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Summary

Commercial buildings account for almost 20% of the total U.S. energy consumptidnl0% to 30% of

the energy used isommercial buildings is wasted because of improper and inefficient operéafions

While sophisticated energy management and control systems are used in large commercial buildings to
manage heating, ventilating, and air conditioning systems and compormaot,small commercial

buildings (<100,000cs ft.) do not have these systems, increasing the difficulty to properly commission,
operate and maintained these buildings. This lack of proper operation and maintenance leads to
inefficiencies, reduced lifetimef equipment, and, ultimately, higher energy costs.

The U.S. Departmentof Ene@ t I OAFAO b2NIKgSad bl idAaz2yFt [ 062N
re-tuning process tadentify energy savings opportunities and implement improvementsturRéng is a

systematic process to identify operational problem$uildings without a builithg automation system

(BAS) and correcting those problems ataust or lowcost. Over the padi years, PNNL has provided

building retuning classroom instruction and field training to more than 300 building operators,

engineers, and energy managers from more than 30 organizatdhde most of thesee-tuning

training sessions were focused on tlaege commerciabuildings in 2012,PNNLdeveloped the re

tuning training for small commercial buildings without BA®sreach a larger audience more quickly,

PNNL has developed this traime-trainer instructor manual, to help qualify more-tening cairse

trainers.

Purpose othe SmallBuilding Retuning Training Course

The purpose of this course is to help building operations staff to learn how to operate buildings more
efficiently, reduce operating cost and provide energy savings. The knowledgkiladearned through

the training will be highly valued by organizations and companies seeking to improve the performance
of their buildings.

Intended Audience fothe SmallBuilding Retuning Course

The intended audience for the building-tnening trairing includes:
1 onsite employees responsible for day-day building operations,
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1 offsite contractors (retrecommissioning agents or control vendors) hired to improve a
odzAft RAy3dQa SySNHe& STFTAOASyOe: VA=
91 people interested in entering this field, includindlege students and military veterans.
The focus is oemall(<100,000 sg. ft.) commercial buildingsr(alloffice buildingsretail stores, etg.
without building automation systems

Intended Audience for theSmallBuilding Retuning Instructors Manual

The primary audience for this instructor manual is the person who will be teaching theniag
course. In addition, community college instructors, rec@mmmissioning training providers and
building operator training providers may find value in the maaépresented in this instructor
manual as well.

Method of Instruction

The method of instruction is through classroom lecture and discussion, followed by Hoanitis
the-field training.

Lesson Goals and Objectives

The lesson goals and associated objectifiogach lesson are given at the beginning of the lesson
chapter andare summarized below:

1. Chapter 1: Understand the purposesshall buildinge-tuning, definition ofbuilding retuning
and what to expect from the runing training class

2. Chapter 2: Undestand that retuning is the process of learning a building and then making
incremental adjustments to achieve more desirable results:

a. Learn through examples that4tening works

b. ! YRSNAUGIYR GKS AYLRNIFYOS 2F tSINYyAyYy3 | 0 dzA

c. Understandi KI G AG GF1Sa GAYS (2 €SFENY | 0dzAf RAY:
3. Chapter 3: Uderstand the information needed

a. Purpose of collecting initial building information

b. Kinds of information needed
4. Chapter4: Investigation Phase: Building Wdlown

a. Purpose of a buildingrialk-down

b. List the different systems and components that need to be focused on

5. Chapters: Investigation Phase: Building Envelope



10.

11.

12.

13.

14.

15.

16.

17.

a. What to focus on when reviewing windows and doors

b. What to focus on when reviewing walls and roofs
Chapter 6: Investigation PhasHVAC Systems and Controls

a. What to focus on when reviewing packaged equipment

b. What to focus on when reviewing thermostat controls

c. Using the senses (visual, audio, feel, smell) to detect problems
Chapter 7: Investigation Phase: Lighting Systems and dentro

a. What to focus on when reviewing interior and exterior lighting
Chapter 8: Investigation Phase: Hot Water Systems and Controls

a. What to focus on when reviewing domestic and heating hot water systems
Chapter 9: Investigation Phase: Office Equipment
Chapterl0: Investigation Phase: Indoor Environmental Quality
Chapter 11: Investigation Phase: Air Distribution Systems
Chapter 12: Implementation Phase: Building Envelope

a. What to focus on when improving doors, windows, walls and roofs
Chapter 13: ImplementatioRhase: HVAC Systems and Controls

a. What to focus on when improving HVAC RTUs and controls
Chapter 14: Implementation Phase: Indoor Condition

a. What to focus on that may be impacting indoor conditions

b. What to focus on when improving indoor conditions
Chapter 15 Implementation Phase: Lighting Systems and Controls

a. What to focus on when improving lighting and controls
Chapter 16: Implementation Phase: Hot Water Systems and Controls

a. What to focus on when improving hot water systems and controls

Chapter 17: Implememation Phase: Air Distribution Systems



a. What to focus on when improving air distribution systems
18. Chapter 18:Meter Data Profile Analysis
a. How to analyze building meter data (if available)
19. Chapter 19: Documentation Phase and Calculated Savings
a. How to documenthe measures implemented and calculate savings
20. Chapter 20: Conclusions
SmallBuilding Retuning Resources

