblbwerdoortest.

Atchison

In District 1, the facilitylocatedin Atchison was audited. This facility is denoted by
KDOT as District 1, Area 1, Complex 4. THaility, built in 1957 has an office area of 4,277
square feet and a storage area of 2,980 square feet. The Atchison subarea consists of two heated
bays, four unheated bays, interior office space, a washbay, and exterior storage. Spetiécall
facility features singlgpane windows, two natural gas furnace30@allon natural gas water
heater, natural gas radiant heaters, and T12 and incandescent lamps throughou?.EigBes
and7.4 are graphs illustratoutility usage for Atchison.The bbwerdoor test resulted in an
infiltration airflow of 5592 CFM. However, the test never reached 50 Pascal and had to be run
in open configuration since the door from the office area to the bays had a ventowée bl
door test was also pulling in ailofn the bays, which was different than any of the other

facilities.
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Figure 7.2 Electricity Use for Atchison
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Figure 7.3 Natural Gas Use for Atchison
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Figure 7.4 Water Use for Atchison

Belleville

The subarea in Belleville was selected as the representative for District 2. District 2,
Area 2, Complex 59 denotes this facility. The buildiognstructed i1963,has an office area

of 4,203 square feet and a storage area of 3,027 square feet. The Belleville subarea has two
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heated bays, four unheated bays, interior office space, a washbay, and exterior storage.
Equipment in the facility consists of douiene windows, a natural gas furnaae,eightgallon
electric water heater, natural gas radiant heaters, and T8 and incandescent lamps throughout.
The facility had all windows replaced in 2006raphs showingtility usage for the Belleville
facility are Fgures7.5,7.6, and7.7. The blowerdoor test for Bellville resulted in an infiltration
airflow of 2046 CFM.
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Figure 7.5 Electricity Use for Belleville
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Figure 7.6 Natural Gas Use for Belleville
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Figure 7.7 Water Use for Belleville

Russell
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From District 3, the Russell subarea, District 3, Area 3, Complex 91, was selected. This

facility, built in 1961 has an office area of 4,138 square feet and a storage area of 2,986 square

feet. Two heated bays, four unheated bays, interior office space, a washbay, and exterior storage

make up the Russell complex. Russell featdmslepane windows, a natural gas furnace, a

29-gallon natural gas water heater, natural gas radiant heaters, and primarilyAigrGutpu)

lamps throughout. The three figur&s8, 7.9, and 7.1@epictutility use for the Russell facility.

The blowerdoor test restdd in an infiltration airflow of 2330 CFM.
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Figure 7.8 Electricity use for Russell
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Figure 7.10 Water Use for Russell
Altamont

The Altamont subarea, District 4, Area 4, Complex 137, was audited as the District 4
facility. The facility, built in 1966 and renovated in May 200@s an office area of 2,431
square feeand a storage area of 1,755 square feet. Four heated bays, two affieesra
washbay, and exterior storage make up the Altamont subarea. The facility fdatuyepane
windows packaged through the wall @onditioning units with electric haag coils a six-
gallon electric water heataratural gas radiant heatpasid T8 lamps utilized throughout.

Utility use is illustrated irFigures7.11, 7.12, and 7.13The blowerdoor for Altamont resulted
in an infiltration airflowof 1066 CFM.
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Figure 7.13Water Use for Altamont

31

=¢=2008 Data
== 2009 Data
=4=2010 Data

=¢=2008 Data
== 2009 Data
=4=2010 Data

=¢=2008 Data
=i=2009 Data
=4=2010 Data



Larned

From District 5, the Larned subarea, District 5, Area 4, Complex 130, was selected to be
audited. This facilitybuilt in 1961 has an office area of 4,024 square feet and a storage area of
3,067 square feet. Larned sulzafeatures two heated bays, four unheated bays, interior office
space, a washbay, and exterior storage. The facility alsdoldée pane windowsa natural gas
furnace a40-gallon natural gas water heategatural gas radiant heatpasd T12, T5, and
incandescent lampdJtility use is represented Figures 7.14, 7.15, and 7.18he blowerdoor

test resulted in an infiltration airfloaf 1762 CFM.
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Figure 7.15 Natural Gas Use for Larned
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Figure 7.16 Water Use Larned
Jetmore
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The Jetmore subarea, District 6, ABaComplex 218, was audited as a representafive

District 6. The facility built in 1967 has an office area of 2,501 square feet and a storage area of

1,998 square feet. Two heated bays, two unheated bays, interior office space, a washbay, and

exterior storage make up the subareagiex. Jetmoréeatures singlgpane windows, a natural

gas furnace, 40-gallon natural gas water heater, natural gas radiant heaters, and T8 and

incandescent lamps installed throughout. Graphs illustrating utility usadetfoore can be

found in Figure 7.17,7.18,and7.19. The Jetmore blowedoor test was inconclusive as a result

of equipment problems.
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Figure 7.17 Electricity Use for Jetmore
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Figure 7.18 Natural Gas Use for Jetmore
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Figure 7.19 Water Use for Jetmore

As a summay of the data collected, s@able7.1 to comparduilding features and
systems, and Table 7.2 to comparenthly average utility consumpti@mongthe six KDOT
facilities. Also, Figures 7.20, 7.25nd 7.22 displagverage utility usage from 2008 to 2010 for
all six facilities all on one graph to aid in comparisohable 7.1 illustrates the variation in
equipment at each facility used. The table also serves as a reference to determine possible causes
of high and low energy consumption. Table 7.2 is used to see the variation in utility
consumption. The table easily shows which facilities are highesbewedt. Figures 7.202
help display the peaks and low points in energy consumption and the diversity between the

facilities. The graphs can be used to find outliers that maffeetedby improvements.
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Table 7.1 Summary of Facility Characteristics for All Six KDOT Facilities

Audited KDOT Facilities

Atchison Belleville Russell Altamont Larned Jetmore
Year Built 1957 1963 1961 1966 1961 1967
Office Area 4277 sf 4203 sf 4138 sf 2431 sf 4024 sf 2501 sf
Washbay/
Storage Area 2980 sf 3027 sf 2986 sf 1755 sf 3067 sf 1998 sf
Quantity of
Heatedand
Unheated Bays | 2/4 214 214 4/0 214 2/2
Window Panes | Singlepane | Doublepane | Doublepane | Doublepane | Doublepane | Singlepane
(2) NG Electric
Heatirg/Cooling | Furnaces NG Furnace | NG Furnace | PTACs NG Furnace | NG Furnace
30-Gallon 8-Gallon 29-Gallon 6-Gallon 40-Gallon 40-Gallon
Water Heater NaturalGas | Electric NaturalGas Electric NaturalGas NaturalGas
T12, T12, T5,
Lamps Incand. T8, Incand. T5HO T8 Incand. T8, Incand.

Notes:NG = Natural Gas, PTAC = Packaged Terminal Air Conditioners

Table 7.2 M onthly Average Utility Consumption (20082010) for All Six Selected KDOT

Facilities
Audited KDOT Facilities

Atchison Belleville Russell Altamont Larned Jetmore
Electricity Average | 5 g079 | 10106 0.5025 0.7370 0.6512 0.4964
(KW/sf)
Natural Gas Averagy 5765 | 01005 0.1063 0.1332 0.0852 0.0794
(Therms/sf)
Water Average 2.0026 | 3.2351 0.8619 1.8739 2.0295 2.6767
(Gallons/sf)

Note:Values based on consumption per square feet of office space
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Average Electricity Use(kW/ft2)

Figure 7.20 Electricity Use Comparison(2010)

Average Natural Gas Use (Therms/ft2)

Figure 7.21 Natural Gas Use Comparison (2010)
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Figure 7.22 Water Use Comparison (2010)

Individual Building Summaries

Individual building summaries that follow present garar concerns for each facility,
specfically thosewith increasd energy consumption and reddagverall building efficiencyas
determined from the utility dataComplete audits for each facility, as welldigital photos, can
be found in AppendiB.