The building rduning project website has a number of useful resources and links to other resources
from which instructors and students can bentfit ¢ KS LINPBEREOG 6So0airiSQa
www.pnnl.gov/buildingretuningncludes the following réuning resources:

 themostupto-RI 4 S Ay aidNHzZOG2NRA YI ydz f 3

9 Building walkdown handouts

1 acomplete deck oPowerPoint slidesncluded in the training,

Energy Charting and Metri¢g€ CAM) User Guide and tool,

=

9 other building retuning resources, including links to relevant websites.
How to Use This Guide

Each page in the maimortion of the guide is a boxed representation of a training slide. Below the
representation are notes to the instructor and talking points to help the instructors speak to the
slide. Instructors should thoroughly familiarize themselves with this gaittéthe slidesbefore

teaching the cotse. Instructors are encouraged to customize the slides for their specific purposes.

To maximize the potential of this material, it is expected that the instructor will be teaching by
using aspecificbuilding as an exang, and that the day after the classroom training, the
instructor and students will conduct a field visit and begin tewae the building. Therefore, in
some instances instructors will need to create customized slides, especially in the fioalimg
lesson.
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Chapter 1: Introduction

INSTRUCTOBUIDANCE

TIME 20 MINUTES

MATERIALSPOWEROINTSLIDE® 1 INTRODUCTION TO CLASS
LESSONBOAL UNDERSTAND THE PURPOB THE CLASS
LEARNIN@®BJIECTIVES

1 DESCRIBE THE PURPOISEMALL BUILDINGRENING
1 DEFINE REUNING

Chapter 1




PROVIDE AN {REPTH OVERVIEW THRRETUNING METHOD
INCREASE KNOWLEDGE BKILL SETS OF BEWHEES

PREPARE FOR HANDIS FIELD TRAINING ONE OF YOUR BUILDSNG

vvyyvyy

PROVIDE AN OPPORTUNTD ASK QUESTIGN® GET CLARIFICATIIN ANY ASPECT GIE RE
TUNING PROCESS

01 INTRODUCTION TASS
Instructor Notes

f ¢KS LIJzN1}R2aS 2F (KS GNIAYAY-A@2KRSYPBAIRYV206BY RR 2 d.
0dzA f RAyYy 3 akad SWYRIY bKBapasfiNiprdvénésd IR/ RiiRZ6 YI 1S |
building and its individual systems more enesgdficient.

1 The knowledge and skills learned by anyone who seriously applies the concepts delivered in this
training will lead to job opportunities for those who gueoficient. For students who diligently
apply these concepts, there will be opportunities to find employment by organizations and
companies who recognize the value these potential employees bring.

9 For those who are already employed, this training witiide skills and capabilities that will set
them apart for promotion and/or job security where employers understand the economic value
of finding no/low cost improvements from +eining processes.

1 This training can be used by anyone who deals with sorathediumsized buildings. Besides
students or technicians, this may also include building owners or building engineers, but the
most likely users of this training are students and technicians.

1 Handson field training reenforces the classroom concept€oncepts rarely move from theory
to realworld application without repeated demonstration.

1 More background: Réuning was originally developed as part of a project funded by
Washington Statenfww.retuning.ordy. PNNL then extended training outreach beyond
Washington Stateafww.pnnl.gov/buildingretuniny

Chapter 1


http://www.retuning.org/
http://www.pnnl.gov/buildingretuning

P> ONSITE EMPLOYEES RESPBLE FOR DAILERRTIONS
P JANITORIAICUSTODIAL STAFF
P> OFFSITE CORACTORS HIRED TORKINE A BUILDISBGENERGY EFFICIENCY

P> INDIVIDUALS INTERESTE THIS FIELD ORUSY

01 INTRODUCTION TRASS
1 Might include building owners or responsible engineering staff
1 Might include retrecommissioning agents, service providersd control vendors
1 Might include community college studentssy#ar college students and military veterans

1 Retuning is and will continue to be the new frontier of building operationstuRing skills can
be developed in almost any job skill set, froostodial staff all the way to engineers.