To determine the severity of incomiag, the audit team conducted a blovderor test
which depressurizebe building space to negative Pascals, allowing for outside air to be
drawn into the building through leaks in the building envelope. Infrared pictures, catalogued in
the individualbuilding summaries, were taken during the pressure test to indicate areas of
infiltrating air. Because of the colder temperatures during the audit, the infiltrating air was
colder than the inside air and can be seen as purple or blue in the thermal images

Thetablefollowing thedescriptions of each individual facility, Table 7.3, Facility
Summaryi Measured ath Recommended Values, displacual measured values for interior
lighting levels, water discharge temperas gnd room temperature settingehe table displays
individual facility measured values, plus the standard values recommended by the IESNA

Handbook, ASHRAE Standard 96201Q and the Department of Energy. The measured values
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can also be found in Appendix B with the complete facilitgitsu For convenience, the
recommended values are also displayed in TadleThefollowing subsections are intended to

document issues or specific areas that excelled for each facility.

Table 7.3 Facility Summaryd Measured and Recommended Values

Interior Lighting (fc) Water Discharge Programmed Thermostat
(Office and Storage Spaces Temperature (F) SetPoints (F)
Recommendeifalues
Office Spaces 110 68° HTG
307 50 fc 78 CLG
Recommendations from: LightiniglESNA, Water Discharge TemperatuieASHRAE
90.1, SetPointsi DOE

Atchison

The District 1, Atchisopsubarea hasany energyinefficient components. First, the
facility has singlepanewindows that arelrafty andill -fitted to the building openingsFigures
7.23 throughr.32 depictproblem areas within the building that allow outside air to infiltrate
indoors. Infrared photos depict temperature changes with colors; purple represents the lowest
temperatures and few represent the highest temperatures. These photos were taken in January

when the outdoor air wak3°F, during the blowedoor test portion of the energy audit.
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Figure 7.23 Infiltration Detection 8 Wall and Ceiling Seam

Figure 7.24 Infiltration Detection 8 Ceiling Penetration
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Figure 7.25 Infiltration Detection 8 Wall and Ceiling Seam

Figure 7.26 Infiltration Detection 8 Wall and Ceiling Seam
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Figure 7.27 Infiltration Detection 8 Wall and Ceiling Seam

Figure 7.28 Infiltration Detection 8 Supply Air Diffuser
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Figure 7.29 Infiltration Detection 8 Wall and Ceiling Seam

Figure 7.30 Infiltration Detection 8 Exterior Door
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Figure 7.31Infiltration Detection d Light Switch on Exterior Wall

Figure 7.32Infiltration Detection 8 Wall Outlet on Exterior Wall
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The fecility has an oversized 3@allon water heatewith a higher than necessary
discharge temperature of 117 degrees Fahrenkkgikimum discharge temperature from a
lavatory in a public facility, amrding to ASHRAE Standard 962010, is110 degrees
Fahrenheit andtorage temperature of the water should not exceed the intendddef§ieient
T12 and incandescent lamps are used in lighting fixtures throughout the facoiyding audit
readingsof 6.0-42.5 footcandles throughout the interior spaces. A footcandle is a unit to
describe the amount dluminance measured in a of@ot radius circle around any pointhe
footcandle values are within the recommended level &@BtbotcandleglESNA, 2011)
however, the interior lighting power density (LPD) calculated in Tables C.15 and C.16 is 1.32
WI/SF.

TheLPD for Atchison was 1.32 W/sf artde highesbf all six faglities, which
contributed to the higheshergy consumption among the six fidieis with 0.56 kWh/SF.
Controls for thdurnaceare simple, witha singletemperatureet pointhermostat and an eoff

switch. Lastly, appliances are either low Energy Star certified or not certified at all.

Belleville

Belleville subarea in Distri@ also has energy efficiency flaws. Similar to the Atchison
subarea, exterior penetrations and joints in the facility are drafty, resulting in infilisgEmin
Figures 7.33 through.Z2. These photos were taken in January when the outdoor airiias 4

during the bloweoor test portion of the energy audit.
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Figure 7.33 Infiltration Detection & Exterior Door

Figure 7.34 Infiltration Detection 8 Wall and Ceiling Seams
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Figure 7.35 Infiltration Detection 8 Bay Door

Figure 7.36 Infiltration Detection 8 Exterior Door
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Figure 7.37 Infiltration Detection & Exterior Door

Figure 7.38Infiltration Detection 8 Wall and Ceiling Seam
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Figure 7.39 Infiltration Detection 8 Wall and Ceiling Seams

Figure 7.40 Infiltration Detection 8 Exterior Door
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Figure 7.41 Infiltr ation Detectiond Light Switch on Exterior Wall

Figure 7.42 Infiltration Detection 8 Light Switch on Exterior Wall
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While the water heater at Bellevilleappropriatelysized, the discharge temperatige
too high at 141 degrees Fahrenheit. Lighting levels in the offices are very high at this facility
ranging from 85111 footcandles.The highlighting level correlates to the seconighest LPD,
calculated in TabkeC.15 and C.160or the office space of 1.245 W/SBelleville hasthe
second highest LPD, relating to the secoigthést energy consumer with 0.68/h/SF. Lastly,

appliances are low efficiency and some are not Energy Star certified

Russell

The audit of the Distric8 facility, Russell, provideknowledge of the inefficient
components of the subarea. Comparable to other facilities, the waterisag2égallon
oversizechatural gasvaterheater; howevewater discharge temperatuseappropriate at 104
degrees Harenheit Controls for thefurnacearerudimentary andid not allow for
programming.Lamps utilized in the Russell facilisgre T5s, the most energgfficient linear
fluorescent option available. To support the enef§igiency, the LPD at Russe only 0.421
W/SF and hathe lowest energy consumption with 0.231 kWh/SF. The Russell facility used
nearly three times less energy than the Atchison facility in September 2010, leading to the
conclusiorthat T5 lamps are much more energy efficient tharsi2en comparing similar
light levels. Te applianceare inefficient and lack high Energy Star certifications. Lastly, the
buildingis poorly sealednd allowdor infiltration. Figures 7.43 through.48 depictvarious
|l eaki ng poi ntenvelope Thede photbsunmerk tdkemimdary when the outdoor

air was 3°F, during the blowedoor test portion of the energy audit.
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Figure 7.43 Infiltration Detection & Electrical Outlet on Exterior Wall

Figure 7.44 Infiltration Detection 8 Windows
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Figure 7.45 Infiltration Detection & Ceiling Grid Seams

Figure 7.46 Infiltration Detection & Wall Penetrations and Seams
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Figure 7.47 Infiltration Detection & Electrical Outlet on Exterior Wall

Figure 7.48 Infiltration Detection 8 Wall and Ceiling Seams
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Altamont

The District 4 facility of Altamont was subject to issues prevalent in previousgiéecil
and districts. Firstjghting fixtures and lampprovide more than adequa#and even excessive,
light levels of 42130 footcandles. TH& lamps utilized are efficient; however, the high light
levels negate the energy savings. While the water heater is appromwizeet sixgallons the
discharge temperaturehggher thamecessarat 114 degrees Fahrenhefince Altamont
utilizes an electric water heatemergy consumptiocannot be easily comparedfszilities with
natural gas water heaters because Altamont will draw energy for lighting and water heating
throughout tle yeawith consistency Furthermore, infiltration is high in the facility due to
exterior penetrations and building joints bepaprly sealedas can beeen in Figure$.49
through7.52. These photos were taken in January when the outdoor a#fBguring the
blowerdoor test portion of the energy audithe appliances are deficient, witktle or no

Energy Star ratings.

Figure 7.49 Infiltration Detection & Exterior Door
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Figure 7.50 Infiltration Detection 8 Wall and Ceiling Grid Seams

Figure 7.51 Infiltration Detection 8 Window
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Figure 7.52 Infiltration Detection 8 Window

Larned

Larned, the subarestudiedfrom District 5, exhibiteenergy efficiency issues thiaad
prevaikdin prior audits. Like some of the other facilities investigaj¢ide water heatesi
oversizedat 48gallons The H/AC controls ae basic with no programing available. In
addition,light fixturesutilize T12 and incandescent lamps, although t&fficiency T5 lamps
are also usedUsing both inefficient and highlgfficient lamps placed Larned in the middle of
LPD valuesand energy consumption values. LPD at the facility was 0.612 W/SF and energy
consumption was 0.33 kWh/SExterior penetrations and joints leak and allow for infiltration
into thefacility. Figures?.54 through7.59illustrate areas of poor consttion, leading to
infiltration. These photos were taken in January when the outdoor air gs87ing the
blowerdoor test portion of the energy auditlso, appliances lack high Energy Statings and

are inefficient.
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Figure 7.53 Infiltration Detection & Electrical Outlet on Exterior Wall

Figure 7.54 Infiltration Detection 8 Wall Penetration and Construction

57



Figure 7.55 Infiltration Detection 8 Bay Window

Figure 7.56 Infiltration Detection 8 Wall Penetrations and Seams
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Figure 7.57 Infiltration Detection 8 Wall and Ceiling Seams

Figure 7.58 Infiltration Detection 8 Wall Construction
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Jetmore

The District 6 facility of Jetmorexhibitssimilar inefficiencies.First, the windows &
singlepane and allow for heat gain and logs seen in Figures.60 throughr.63, thefacility
also has high infiltration as a result of poorly sealed penetrations argl jbirgse photos were
taken in January when the outdoor air wa&48uring he blowerdoor test portion of the
energy audit.The water heater is oversizat40Ggallonsand the discharge temperature is too
high at 117 degrees Fahrenheit. Also, the HVAC controls are nonprogrammable and need to be
updated. ightfixtures and lamg areprimarily incandesent and inefficient, althougr8s are
also used. Much like Larned, the Jetmore facility congamefficient and efficient lamps,
allowing for a middle position in energy consumption. The LPD for Jetmore was 0.705 W/SF
and the edctric energy consumption was 8 RNVh/SF. Moreover, the appliances are not Energy

Star rated and inefficient.

Figure 7.59 Infiltration Detection & Ceiling Seams and Exterior Door
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Figure 7.60 Infiltration Detection & Electrical Outlet on Exterior Wall

| B

Figure 7.61 Infiltration Detection & Ceiling Grid Seams
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Figure 7.62 Infiltration Detection & Light Switch on Exterior Wall

Table 74 summarizes the six audited KDOT facilities and the information gathered on

the audit worksheets, which can be found in Appendix C.

Table 7.4 Facility Summaryd Measured and Recommended Values

I?:)ef;:gg I:ggtlsr][grgc)e LPD Water Discharge Programmed Thermostat
9 (W/SF) Temperature (F) SetPoints (F)
Spaces)
Facility Measured| Recommendeq Measured| Measured| Recommende( Observed/State( Recommende(
] . 72> HTG
Atchison | 6.0-42.5 1.322 117.1 70° CLG
. 11.47 o 69° HTG
Belleville 111 1.245 141.5 750 CLG
. o 68 HTG
Russell 8.67 65 Office Spaces 0.421 104.1 e 780 CLG 68 HTG
. 3071 50 fc . N/A, 78 CLG
Altamont | 4271 130 0.211 114.4 PTAC Units
. o 70° HTG
Larned 9.67 128 0.612 108.1 70° CLG
147 o 66° HTG
Jetmore 146.8 0.705 117.3 7% CLG
Note: Bolded values are above the recommended value and indicatsathat could be improved.
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Common EnergyConsumption Issues

Each KDOT facility audited had specific issues hindering energy efficiency. Many of the
facilities had similar issues thaicrease unnecessarily eggrconsumption. These included
envelope / windows, hot water heaters, lighting, anddéfigciency appliances.

First is the issue of a poor building envelpwéh specific attention to singlpane
windows, ompoorly installedvindows ill -fitting doors and envelope jointsA leaky envelope
or poorwindows cannot keeputdoorair from entering the building. Therefore, the mechanical
heating and cooling systarhave to work harder to overcontbe additionalthermal load Thus,
the equipment requires n@energy tanaintain desired space temperaturésethermal
pictures confirmed iHfitting windows and doors, along with poorly sealed wall and ceiling
joints.l nfiltration has a negative iIimpact on the
harderto maintain temperatures withthe spacend makingt nearly impossible to control
moisture

Oversized water heaters were a common problem throughout the facilities. The buildings
had largaevaterheaters when their demand was dwlyrovide hot waterottwo or three sinks.

By having an oversized water heater, excess watezated and stored which results in stapd
lossof energy. For how to calculate water heater sizing and what size is recommended for
KDOT facilities, see Table 7.5 in the SpeciRecommendations section.

The third common occurrence was use of engrgyninglamps Onethird of the
facilities utilize T12 fluorescentandtwo-thirds of the facilities utilizéncandescentsvhich
draw a lot of power for a relatively low light aut and are considered outdated technoldeyr
example, a T12 can only produce 70 lumens of lightyzet of energy, whilée oday 6 s mor e
industry-accepted lampl'5 fluorescentcan produce 100 lumens peatt. The Atchison and
Russell facilities have miilar light levels, at 6 42.5fc and 8.6 65 fc, respectively; however
lampsutilized within the buildings are T12s amttandescents in Atchison and T5s in Russell.

The facilities also have similar square footage and equipment dtaneking at Septaber, a
moderate month that most likely requiredditbeating or cooling needslectricity usage

between facilities easily depicts the excess energy required by T12s to provide the same lumen
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guantity as T5s. In September of 2010, Atchison usedKIMMSF of electricity while Russell
used 0.33 kWh/SF.

Lastly, currently installechppliancesre either not Energy Star certified, or are very low
on the rating scale. Energy Star ratings are provided on labels affixed to equipment and
appliances. Thughout the facility audits, labels were examined eatthgs often fell below the
median certification valueThese appliances includéarnaces, water heaters, refrigerators,

computers, printers, etc.

Specific Recommendations for All KDOT Facilities

After auditing the six selected facilities, a list of common recommendations was
developed. All of these options should be considered when renovating KDOT facilities or
purchasing new equipment.

The building envelope needs to undergo many changes to rexleigg/ consumption
and improve facility efficiencylt is recommended that alngle panewindows be replaced
with doublepane windows to reduce heat gains and losses. Based on TablartlT able 55
5 in ASHRAE Standard 90-2010, the shading coetfent or thermal insulating performance,
for all glass should be a maximum of 0fé0 both climate zore4A and 5Athe two climate
zones represented by the state of Kand4aximum Uvalue or the amount of heat transfer as a
result of conductiorfor all glass should be betwe8m0 and 0.55 for climate zone 4A, and
betweer0.35 and (&5 for climate zone 5Adepending omwindow constructionwood, steeletc.
(ASHRAE, 2010). Weather stpmg, seahnt and caulk should be installetiedl windows and
doors to reduce infiltration to the facility. Furthermore, caulk should also be installed around
building seams, walls, ceilingand any other exterior penetrations. Insulated doors, with a
maximum Uvalue of 0.70per Section Bf ASHRAE Standard 90-201Q should be installed
between places with substantial temperature difference to reduce heat gains and losses
(ASHRAE, 2010) Doors with vents should be replaced to limit infiltration between conditioned
spaces and the garage balscatiors of this accurrence would be exterior dopes doos

betweersemtheated shop space and office space.
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In regard to lighting, mergy-efficient lamps should replace current lamps, both interior
and exteriorunless T5s are already preseimcandescentshouldbe rgplaced with compact
fluorescents. A a guideline folinearfluorescent lamp efficiency, the following lamps are listed
in order of decreasingfficiency: TSHO, T5, T8, and then T12.inear fluorescents can also be
identified by their diameter as shownFigure 7.23.t s houl d be noted that
continuously draws power whether the lamp is on or burnt out. Therefore, if lamps are
intentionally removed or left burnt out, with the intention of saving energy, replacing the fixture
to house fewr lamps should instead be sadered. To confirm the energgaving capabilities of
linear fluorescent lamps, lamp type, light power density (LPD) measured in watts per square foot
(WI/sf), and electricity use/area measured in kilovttirs per square foqkWh/sf) were
compared. Within Appendix C, Tables C.15 and C.16 outline calculations and numerical results
for the comparison. It was fouride moreefficient lamps had a lower LERnd thereforea
lower energy use per total square foot. For exantipeeRussell facility primarily utilizes TSHO
lamps and had a LPD of 0.459 W/sf with an electricity usage of 0.140 kWh/sf. When compared
to a facility such as Atchisomhichuses T12s and incandescents, the energy savings are very
apparent. Atchison hasLPD of 0.981 W/SF and an electricity usage of 0.341 k\Mmsife
than double the values and energggesof Russell. Another energgving measure is to avoid
overlighting a building, such as the Belleville facility. &facility had a range of lighevel
readings from 88.11 footcandles, when office spaces generally requig030otcandles of
light according to the IESNA Guatbook. By reducingght levels, occupants will still remain

productive, while saving electricity usage.