1 As budgets reduce, resouroballenged organizations will be looking to leverage employee skill
sets in areas that improve operational efficiencies in all areas (energy reductions, reduced
occupant complaints anelxtended equipment life).

10
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SYSTEMATIC PRESS

IDENTIFY AND CORREROBLEMS
PRESCRIPTIVR®CESS

NOT RELIANT ONOMIITOREBASDATA
PACKAGED UN(RTUHVAG-OCUS

SMILAR CONCEPTS ETRECX

vVvyvy vy vVvyYYyvyy

WHOLE BUILDING ENERGD USE
(ELECTRICITY AND YASTA ANALYSIS

01 INTRODUCTION TQDASS

9 Building retuning is a systematic process to identify and correct operational problems that lead
to energy waste

1 Typically, reuning relies on data analydi®m building automation systems (Bg.S This
training is targeted toward buildings without Bé\$erefore lacking trended data.

91 Data analysis does not require or rely upon direct observation of equipment performance.
Therefore, this type of training A £ £ N |j dzA MB/ ¢ Y 2468h Solfidles¢riptive
analysis.

1 There are many types gickaged units used for heating and cooling with simple air distribution
(including rooftop units)This training focuses primarily on-ail systems. Instructonsho want
to focus on a different type will need to adjust the PowerPoint slides and this.guide

1 Air-side economizing uses unconditioned outside air to cool or heat a sPeagiems with the
economizer usually occur when dampers are broken or malfunciipoirwhen cooling is
operating when the ecammizer should be used.

1 Zonethermostats drivethe system and can have a ripple effect all the wayh®meter.

1 The meter profile shows the heartbeat of the building. It reveals modes of operation, demand,
time of use, occupied and unoccupied periods, and weekend events.

11
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P> BUILDING REUNING ISIORMALLX SYSTEMATIC PROCESEENTIFY AND CERR OPERATIONA
PROBLEMS THAT LEADENERGY WASTE

P> RETUNING FOR LARGE GEWRCIAL BUILDINGRELIANT UPCDATA FROM BUILDING
AUTOMATION SYSTEMSBIDENTIFY OPERATAORROBLEMBECAUSE MANY SMAMEDIUM
SIZED BUILDINGS DOTNHAVE THIS CAPABYLTHE PROCESS WILPBESCRIPTIVE AND NOT
RELIANT UPON DETAIMONITORED DABAD WILL USE A FOSREP APPROACH

STEPL - INITIAL DATA COLLEGN PHASE COLLECINFORMATION ABOUTETBUILDING
STEP2 - INVESTIGATION PHASEUILDING WAEROWN TO IDENTIEYHARACTERIZE THE.BING
STEP3 - IMPLEMENTATION PHASAEPPLICATION OF PRESCTIVE REUNING MEASURES

STEP4 - DOCUMENTATION PHASREPORT MEASURES BMENTED AND CALCUDNTOF ENERGY
SAVINGS

01 INTRODUCTION TRASS

1 Each of these phases will require careful documentation skills. Trainees need to have good
documentation skills, along witha@rrect technical foundation to accurately document findings,
observations and implemented changes.

1 As electronic tools are further developed or utilized, it would not be uncommon to expect
pictures, infrared thermal images, portable data logger files fteratures, power consumption,
etc.) and other electronic data to become part of this data set.

9 Other maintenanceelated issues include the condition of filters, coils, duct air leaks, door and
window sealsinsulation,building envelope integrity, and mgrother related topics wilbe
discussed oidentified as part of the réuning focus.

1 Retuning can be thought of as scalebwn retro-commissioning focused on identifying
and correcting operational problems.

12
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BUILDINGINVELOPE
HEATINGVENTILATION ANBRCONDITIONINGYSTEMS ANODNTROLS
PACKAGED AIR CONDNE®SHEAT PUMPS ANBAS FURNACES

LIGHTING ANDGHTINGONTROLS
HOT WATER

OFFICEEQUIPMENT

INDOOR ENVIRONMENTSINDITIONS

AIR DISTRIBUTION S¥8%

vV v v v v vy v VY Y

METER ROFILE

01 INTRODUCTION TQASS
1 Process equipmernis not the major focus

9 Although the focus area includes office and process equipment, specialized
(manufacturingrelated) equipment will not be a significant part of this coursenless the
instructor chooses t@dd additional materials related to specific process equipment.

1 Some of these focus areas will require that trainees, technicians and others apply caution
and pay attention to safety when collecting data, investigating or implementing changes.
Any electrfied equipment, gadired equipment, rotating equipment or high temperature
systems could causseriousinjury or death.

1 A healthy respect for all mechanical and electrical systems is at the heart of any
organization that values students or employees.