T12 1-1/ 2

T8 10
5/80

Figure 7.63 Linear Fluorescent Diameter Comparison
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Lighting controls shoulédlsobe upgraded This typically occurgslight fixtures are
upgraded One option is to install occupay sensorf the office spaces to ensute lights are
turned off when the spaces are not occupied. Thandeaption is to install a timelock system
that will automatically turn lights on and off in the office areas at agdated times. This will
ensurehe lights will not be left on overnight or on the weekends. Both control options will save
energy consumption; therefoffacility managers have the ability to choose either system,
focusing on preference or financial feasibility. Facilities taelhad photocell sensors for the
exterior lighting; however, these photocells should be tested to ensure they are fullynfogctio
and calibratedand adequately controllinexterior light fixtures. Another aspect of lighting
controlsinvolvesexhaust &ns and restroofighting. Many facilities hadestroom lights directly
connected to the exhaust fan, causing excess energy usage when fan operation is not desired.
Unless local code requires the fan to be tied to the light switch, the two should lzexbpa

Programmable thermostats should be installed in all facjlares facilities with this style
of thermostat already installed need to utilize the programming fundtiamore than one
facility the programming function was available but not usBais will allow for setbacks to
reduce energy consumption when the building is unoccupied. Set points for the thermostat
during occupied times need to be established for each season to be both realistic and energy
efficient. TheDOE suggests winter tlermostat setting of 68°F and a summer setting of,78°F
with a setbacksetupof 10-15 degrees Fahrenheitunoccupied modmm order to save arouriD
percent a year on heating and cooling l§lllepartment of Energy2011). Also, alsupply
ductwork needso be sealetb minimizeleakage ASHRAE, 2010).

In addition, water heaters should be sized based on a realistic daily use, using an accepted
method fromAmerican Society of Plumbing Enginee/ SSPE) or ASHRAE Based orthe
fixtures at theKDOT facilities and based upon one public lavatory and one service sink, all
water heaters need to be capable of producing eight gallons per hour (GPH) of hot water
switch to instantaneous water heaters. Instantaneous water heaters are more energy efficient
becaus there are no starny losses attributed to hot water being generated and stored for long

periods of time Table 7.5 shows calculatisbased upon the number of lavatories and service
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sinks at a facility, then multiplies the total GPH of each fixturéheydemand factor given in
Section 50 othe ASHRAE Handbook for an office spa@e&SHRAE, 2011a) The total value

required is the value to be used to size and select the proper water heater.

Table 7.5 Hot Water-Heater Sizing

Fixtures Quantity GPH/Fix Tot GPH | Demand GPH RQD

Lavatories 1 6 6 0.3 1.8
Janitor Sin 1 20 20 0.3 6
7.8 GPH

If changing the water heater to point of use or instantaneous, any recirculation pumps
associated with the old system can be removed, allowing for additional energy saviags.
water discharge tempeuaé should be decreased to maximum of 110 degrees Fahifenheit
public-use lavatories, per ASHRA&andard0.1-201Q to reducesnergy consumption and
eliminatethe risk of scalding

Another method to ensure watansumption savings is to install effinte low-flow,
low-water consumption plumbing fixturegrom theEnergy Protection Act 2008pw ratesof
public fixturesare governed to be maximuwh1.6gallonsperflush (GPF)or water closets, 0.5
gallonsper minute (GPM)for lavatory faucets, andAGPFfor urinals. The lower the fixture
values of GPF or GPM, thmmorequantity of water consumed can be reduced and the savings on
water utilitiescan beincreased.

Lastly, appliances that aEnergyStar certified should be installed when possible to
create additional building savingEquipment needs to be Energy Startified above the

average rating whenever possible.

Economic Calculations

Energy audits of the six KDOT facilities highlighted many possible changes to improve
energy efficiacy. Recommendations includepiacing windows with doublpane windows,

sealing all penetrations in the building, replacing doors that divide spaces witeimparature
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differentials, replacing lighting fixtures and lamps to more gnefficient fixtures,utilizing

lighting controls,nstalling and utilizing programmable thermostats, sealing and insulating

ductwork, instding water heaters sized factual demand, installing lewater consumption and

low-flow plumbing fixtures, ad investing inEnergy Staicertified appliances.

By usinginformation in Tabled'.6 through 7.1lviable recommendations can be

determined. Windowshould be replaced with doubt@ane windows, either steel or aluminum
since theNPCof either type is lower than that of singfgnewindows and th@ayback periodsi

low. See Tables C.6 through C.8 in Appendix C for the detailed calculations for the windows.

Table 7.6 NPCd Windows and Doors

ltem Net Present Cost
Aluminum Windows SinglePane $14762.01
Steel Windows, Singl®ane $14686.01
Wood Windows, Singl®ane $13,599.02
Interior Metal Door $509.95
Exterior Metal Door $588.45

Table 7.7 NPC, ROI, and Payback Period Double-Pane Windows

Item

Net Present Cost

Return on Investment

Payback Period

Aluminum Windows,

DoublePane

$11,533.20

Between Singld’ane and
DoublePane: 191%

Between Singld’ane and
DoublePane: 0.52 years

SteelWindows, Double

Pane

$11,414.38

Between Singleand Double
Panes: 294%

Between Singleand
DoublePanes: 0.34 year

Wood Windows, Double

Pane

$9,021.96

Between Singleand Double
Panes: 784%

Between Singleand
DoublePanes: 0.13 year

Thermostatshould beeplaced with programmable, levoltage thermostatsnce those

items have loWNPC. The threewire thermostat has been proven to take moceirate

temperature readings and has been considered overwitavthermostat. Both thermostats

shownin Table 7.8 are programmable and will help reduce energy consumption.

Table 7.8 NPCd Thermostats

(More accurat¢ghermometer)

Item Net Present Cost
Thermostat, 2hour, Automatic $188.50
Thermostat, Lowvoltage, 3Wire

$71.50
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Linearfluorescentight fixtures need to be replaced with T5 and T8 fluorescent fixtures
and lamps.Starting in July 2010, many of the ballasts associated with Tlaslatopped being
produced and12 lamps, as of July 201@re al® being phased out of production (Green
Savings Company, 2012Y.he ROl is under two years for both itepso facilities will recover
the first costs quickly. ThEPCis similar between T5 and T8 lamps and fixtures, so either is a
viable optionfrom a financial standpointFacilities with T12 leps should upgrade to Tamps
and facilities with T8 lamps can upgrade to T5 fixtures when finances, atdwcing energy
consumption even moreDue toincreasing stringency of energy codes, it soramended that
facilities move toward utilization of T5 lamps and fixturdsis important to note thaaimps
cannot bechangedvithout at leastthanging the ballastand in many cases it may be more
advantageous teplae the entire fixture. Bllastsdeliver power tdluorescentamps andare
not interchangeabl@monglamp types Therefore, either ballasts can be exchanged or a new
fixture can be purchased. From cost analysis generated from material and labor prices from the
RS Means Cost book, it iscommended to install a completely new fixture. Ta@displays
the initial cost for one fixture replacement and illustrates that facilities should replace the fixture

as a whole, rather than tackle replacing ballasts.

Table 7.9 Fixture and Ballast Comparison

Cost of Fixture Replacement Cost of Ballast Replacement
. o Fixture, (2) Lamps 2-Lamp Ballast, (2) Lamps
Material Description and Cost $52.00 $96.10
Labor Cost to Install $57.50 $50.50
Total $109.50 $ 146.60

For light fixtures that are currently using incandescent lamps, it is recommended to trade
the | amps for compact fluorescents (CFL). The
incandescent, all owing f or nmoledinaciallywiseuAlsso,on t ha
the ROI for replacing an incandescent with a CFL is 1280%, making the upgrade a viable option
and an immediate paybapkriodwith a payback period of 0.08. Ballasts do not need to be

added because the CFLs have integral siallddepending on financials, lamps could be replaced
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immediately or as the lamp fails. The CFL lamps have very comparable light output and
therefore, could be replaced as an old lamp fails. However, to experience energy savings
immediately, existing lampshould be replaced rightvay. Replacing incandescents is also
necessary since they are being phased out of manufacturing, and by July 2014, all common types
of incandescents will no longer be available (Sylvania, 2011).

An additional energygaving measerwould be to reduce lighting levels. If upgrading
light fixtures, choose a fixture with fewer lamps to reduce energy consumptida still
maintaining adequate task lighting. IESNA recommendS®@tbotcandles within an office
environment.Another nethod applicable to duadwitched fixtures with multiple ballast&ould
be to remove a lamp from the existing fixture, making sure to disconnestirtiesponding

ballast if possible since it continuously draws power whether a lamp is present or not

Table 7.10NPC, ROI, and Payback Period Lights and Lamps

ltem Net Present Cost Return on Investment Payback Period
Fluorescent 4 $361.08 Between T12 and T8 fixture: Between T12 and T8
2-Lamp T8 (30W) ' 9.57% fixture: 10.45 years
Fluorescent 4 $351.17 Between T12 and T5 fixture: Between T12 and T5
2-Lamp T5 (28W) ' 10.36% fixture: 9.66 years
$116.48 Between Incandescent and| Betweenincandescent and
Compact Fluorescent (25W) CFL lamp: 1280% CFL lamp: 0.08 years

To help seal the building and prevent outsiddrain entering all exterior penetrations
should be sealedfrom Table 710, the recommended item would be latex caulk since it has the
lowestNPC. The ROI and payb&geriodcannot be calculated do to the infeasibility of
determining the energy saved as a result of sealihg.three sealant options are comparable in

terms ofquality and durability, sany sealanis a viable option.

Table 7.11NPC, ROI, and Payback Period Joint Sealant

Item Net Present Cost
Latex Caul king (1/ 44¢ $7.89
Latex Caul king (3/ 8¢ $8.08
Pol yurethane Caul ki $7.96
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Lastly, water heatsrshould be replaced widlix-GPH nstantaneus electricor natural
gaswater heatersFrom collected datat individual KDOT facilitiessubareduildings do not
have enough hot water demand to naat a water heatef more thareightgallons. The other
water heater options havenagative ROI because the annual costs are higher and offset the
initial savings. The facility needs to purchase a new water heater that is the same utility as the
existing one, either electric or natural gdsble 7.11 displayslPC and ROI for suggeste
water heaters compared to the typically instaB@djallon natural gas heater.alCulated values
do not include additional wiring, breaker size upgrade, or other electrical components possibly
required. The economic values for natural gas water heatere unavailable so only electric
water heaters were calculateBefore exchanging eurrent water heater for an electric option,
electrical panel size and breaker space need to be considered and availability coatues.
in the table may not indate a viable option; however, when considering the utility available at
the facility and the sizes of water heaters available, ROI and pagbaokishould be calculated

in order to make the best selection.

Table 7.12NPC, ROI, and Payback Period Water Heaters

Iltem

Net Present Cost

Return on Investment

Payback Period

Five-Gallon Electric Water Heater

$4887.83

Between 30Gallon NG
and FiveGallon

Between 30Gallon
NG andFive-Gallon

Electric: Electric:
-4% None
Between 36Gallon NG ?\%Waenednfg:l:f:
10-Gallon Electric Water Heater $7,225.36 and 10Gallon Electric: Electric:
-59% None
Between 36Gallon NG | Between 360Gallon
Six-Gallon Instantaneous Electric $3.145.83 andSix-Gallon Instant | NG and SixGallon
Water Heater ! ’ Electric: Instant Electric:
-1% 20 year/Life
Between 36Gallon NG | Between 368Gallon
10-Gallon Instantaneous Electric $5273.36 and 10Gallon Instant NG and 16Gallon

Water Heater

Electric:
-9%

InstantElectric:
None

Plumbing fixtures should be changed to law fixtures to conserve water and lower
utility bills. While calculating the ROI and payback period, it was assumed that the building is
functioning365days a year with aillvater closets receiving thirty flushes a day and every

lavatory faucet running thirty minutes a day. These assumptions reflect the Department of
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Energyds standard calculation rates. The wate
alsoinacctance to the Department of Energyods ener
changed to a local rate to determine the annual water usage cost.-Babipkys the ROI and

payback period associated with replacing a water closet and a lavatory Vdiicehe ROI

being large and the payback period being very small, only the lavatory faucet would be a

financially beneficial investment. The water closet require too large of payback periods to justify

replacing the fixturesntil the end of their life

Table 7.13 ROl and Payback Period Plumbing Fixtures

Item NPC ROI Payback Period
ExistingWater Closets: 1.6 GPF $974.48 0

Replacement Water Closet: 1.28 GPF Hibmunt | $ 1330.32 2.03% 49.14Years
Existing Lavatory Faucets: 1.5 GPM $894.92 0

Replacement Faucet: 0.5 GPM $339.84 50.29% 1.99vears

Case Study Conclusion

After conducting the six building energy auditsoeeurring problems were found and
recommendations madeheseincluded replacing singipane windows with doublpane
windows, sealing all penetrations in the building, replacinfitilhng doors, replacing lighting
fixtures and lamps to more energfficient fixtures, installing lighting controls and mechanical
controls, sealing and insulating ductwork, installing practical water heaters, installingdtar
consumption and lovflow plumbingfixtures, and using Energy Steertified appliances. By
implementing all of these changes and balancing the net preseahdasturn on investment
values, energy consumptioneschfacility can be reduced arefficiency increased.

Assuming that all appliances are functioning properly and that there are no issues that
require immediate attention, items with the highest & shortest payback should be down
first. Therefore, faucets, lamps and light fixtures, water heaters, and windows should all be
replaced when finances are available. Everything else can be updated and replaced when it
comes to the end of its life, duas furnaces.

Funding will be a main factor in determining which improvements to be made. These
improvements will vary slightly per facility due to the issues found at each. For Atchison, if
funding under $1,000 is available, the faucets should baaeghwith lowflow faucets, a

programmable thermostat should be installed, and all incandescent lamps should be replaced
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with CFLs. For funding under $5,000, all previously mentioned changes should be made, as
well as installing a properly sized water teza lf funding is between $5,000 and $10,000,
changes should include everything already staledg with all light fixtures being replaced with
higher efficiency fixtures.For any funding abovel®,000, either the furnace or windows should
be replacedh addition to the previous changes. The decision will be based on the life remaining
for each component. If the furnace is over 10 years old and the windows have been replaced in
the last five years, the furnace should be replaced, or vice versang3kaljoints and openings
of the building should occur as funding and time are availalils plan is also applicable to the
Larned and Jetmore facilities. The Belleville and Altamont facilities also have similar funding
plans. Einding under $1,0000W-flow faucetsanda programmable thermostat should be
installed, and all incandescent lamps should be replaced with OHundingis under $5,000,
al light fixtures in the office area should be replaced in addition to the previous charges
funding is between $5,000 and $10,000y aemainindight fixturesshouldbe replaced with
higher efficiency fixtures Any funding above $10,008houldeitherreplacethe furnace or
windows in addition to the previous changés with Atchison, he decisia shouldbe based on
the life remaining for each componem/hen funding and time are available, the joints and
openings of the building should be sealed. The last plan is dedicated to the Russell facility. For
funding under $1,000, the faucets and thestat should be replaced, and CFLs installed. In
addition to those changes, the water heater should be replaced with a properly sized water heater
when funding of under $5,000 is availabkeny funding above $5,000 should be used to replace
the furnaceor windows as necessary. Similar to the other facilities, sealing of joint and openings
should occur when funds and time are available.

Overall, these changes can improve the efficiency of the facilities and spend funding in
the most effective manner. \llihchanges may vary throughout the entirety of KDOT facilities,

many improvements and recommendations will remain the same.

73



Chapter8-Concl usi on

State governments must adapt and improve as utility costs rise and the building industry
shifts towards more stringeahergy codes. In order to do so, state governments must establish a
continual process of evaluating and improving facilities. This report determined a minimum
acceptable level of construction and operation for dtatded facilities, established an ege
audit procedure, and introduced methods to determine recommendations for improvements.