AAAAA

T hiKSNJ KITFENRA& YI& 0SS dzySELISOGSRT odzi &aK2dzZ R o
walk-down a building (roof access, laddegdalling from heights), exposed wiring, high
temperature hazards, gas leaks, rodents, snakes, spiders or any other unexpeezted ha
(natural or manmade).

1 Itis always wise to communicate with facility managers and building owners prior to
performing any bdding or system evaluation/waldown. At a minimum, they should be
aware of what you will be doing (equipment to observe andiew), so they are aware of
your plans. This is also important for your own safety in case you are hurt, and fail to
report back when you indicated you would.

13
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SVIALL-SIZEMBUILDINGS

MEDIUMSIZEMBUILDINGS
FOCUS ONOW-COST ANDIO-COST IDEAS ANIETHODS FOR SAVINNERGY
APRESCRIPTIVE APPRORC IDENTIFY ANDRRECT BUILDING OPERAAL PROBLEMS

MAYINCLUDE IDENTIFIGAYIOF OTHER OPPORMUBS THAT REQUIREESTMENT

01 INTRODUCTION TRASS

1
)l

Smalisizedbuildings aredefined as €5,000 sfand no building automation systesn

Medium-sized building aredefined as > 25,006f and generally< 100,000sf and no
buildingautomation systens.

If the student or building technicians work in a small or medaired building that does have a
building automation system, please consult with the PNNL large builditgieg training for
further training information

Examples of this include installation of lawst weatherstripping on doors, sealing exterior wall
piping penetrations, fixing pito-cells for exterior lights, thermostat adjustments or other
AAYAE LI NI 0al S& LI Réadto swilclbaljustmégrikRto edféct ndefficieny dzi f
building operations.

Care must be exercised to mitigate inadvertent impact to facilities or fasylgtems that serve
ONAGAOKE &LI OSa 2NX2A@I RPdS RSSYSR daraarzy

14
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P SVALL-SIZEECOMMERCIABUILDINGCHARACTERISTICS
P> BUILDINGS LESS TH28J000SQUAREEEH (SH
1. PERCENT OF TOTAL NERBEBOF COMMERCIALIBUNGE, 54%
2. PERCENT OF TOTAL C@RIZIABUILDING SQUARE FBGEC 22%
3. PERCENT OF TOTAL C@RIZIAL BUILDING ERERJSE 21%
P BEvEN ALO%REDUCTION INVACAND LIGHTING ENERGENSUMPTION WILL DEROG
KBTU SHYEAR OR50MBTU YR FOR A SMALL CONRZEAL BUILDING

Consumption Breakdown in kBtu/sf/year and % of Total

Computer  Miscellaneous
Use, 1.77,2%_ 6.2, 7%

Office
Equipment, ————
11,1%

Refrigeration,—7
11.72, 14%

Cooling, 6.51,
L 8%

Water Ventilation,
Heating, 6.08, 3.53,4%

O1INTRODUCTION TRASS

1 In most small commercial buildingsghting and heating systems account for 50% of the
total energy consumption.

1 In southern climate zones, cooling systems may account for more energy consumption than
heating systems.

1 Therefore, the focus should obviously be on these systems or otheroffertthe greatest
opportunities related to lowcost and necost improvements.

15
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MEDIUMSIZECOMMERCIABUILDINGOHARACTERISTICS
BUILDINGS GREATERN2A,000SQUAREEET AND UP 158),000SQUAREEET
1. PERCENT OF TOTAL NEREDF COMMERCRWILDINGE 3%
2. PERCENT OF TOTAL C@RIZIAL BUILDING SREAOOTAGEGY%
3. PERCENT OF TOTAL C@RRZIAL BUILDING ESERJSE 5%
P EVEN ALO%REDUCTION INVACAND LIGHTING ENERGONSUMPTION WILL DERO5.5
KBTU SFYEAR OR75MBTU YR FOR A MEDIUM COEIRCIAL@BLDING THAT 59),000SF IN SIZE

vy

Consumption Breakdown in kBtu/sf/year and % of

Total
Computer Use.

Miscellaneous,
Office 1.92,3% 7.45, 10%
Equipment,

064,1% T

Refrigeration,_/
5.54, 8%

Cooling, 8.1,
11%

Water Ventilation,
Heating, 6.82, 4.8, 7%

O1INTRODUCTION TRASS

1 In most medium commercial buildings, lighting and heating systems account for 49% of the

total energy consumption.

1 In southern climate zones, cooling systems may account for more energy consumption than

heating systems.

1 Therefore, thefocus should obviously be on these systems or others that offer the greatest

opportunities related to lowcost and necost improvements.

1 Processheavy (industrial or manufacturing) buildings may have a different makeup of
energy consumption, which may irapt the approach used in fining for those types of

buildings.

Chapter 1
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Chapter 2: Building Personality

INSTRUCTOBUIDANCE
TIME 30 MINUTES
MATERIALSPOWEROINT SLIDE? BUILDING PERSONALITY

LESSONGOAL UNDERSTAND THATRENING ISHE PROCESS OF LEARMBUILDING PERSONALITY
AND THEMAKING INCREMENTARIANSTMENTSO ACHIEVE MORE BRABLE RESULTS

NOTE THIS SECTION IS @AIAL FOR THE INSTROR
LEARNIN@®BJIECTIVES
1 LEARN THROUGH EXAMPTHAT REUNING WORKS
T UNDERSTAND THEPORTANCE OF LEARBNOUR BUILDISSGPERSONALITY

1 UNDERSTAND THAT IKE& TIME TO LEARNJR@UILDING PERSONALITY

02 BUILDINGPERSONALITY

Chapter 2
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ATISRE-TUNINGC BASICENERGYW ANAGEMENPRINCIPLE

>

vvyvyy

IF YOU DO®NEED ITTURN IT OFF

IF YOU DO® NEED IT AT FULLWAER TURN IT DOWN

MAKE SMART ENERGYISEXINS WHEN ADJUST IBlYSTEMS TO THELR¥EREDS

KNOW YOUR BUILDISPERSONALITHOW IT RESPONDS TOHERNAL AND EXTERN®ADY®

SAVE ENERGY WITHOWEGNHTIVEUMIPACTING OCCUPANOMEORT

02 BUILDINGPERSONALITY

This is just basic energy management.
Keep these concepts in mind through the entiretoming process.

Often overlooked in this effort is the optimization of equipment, resulting in extended
equipment life, which has a positive outcome for delay of capital equipment replacement

Saving energy while maintaining occupant comfort (or actually impgoeccupahcomfort), is
the goal when dealing with HVAC systems in sroalinediumsized buildings.

18
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P> BUILDINGS START ASLOREN

P> DESIGNE(BYPARENT)S
P BY ENGINEERS WITHBESESS INFORMATION
P FOR SOME WEATHER COMNDNSINSIDE LOAD CONDITEON
P FOR A SPECIFIC NUMBEROCCUPANTS
P> FOR A SPECIFIC SOGARN AND ORIENTATION

P> BUILT WITHCHILDHOOD YEARS
> Low BID
P TIGHT SCHEDULES

P LIMITED INSPECTIQIAINIMUM OR NO COMMIEBNING

SR
et

02 BUILDINGPERSONALITY

f a+xFfdz2S¢ SyaaAySSNAy3a 2F0iSy NBRdAzOSa RSaA3IYyI Aya
increased operating costs (including energy) over the life of the building

T a1 fdzS¢ Sy 3IAy SEBsNAuytAis n(ay ngsulNdsrrdeScode required design
components and efficiencies, resulting in less capability and value to the owner and
occupants over the life of the building (increased-ifgcle cost) in both energy and
maintenance.

1 Inthe rush b get a building constructed and occupied, design or installation problems may
0S 20SNX221SR 2N) 0NUHZAKSR | aARS® ¢tKA&a NBadz Ga
maintenance staff.

1 Configuration of heating and cooling systems may hawsen&een preerly configured
from the start of the building.

19
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BUILDINGS GROW TOTEEENAGERSUSAGECONSTANT CHAN@EEENAGE YEARS
WEATHER IMPACTS

STAFF CHANGES

CHANGES IN INTERNAIADSE.G., COMPUTERPRINTERETC

EQUIPMENT MALFUNCT®NHAT ARE NOT RIREAI

DESIGN FLAWS THAT ARE REPAIRED

vvyvyvyyvyy

QUBICAL AND WALL REE@GURATIONS WITHQWJIVING DIFFUSERSIERMOSTATS OR LIGHT
SWITCHES

v

POOR MAINTENANCE ODUEPMENT
P WORKINADAMPERSAIR BALANCE

P CONTROLS

P QLEANALTERSOLEANCOILS ANIREFRIGERANDHARGE

02 BUILDINGPERSONALITY

1 Weather impacts from high winds, rain, snow, cold or hot weather.
1 Poorly trainedpersonnelthat perpetuate problems during the life of the building

1 Changegmoving walls, reconfiguring spaces, new HVAC systems, etc.) that are not
properly designed, documented or installed perpetuate problems. This challenges
maintenance and operations personneho often resort to an operations philosophy that
has most equiment running to satisfy space requirements without really addressing the
root cause for problems.

f 5dzS (2 FdzyRAy3a OKIftSy3asSas aolyR FAR&a¢ 2y LINE
open, equipment placed in 24/7 operation mode, etc.) often is the resQlver time, the
current mode of operating the building evalsii 2 6 S02YS (KS &.laiAa 27F h
though not remotelyOt 2a4S (2 GKS a.lFaaa 2F 5Sardiyode

1 Buildings that are designed for specific usasd then used for something totally different
often encounter problems with their HYAC systems when the space use requires higher
ventilation rates or greater energy inputs (plug loads, process loads, etc.). When the space
loading is reduced, the HVAC systems may be-siz=d.