In order to choose possible recommendations and improvements fefustie
facilities, a baseline, or minimum set of guidelines, needed to be selected. After examining
industry-acceptednergycodes and standards, the codes adopted by other atades,
determinations of thBOE, ASHRAE Standard 90-2010 was selected to be the baseline, or
minimum acceptable requirements for construction and renovation. ASHRAE Standard 90.1
2010 applies to aBtatefundedfacilities, including both new buildingsid renovations to
existing buildings. ASHRAE Standard 92010 establishes requirements for all aspects of the
building, specifically the building envelope, HVAC system, electrical and lighting systems, and
domestic hot water system.

Once ASHRAE Standad 90.:2010 was selected as the minimum acceptable
requirements for energy, an energy audit procedure was created in order to survey and compare
existing facilities to the baselindhe comparison allows for changes and improvements to be
determined andecommendedThe NPC and the RQVerethencalculated for each
recommended change in order to determine which recommendaréoiessible.

The casestudyfeatured s&x KDOT facilities, one from each districiThese facilities were
audited using the poedurecreated Facilities selected were the subarea buildings in Atchison,
Belleville, Russell, Altamont, Larned, and Jetmore. From the data collected during the audits,
changes were recommended in order to increase the efficiency daedith Final
recommended changes included installing doplalee steel or aluminum windows, installing
programmable lowoltage thermostats, upgrading to T5 lamps and fixtures, downsizing to either
instantaneous water heaters orgatlon pointof-use smalcapaciy storage water heaters, and

caulking and sealing.
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However, it is not enough to audit facilities and make improvenwerus;the facilities
must undergo a continual process of auditing and improvemgetscting the minimum
acceptable requirements forezgy design/operations, conducting energy audits, and determining
viable improvements and changes are three crucial steps in the continuous cycleaohingin
an efficient facility. $atus of energy codes, industry trends, and DOE determinations $ieould
monitored and the minimum requirements/baseline should be reevaluated every year and updated
when necessary. rAauditing cycle should be establisiad eery facility should be audited
once every five yearsUtility data can help determine which fi#ees to audit and whenA
facility with lower utility costs can be audited to determine good practices, whereas a facility
with higher utility costs can be audited to determine problems@adedireas of improvement.

Educating employees is imperatiteethe energy efficiency of facilities. Make sure all
employees are aware of basic energy efficiency tasks, such as turning off lightsignteat|
when not in use. Auditonducting employees must be taught not only hopetéorman audit,
but how to nteract with occupants in order to obtain data as well as educatenh&mple steps
to increase energy efficiency.

Documentatioranduse of software are vital to the process of improving energy
efficiency in statdunded facilities. Documenting allovigr goals to be determined and worked
towards, as well as knowing what has been done in the past. Software programs, such as Energy
Star and even Excel spreadsheets, allow for utility data to be monit@estificationprograms,
such a2 EED, Green Globs, and ASHRAE Building Energy Quotieptovide guidelines and
ratings for facilities based on energy efficiency and sustainability. States wanting to go above
the minimums established by ASHRAE Standard 2010 can use these programs to track
progressand can achieve a rating that correlates to efficiency.

In summary, statéunded facilities must employ a continual process of selecting
minimum requirements, auditing facilities, implementing changes, and documenting and
monitoring in order to increas@ergy efficiency. The steps outlined in this report can help
statefunded facilities, as well as other mtfiicility entities, increase energy efficiency and

reduce energy consumption in the present and the future. Further research can determine the
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exact amount of savings as well as the benefits of using more progressive energy standards and
programs, such as ASHRAE Standard 189.1 or LEED.

The research and case study for this report provide a great starting point for state
governments to improve faciitefficiency; however, there are limitations. The research is
limited to simplified buildings and further research would be needed to implement the procedure
in large facilities with advanced HVAC, plumbing, and lighting systems. The KDOT case study
provided an opportunity to test the energy audit procedure and implement the cycle of increasing
energy efficiency. However, the case study had limitations. The facilities audited were small
and had simple HVAC, plumbing, and lighting systems. Audits welseapnducted in the
winter due to time and cost limitations, so an accurate model of how the building performs year
round could not be created. If time and costs were not an issue, more facilities, varying in
sophistication, would be audited throughdé year. It would also be beneficial to implement
the recommended changes in the facilities and measured and monitor the energy savings to

compare to the calculated predicted savings.
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AppendixA-Audit Procedure and Doc

Audit Procedure

Pre-Audit

1. Two weeks prior to audit, send owner survey to contact person and request to have it
returned at least two days prior to the audit

2. Update audit documents to refleéise owner survey

3. If available, use building floor plans to fill out as much of the paperwork as possible prior
to audit

4. Become amiliarwith the floor plans

5. Develop a list of questions and unknowns to ask contact person

6. Assemble all items needed file audit: flashlightdigital camerayardstick(s) thermal
camerad4-in-1 device(s)thermometer, light meter, hygrometer, and anemormneter

highlighters floor plans clipboards andwriting utensils

Audit

1. Meet with owner/representative/contact persiiscuss audit procedurand ask
guestions
2. Take a brief tour of the facility
a. Note majorbuilding equipment and attributes.
i. HVAC equipment
ii. Fans
iii. Restrooms
iv. Mechanical and electrical rooms
v. Accesdo roof/storage areas/equipment areas
3. Start with one specifimaskand work through others
4. Be sure to take notes and photos
a. HVAC

i. Note: manufacturer, type of equipment
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ii. Utility /fuel source

lii. Take photos of name plates, equipmant location

b. Roomconditions

i. Note any nonoperational lamps/fixtures

ii. Record data for eagloom

1.
2.
3.

c. Plumbing

Number of fixtures

Number of lamps

Light level at center of the room at consistent hefghé yardstick
as a standard)

Room temperature and relative humidity

Thermostat set poitior both heating and cooling

Review of thermostagprogrammed seioints

i. Record hot and cold water discharge temperatures

ii. Record hot water heater data and take photos

iii. Document all pump§.e. recirculation pumps).

d. Walk araund the structure, taking note arfy irregularities

i. Take thermal and regular photostioé exterior

e. Check electrical rooms for time clocksed to control equipment and lights.

5. Develop exit questions for the owner/representative/contact person

a. Ask about anything that was unclear

b. Ask about any equipment that was not found

c. Make sure to anger their questions, if any

PostAudit

1. Add all data to the audit documents

2. Title and save all photos for documentation and later clarification
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Instructions for Audit and How T o Use the Audit Workbook

There are many sections within the audit workbook. This-twoguide willwalk through
each section angbtewhat information should be gathered.
1. Building Information
a. Name ofbuilding
b. Address obuilding
c. Date andveather conditionat timeof audit
d. Introduceyourself to building manageand take dowihis or hemame and
number
e. Make note of the auditing team
f. Next, describe the building type in general agdbuilding function.
g. Ask owner/operator if previous audits have been performed
h. Ask owner/operatoffienergysaving measures are currently being implemented
or if there are plans for some to be initiated
i. Ask owner/operataior typical occupied hoursf the building
j.  Ask owner/operataior typical thermostat sgpoints (or gethe information from
the raom data)
k. Lastly, ask the owner/operatimr average number of occupants.
2. Room Sheet

a. For each room, fill out one of these sheets

=3

Roomname

Roomnumber (ifavailable)

a o

Thermostat? If yes, what is the temperature et at

e. Note temperature and relatitlemidity in the space

f. Lighting
i. First, describe the fixtudnaeithyddt h num
T8 lamps)

83



ii. Notewhether théballastismagnet i ¢ or el ectroni c. E
c h e c k ase the general rule thal2s usually have magneballasts
and T8/T5salwayshave electronic ballasts.
lii. Then, take the footcandle reading. Stand in the center of the room. Take
the measurement with a lightmeteBa6é 6 a b o wéontmbre f | 0o
working-plane height).
iv. Lastly, note controls for the lightedcupancy sensors, manual toggles,
etc.)
g. Equipment
i. Take inventory of all equipmetitat requires powdi.e. exhaust fan,
computer, &.).
ii. If there is an exhaust fan, is it tied to the light or does it have independent
controk?
h. Exterior Doors
i. Are there eterior doors in the space?
1. Notethe quantity, type (metal, wood, orientation), semed
condition
a. Doorconditions can be defined@s
i. Good: Door has no obvious defects and no visible
gaps when shut
ii. Fair: Door has minor defects (dents, scratches,
cracks)that do not affect operation or allow gaps
lii. Poor: Door has major defects (dents, scratches,
cracks) that prevent proper operation and results in
gaps to outside
i. Exterior Windows
i. Are there exterior windows in the space?
1. Note thequantity, type (operableumber of panes, shading,

orientation), sizeand condition
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a. Window conditions can be defined@&s
i. Good: Window has no obvious defects, no visible

gaps when shuand glazing is intact

ii. Fair: Window has minor defects (scratches, cracks)
that do not affect opation or allow gagsminor
cracks in glazing

lii. Poor: Window has major defects (scratches, cracks)
that prevent proper operation and results irsgap

outside;extensive cracks in glazing

3. Building Characteristics

a.

f.