1 The control sequencegararely changed and this results in shasicling of equipment or
staff making changes to air diffusers or thermostats (or adding space heaters/space fans) in
response to oveheating or overcooling problems.

1 Operation of poorly designed or poorynderstood (complex) systems result in legacy
operations handed down to next generation O&M staff. Legacy operations become
FOOSLIWISR a2LJiAYdzYé RSAAIYSR 2LISNI GA2yas gAldK?2
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P BUILDINGS GROW TOARJLTX CURRENT CONDITIGNSULTHOOD
B HIGH ENERGY COSTS
B HIGH COMPLAINTS
B SVALL ZONES DRIVINGRGE SYSTEMS
B POOR OPERATIONS BASNOCOMPLAINT RESPENSSTEAD OF THE@EGPICTURE
-

CONTINUANCE OF POORINTENANCE

7,
o

V' s iv\;v ;"'iw,\ = !_
A= (e=e=ge

02 BUILDINGPERSONALITY

T 902y 2YAO AaadzSa T2 NJ odzi foRFAIYAT d2NDYES NEF (YK S8NJ NISKE dyt
proper maintenance, especially in older buildings.

9 Itis common to find spaces configured for mission uses that they were not designed for.
¢CKAA Ol y MNBgyidgthd-RAYé aBLIZKNT GA2Yy L AaadzSao

1 Operation of poorly designed or poorly understood (complex) systems result in legacy
operations handed dwn to next generation O&M staff. Legacy operations become
FOOSLIISR a2LJiAYdzYé RSEAAIY 2LISNI dA2yas ¢AdK?2dzi

T a/ 2YLIRNAPSEYE 2NHIFYATIFIGA2YyEd FNB NBIFIOGAGBS Ay YI
they willnevNd a NA 3K (KS aKALIDE

1 Poormaintenance is often a result of how an organization responds tapgeant failures
(quick fix bandaids) and internal missiedriven priorities.
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P LIKE CHILDREXOU NEED TO GEJ KNOW YOUR BUILGIN
P WHEN IS THE BUILDIRRULY OCCUPIED ANDAHIT REACTS TO ORBNCY CHANGES
P WHAT IS ITS PERSONKXLI

B How DOES IT ACT OBSREND TO CHANGINGERNAL CONDITIONS

B How DOES IT RESPONDWEATHER CHANGES

B WHATISITS BALANGENPT(A POINTWHERE NO HEATING @BOLING IS REQUIRED
MAINTAIN COMFORT TNE BUILDING

02 BUILDINGPERSONALITY

9 This can include weather impacts from high winds, rain, snow, cold or hot weather.

 IftheodzZAft RAy3a A& fAIKGte a200dzLIASR: 2y 6SSTSyYyRa
occupied and loaded, or with minimal HVAC and lighting)?

f LA ye2yS I NRdzyR G yAIKGIA 2N 2y 6SS1TSyRa (2

2 KFG &LISOA lodds existIMEh® Rudiding (who, what, why and when)?

T 126 R2 S RSGSNNAYS (GKS daolftlyOSe LRAydG 2F (K
cooling systems during moderate weather (only use economizer controls to ventilate the
building) can helgleterminethe building temperature responsend the balance point
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P AS WITH PEOPLEOU NEED TO GET NDW YOUR BUILDING

02 BUILDINGPERSONALITY
2Kl G Aa @2dzNJ 6dzAf RAy3dQa LISNaRz2yIlfAGeK
How does it respond to changing interranditions?

How does it respond to external weather changes?

= = =4 =4

What is its balance point, where no heating or cooling is required to maintain comfort?

9 This can include weather impacts from high winds, rain, snow, cold or hot weather.

1 Ifthebuildingid A IKGt & ¢200d2lIASRe 2y 6581 SyRa 2NJ

f L& Fye2yS | NRdzyR G yA3IKG 2N 2y 6SS|]TSYyRaA
T 2KFG &aLISOAIFE aLINRBOSaaé¢ f21Ra SEAalG Ay GK
1 It takes tme to actually learn a facility!!
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P APSYCHOLOGIST WILAIAKZE A PATIENT EARN A PERSONALIND AHEN SUGGEST GENBUT
PERSISTENT CHANGERHHAVIOR OR ENWRIENT TO HELP CHANGRAT PERSONALITY ROR
MORE ACCEPTABLE RESE TO THE ENVIR@NNM(A HAPPIERERSON

02 BUILDINGPERSONALITY

1 Personality tuning is the process of learning a building and then gently modifying its control
LI NI YSGSNE IyR aS1jdzSy0S 2F 2L NI dA2ya G2 IO
GKFLILASNE o0dzAift RAY3 gAGK f S oroccSparficdtipRintgdza I 3S |

T >*

K
y
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Continuous Commissioning is a registered trademark of the Texas Engineering Experiment Sta
Energy Systems Laboratory

COMMISSIONING
RETREOOMMISSIONINERK)
RE-COMMISSIONING

CONTINUOUSOMMISSIONIN®

02 BUILDINGPERSONALITY

1
T

Commissioning: Setting up control systems for new construction and major renovations

Retro-commissioning: Commissioning for an existing building that has never been
commissionedRCx is a systematic process for identifiegsthan-optimal performance in

I FLOAftAGEQa SEA&GAY3T SldAA LISyl YR 02y (NPt
enhancements to save energy and cost. Whereas retrofitting involves replacing outdated
equipment, RCx focuses on improving the efficientwbat is already in place

Recommissioning: Commissioning for a building that has been commissioned before

Continuous Commissioning: A continuous practice of commissioning actions for persistent
benefits.

These terms all relate to the process of settingcontrol systems to some known design
configurations and the process of verifying spbints and adding or modifying control
algorithms. But how do we know what these gmtints and configurations are? Do we get
them from engineers, buildings ownersy; through tribal knowledge from service
technicians? In most casewe get them from a combination of the three.
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> PNNLRECENTIRETUND (3) SMALLCOMMERCIAL BUILDIN®SH UPDATED CONTROL
P COLLECTED AND ANAIDYBEFORMATION

P MADE SMALINCREMENTAL CHANGEER® TIMEO OPTIMIZE PERFORIZA

02 BUILDINGPERSONALITY

1 Three 20,000 square foot buildings with almost identical footprints, floor plans and similar
city block locations with slightly different orientations and similar HVi&@ting and
envelope designs

1 PNNL staff collected mechanical printi®or plans, RTU vendor datand other information
to get to know the building before implementing any changes.

9 After analyzing the collected information, the staff and building engisdmgan
implementing incremental changes, checking and verifying the effects of each modification
(via building power metering)efore implementinghe nextchange
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P RE-COMMISSIONED UNOC@IPMODEETIGHTENED UP SCHELSYLE
P RECOMMISSIONESTARTUP AND SETBSERUENCES
P INSTALLEWIRELESS TEMPERATSIRESORS THROUGHOHH BUILDINGS

P WIDENED DEAD BANDS ONERMOSTAT HEAT®IGOOLING

02 BUILDINGPERSONALITY

1 Building emgineers complained the buildings were consuming muchenergy and
occupants complained about comfort. This process proved it COULD save energy and
reduce complaints simultaneously.

1 Reducedight and weekend runtime hours and optimized start times for morning warm up
cycles.

1 Resetaverage zone temperaterfed into thermostat, based upon wireless sensors to
provide a more true reading of multiple offices served by a single zone system.

1 This allowed fowidening oftemperaturedead bands and delayed start times.
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Figure: Weekday.oad Profiles for Before, During, and After Hening Project

The consumption in the graph is an average for each he@B8f®@ver the data collection period
(three periods in this case: before, during, and after changes were implemented).

02 BUILDINGPERSONALITY

9 This data that illustrates that reuning works (and takes time).

1 The topblue linein the graph shows the energy consumption rate for the building before
the re-tuning projectstarted.

1 The lowerred linein the graph shows the energgonsumption rate for the building after
the re-tuning projectwas completed

After re-tuning, the facility received an Energy Star rating, energy consumption was down 15 to
20%, and tenant complaints related to comfort were down 50%. Peak savings weizecein
shoulder months, which is a typical-tening finding.
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1 Ask the class if they have any questions

Chapter 2
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Chapter 3: Initial Data Collection Phase T Basic Building Info

INSTRUCTO®UIDANCE
TIME 15MINUTES
MATERIALSOWEROINT SLIDEG3 INITIAL DATA COLLETN PHASE
LESSONGOAL KNOW WHATNFORMATION YOU NEEDCOLLECT INITIALLY
LEARNIN®BJIECTIVES

I SrATE THE PURPOSECOELECTING INITIAUEDING INFORMATION

 LST THE KINDS OFORMATION YOU NEEDJQLLECT

03 RE-TUNINGSTEPS

Chapter 3
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GOLLECT INITIAL BUNG NFORMATIONDATA COLLECTIGNNITIAL PHASE
BUILDINGNVALKDOWN(INVESTIGATION PHASE
APPLICATION OF PREBTRE MEASUREBIPLEMENTATION PHASE

REPORTING GQFEASURES IMPLEMENAEID CALCULATED ENEBBVINGEDOCUMENTATION
PHASE

O3 RETUNINGSTEPS

T

Having an organized data setl\be very helpful during thenitial phase while gathering
basicbuildinginformation.