Mostinformation will need to be takédnom a floor plan or consolidated from
individual room sheets
Note thefloor area of the building
I. Whatpercenwf the area is conditioned?
Compile total door areas and conditions
Compile total glass areas and conditions
Note construction of walls antbof.
i. If available from the plans or inspection, note the insulation

Note how the building is metered for utilities

4. HVAC Distribution System

a.
b.

First, note location of the equipment
There are multiple sections on this sheet in case there are multiplasystain
the building, but each section requires the same information
First, system type
i. Checkbox the type obystem
ii. Note maintenance of the items
iii. Record a detailed description of the systewwhsas brand, model number,

etc.;use the boxes on the righ
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iv. Then, if ductwork isised to transmit conditioned airote the condition of
the insulation and installation
v. Lastly, checkbox the type of control scheme used with the system.
5. Domestic Hot Water
a. First, checkbox the type of fuel used to heat the water
b. Next, in the box to the right, describe the water heater installed
i. Include brand, model, gallon capacity, BTUh in@rtd any other
information provided on the unit
c. Note the number of units, location of unasd if there is a recirculation loop
attacled to the water heater
d. Next, note the temperature at the heater, both entering (city water) and leaving (at
heater)

e. Hot water temperature fAat point of useo

faucets. The temper at urmoreithartl0 gegréeest of u
Fahrenheit.
f.  f availabl e, recor dranthiestalattordader heat er 0s

g. Next, answerthechedkox questi ons regar.ding the he

h. The last item is to note if hot water is used for just the public lavatandor
other building uses as well

6. Water Consumption

a. Tally the number of watemsing fixtures within the building.

b. Note the gallons/flush or gallons/minute of flow for the fixtures.

c. Next,recoorchot and col d water temppablicatures ia
restrooms

d. Lastly, ask the owner/operator if there are any periods throughout the year when
large amounts of water are used (ireigation, filling tanks, etg.

7. Specialty Equipment
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a. Note allpowerdrawing equipment within the building. The singilevay to

achieve this is to record the equipment on a Fbgrmoom basis and compile the

sheets after the audit is complete.

8. Lighting

a. For interior and exterior of the building, compile the lighting utilized throughout.

The simplest way to achieve thisdsrecord lighting information on a roehy-

room basis and compile the sheets after the audit is complete.

9. After the Audit

a.

After completing the audit, thank the owner/operator who assisted with the audit
processand make sure to take his or lsentact ifiormation in case questions
arise after you have left the audit site.
Exampleafteraudit questions:
i. LightingTi is there a preference as to what lights should be on/off?

ii. If the water temperature is high, is it required for a certain process?
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Building Information

Energy Audit On-Site Spreadsheet

Name of Institution, Building

Building #

Address (Street or P.O. Box)

City, State, Zip

Date of Audit

Time of Audit

Weather Conditions

Building Manager

Building Manager's Phone Numi

Auditing Team

Phone

Building Type and Use

Building Description / Type:

Date of Construction:

Building Use % Dedicated to this Use
[] office

[] storage

|:| Maintenance Garage

|:| Other - Shop

Original Architects, if known

Original Engineers, if known

Does the Institution have an ongoing Energy Management Prd_lare? L] No
If yes, describe program:

Any previous energy audits complet{ PYes [ | No Dates:

Name of Utilities: Electric, Gas, etc.
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Building Information

List of Energy Savings Programs or Efforts Currently Implemented:
No. Years Implemented

g s wnNE

Conservation Measures Under Consideration Prior to this Audit.

P wbdPR

What are the facilty manager's feelings towards saving energy?

Priority of Saving Energy and Money with Ulow 1 2 3 4

What are the barriers to implementing energy saving strategies?

|:| Lack of Information
|:| Lack of Funds

|:| Lack of Supportfrom Upper Management
|:| Other:
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Building Information
Building Occupancy Profile
Typical Occupied Periods:

Hours (i.e. 8am - 5pm
Sunday

Monday

Tuesday

Wednesday

Thursday

Friday
Saturday

Thermostat Set point: Daytime Heating Cooling
Nighttime Heating Cooling
Weekend Heating Cooling

Average Number of Occupants in Building:

Include a Floor Plan.

1. Look for discrepancies between plan and exsting conditions.
2. Mark locations of heating and cooling units.
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ROOM NAME:

ROOM NUMBER:

Thermostat? [Jves [ |No Setting: °F
Temperature °F
Relative Humidity %
Lighting: Ballast Footcandles Controls
All Lights On:
Equipment:
Quantity

Exhaust Fan [ ves [ ] No
Computer [Jyes [ No

Exterior Doors: [Jyes []No

Standard Doors:Quantity:

Type:

Size:

Shop Doors: Quantity:

Type:

Size:

Door Condition:
[] Good
E Fair
Poor
Door Condition:

|:| Good

E Fair
Poor

Exterior Windows: [Jyes [ ]No
Windows: Quantity:

Type:

Size:

Windows: Quantity:

Type:

Size:

Window Condition:

|:| Good

E Fair
Poor

Window Condition:

|:| Good

E Fair
Poor
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Building Characteristics

Gross Floor Area gross sf ceiling ht
gross sf ceiling ht
gross sf ceiling ht

Conditioned Floor Area Heating Only: sf

Cooling Only: sf
Heating and Cooling: sf

Number of Conditioned Floors:
Above Grade
Below Grade

===

* If multiple ceiling heights

Total Standard Door Arei sf Glass sf Door Condition:
Wood sf ] Good
Metal sf H Fair
Garage sf Poor
Total Shop Door Area sf Glass sf Door Condition:
Wood sf [ Good
Metal sf EI Fair
Garage sf Poor
Office Exterior Glass Area sf Single Panes sf Window Condition:
(Note: Operable or Fixed) Double Panes sf [ Good
H Fair
North Total Area sf Poor
Single Panes sf
Double Panes sf
South Total Area sf
Single Panes sf
Double Panes sf
East Total Area sf
Single Panes sf
Double Panes sf
West Total Area sf
Single Panes sf
Double Panes sf
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Shop Ext Glass Area sf Single Panes sf Window Condition:
(Note: Operable or Fixed) Double Panes sf [1 cood
H Fair
North Total Area sf Poor
Single Panes sf
Double Panes sf
South Total Area sf
Single Panes sf
Double Panes sf
East Total Area sf
Single Panes sf
Double Panes sf
West Total Area sf
Single Panes sf
Double Panes sf
Office Exterior Wall Ar sf [ masonry [ stucco
H Wood H Other
Concrete Unknown
Shop Ext Wall Area sf ] masonry [ stucco
H Wood H Other
Concrete Unknown
Total Roof Area sf Condition: [ cood
H Fair
Poor
Insulation Typ(Roof: N
Wel If Provided
oor: on Building
i . Plans.
Insulation Thic Roof:
Wall:
Floor:
Metering:
Is this building individually metered for electricity ? [1 Yes ] No
Is this building individually metered for natural gas / LP?[] ves 1 No
Is this building individually metered for water? [1 Yes 1 No

Describe the general building condition:
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HVAC DISTRIBUTION SYSTEM

Location of Unit(s)

SYSTEM 1
SYSTEM TYPE MAINTENANCE

Single Zone (Furnace, RTU, etc.) [ ] Good
Multi Zone (i.e. AHU) [ ] Fair

[] bual Duct ] Poor
[] variable Air Volume

[] single Duct Reheat
[] 2-Pipe Water

[] 4-Pipe Water

[] window Unit
[] Packaged Air Terminal Unit
[] unit Ventilator

] Fancoil
[] unit Heater

[] other

DUCTWORK Insulation: Good
Fair
|:| Poor
Installation{_] Good
|:| Fair
|:| Poor
CONTROLS Style:
|:| Space Thermostat
|:| Outside Temperature Sensors
|:| Time Clocks
|:| Energy Management System
|:| Auto Supply Temperature Reset

|:| Economy Cycle
[] Heat Recovery

|:| Other
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SYSTEM 2

SYSTEM TYPE MAINTENANCE
[] single Zone [] Good
[ Mutti zone ] Fair
[] bual Duct ] Poor

[] variable Air Volume

[] single Duct Reheat
[] 2-Pipe Water

[] 4-Pipe Water

] window Unit

[] unit Ventilator

[] Fancoil
[] unit Heater

[] other

CONTROLS
[] space Thermostat
|:| Outside Temperature Sensors

|:| Time Clocks
|:| Energy Management System
|:| Auto Supply Temperature Reset

|:| Economy Cycle
|:| Heat Recovery

|:| Other
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SYSTEM 3

SYSTEM TYPE MAINTENANCE
[] single Zone [] Good
[ Mutti zone ] Fair
[] pual buct ] Poor

[] variable Air Volume

[] single Duct Reheat
[] 2-Pipe Water

[] 4-Pipe Water

] window Unit
[] unit Ventilator
[]Fancoil

[] unit Heater

[] other

CONTROLS
[] space Thermostat
|:| Outside Temperature Sensors

|:| Time Clocks
|:| Energy Management System
|:| Auto Supply Temperature Reset

[] Economy cycle
|:| Heat Recovery

|:| Other
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Domestic Hot Water Heated By:

Number of Units:
General Location of Units:
Is there a re-circulation loop?

Hot Water Temperature
At Point of Use
At Heater

Temperature of City Water

Date of Water Heater
Date of Installation

Is the tank warmto the touch?

DOMESTIC HOT WATER

H Electricity
Natural Gas
] oil

|:| Steam

|:| Heat Pump

|:| Other

[1Yes []No

|:| Yes |:| No

Are pipes insulated at least 3' from heater? [ ] ves [ ] No

Any signs of leakage?
Requires maintenancez?
Is the tank wrapped?

Do obstructions prevent wrapping?

|:|Yes |:|No
|:|Yes |:|No
|:|Yes |:|No
|:|Yes |:|No

Distance from Heater to Furthest Point of Use:

Hot Water Uses Other than Lavatories:
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WATER CONSUMPTION

Fixture Type

Quantity | Gal/Flush| Gal/Min | Low-Flow? | Aerators?|

Water Closets (tank)

Water Closets (valve)

Urinals

Lavatories

Service Sinks

Showers

Electric Water Coolers

Dishwashers

Hose Bibs

Exhaust Fans tied to Lights?
HW Temperature =
CW Temperature =

|:| Yes |:| No
°F
°F

Large Water Consumption Scenarios

Irrigation - Sprinkler System
Filing Water Tanks
Other:

Time Period
Yes No of Water
Usage

Estimated
Amount
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SPECIALTY EQUIPMENT

Item

Yes / No Quantity

Refrigerators

Mini-Fridges

Freezers

Walk-In Refrigerators

Walk-In Freezers

Microwaves

Mixers

Ranges

Ovens

Dishwashers

Hoods w/ Exhaust Fans

Coffee Makers

Pop Machines

Vending Machines

Ice Makers

Space Heaters

Copiers

FaxMachines

Scanners

Printers

Printer/Fax'Scan/Copy Machines

Plotters

Compressors

Motors

Presses

Laser Cutting Machine - Independent Exhaust

Press Brake Machine

Waterjet Cutting Machine

CNC Lathe

CNC Mill

Powder Paint Curing Oven

Misc. Manual Shop Lathes/Mills

Welding Machines

Test Fixtures

Exhaust Fans (Separate from Light)

Computers

Projector / Screen
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Lighting

INTERIOR
Building Area Fixture Type # of Fixures Watts per Fixura  Avg Footcandles Ballast
EXTERIOR
Building Area Fixture Type # of Fixures Watts per Fixure  Avg Footcandles Ballast

Fixture Types:
Incandescent
Fluorescent

Mercury Vapor

High Pressure Sodium
Low Pressure Sodiurn

Metal Halide
Are lights on in unoccupied are¢ [] ves 1 No
Is the exterior lighting on during the day? [ ves I No

How are lights operated? [ ] Toggle Switches

|:| Occupancy Switches
[] Photovoltaic/Daylight Sensors

[ other
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Owner Surwvey
Building Information

Name of Institution, Building Building #
Address (Street or P.O. Box) City, State, Zip
Building Manager Building Manager's Phone Numi
Building Description / Type: Building Use % Dedicated to this Use
[] office
[] storage
[] Maintenance Garage
[] other

Date of Construction, if known:

Original Architects, if known Original Engineers, if known

Does the Institution have an ongoing Energy Management Prd_Jam&s [ | No
If yes, describe program:

List of Energy Savings Programs or Efforts Currently Implemented:
No. Years Implemented

gk wNPE

Conservation Measures Under Consideration Prior to this Audit.
1.

2.
3.
4

Any previous energy audits comple[_H¥es [] No Dates:

Name of Utility Companies: Electric, Gas, etc
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Owner Surwey
Building Information

Building Occupancy Profile

Typical Occupied Period
Hours (i.e. 8am - 5pm

Sunday

Monday

Tuesday

Wednesday

Thursday
Friday

Saturday

Thermostat Set points: Daytime Heating Cooling
Nighttime Heating Cooling
Weekend Heating Cooling

Average Number of Occupants in Building:

List Areas of Building Known to Need to Repair or Concern Areas

Large Water Consumption Scenarios

Time
Period of Estimated

Yes No Water Amount
Usage
Irrigation
Filing Water Tanks
Other:

102



Owner Surwvey

Building Information

Specialty EqQuipment

Item

Yes / No Quantity

Refrigerators

Mini-Fridges

Freezers

Walk-In Refrigerators

Walk-In Freezers

Infra-red Warmer Microwaves

Mixers

Ranges

Ovens

Frying Tables

Steam Tables

Dishwashers

Hoods w/ Exhaust Fans

Coffee Makers

Pop Machines

Vending Machines

Ice Makers

Space Heaters

Copiers

Fax Machines

Scanners

Printers

Printer/Fax/Scan/Copy Machines

Plotters

Lighting
Are lights on in unoccupied areas? [ ves [1No
Is the exterior lighting on during the dayT ] ves [1No

How are lights operated|:| Toggle Switches
] Occupancy Switches
] Photovoltaic/Daylight Sensors

|:| Other
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Tool Guide

Flashlight: Use to examine dark spaces

Camera: Take photos to document current conditions and equipment

Yardstick: Use to make sutieat all temperature and lighdvel readings are taken at the

same height

Thermal Camera: Use to take photos oftih&ding to idenify any areas where heat is
lost/gained through the envelope. Can also be used to determine if insulation is effective.
If a thermal camera is unavailable, visually check for sealing around joints and feel for

intruding air.

Fourin-OneDe vi ce ( s) : Use to measure |light | evel
floor,) and temperature and relative humidity in each space. Use with the probe to

measure temperature of cold and hot water at plumbing fixturefouf-&n-onedevice is
unavalable, use dightmeter thermometer, and hygrometer separately to note the light

level, temperature, and relative humidity.

Highlighters: Use to highlight the plans if any discrepancies are identified and to

highlight any issues on the worksheets

Plans: Use the plans to make sure all spaces are accounted for and are accurate according

to the plans.

Clipboards: Use clipboards to keep all sheets organized and provide a surface to.write on

PensandPencils: Use to document everything and fill dng &udit worksheets
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AppendixB-KDOT Audit I nformati on

Atchison: Photos and Completed Audit

Figure B.1 Lamp

Figure B.2 Typical Plumbing Fixtures

Atchisoni Audit Photos

105



Figure B.3 Light Fixture

Figure B.4 Furnace

Atchisoni Audit Photos
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A

Figure B.5 Water Heater

Figure B.6 Unit Heater

Atchisoni Audit Photos
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Figure B.7 Thermostat

Figure B.8 Second Furnace

Atchisoni Audit Photos
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Figure B.9 Outdoor Air -Condensing Unit

Atchisoni Audit Photos
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Table B.1 Completed Atchison Audit

Atchisoni Completed Audit
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