Creating an organized data set (if not already created) will aid the student, building
technician and anyone else involved in buildingwaing. Drawings, sequence of
operation(SOPYocuments,vendor manuals, and rauning information gathered over
time should all become part of the data set.

As electronic tools are further developed or utilized, it would not be uncommon to expect
pictures, infrared thermal images, portable data logger filesnperatures, power
consumption, etg) and other electronic data to become part of this data set.

Investigation Phase this will require the student or building technician to assume nothing.

This phase may be the second most diffiauéspecially for emmlyees who have a long

GSYydzNE Ay (GKS o0dzAft RAYy3Io b2 2yS glyda (G2 FAYR
building, if they are concerned that this will reflect negatively on their gasrent

performance.

Implementation Phase this may be the most difficult phase. Failure to properly
implement can result in immediate reversal and conclusion that any furtliferts are a
waste of time and money Some necost and lowcost changes can be easily implemedhte
without too much concern, but all changes should be carefully reviewed and
communicated with all affected building staff (occupants up to management) to ensure
everyone is on board.
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P DETERMINE THE CHARBRIBTICS OF THE BING AND ITS MECHBANLSYSTEMS

P GATHER INFORMATI@GELATED TOPERATIONS MAINTENANCEO&M)MANUALSEQUIPMENT
REPAIRSCOMPLAINTENERGY REORMANCEBATA OCCUPANCY SCHEDWH@ESHVACAND
LIGHTING SYSTEMS

P 9ZE AGE ANOYPE OBUILDINGAS-BUILT ANIONSTRUCTION DOCUMEMIODIFICATIONS MAD
TO THBUILDINGUSHE MISSIONCHANGES TO TIBBEILDING

O3 INITIALDATACOLLECTION

1 The purpose of this step is to determine the overall design of the building and its systems.

9 Is the building single floor or muitioor?

1 The age of the building will dictate the code requirements for envelope (windows, wall
thicknessand insulatiorvalueg, HVYAC equipmententilation andefficiency reqirements,
lighting requirements and other codmandated design requirementkat were inplace when
the building was designed and constructed. Over time, the only likely improvements would be
limited to new HVAC and lighting systems, but this should be documeMession changes and
equipment failures may have driven changes as well.

1 Document all of the information and use a format that is easy to duplicate for multiple buildings
(suggest a spreadsheet or simple informatiog sheet or something similasample attached as
an appendix to this document)

This is the first step in the builth retuning process.

Information collected will be used in the building waldwn (Investigation phase).
Information should include the following:

Size, age and type of building

Construction documents (including O&M manuals, Sequence of Opeddimments, etg.

= =/ =4 =4 =4 =4

Equipment repairs, maintenance logs, tenant complaints and changes made in response to
failures or needed improvements

=

Building occupancy schedules versus equipment operation schedules
1 Mission/use of the building

1 Metered data (if avadble)
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BUILDINANFORMATION TGOLLECT LOG ORSPREADSHE]

v vy vyv vy vy vyyy

-"Ly'f
Small/Medium-3Sized Building Re-tuning Pacenc Morthuwsst
Training: Building Information Log Example RO

Building Name and Location
Building prints and As-Built(s)

Mission or Building type

Types of HVAC equipment [ Heat
pump, gas wiDX cooling, etc.)
HWAC equipment count.
Maintenance Schedules

Age of the building

Construction or renovations
Complaint log data

Building occcupancy schedules
Meter data or billing data

BUILDINGSIZE ANGEOMETRWGE MISSION

TYPB OFHVAQGQUIPMENTHEATPUMPS SPLITSYSTEM$AS HOTWATERETC) ANDCAPACITY
LGHTINGYSTEMETIME OLOCKSOCCUPANCSENSORSMANUAL OTHER

CONTROKYSTEMS FARVACANDLIGHTINGIF ANY

SCHEDULBESORHVACANDLIGHTING SYSTEMS

MAINTENANC&EHEDULES

BUILDINGREPAIRS ORENOVATIONS

NUMBEROF OCCUPANTUMBER OBONES

METEREDATAORBILLINGATA

O3 INITIALDATACOLLECTION

1

Buildinggeometry: approximate gross square feet, number of floors, general building
shape

HVAC systes) equipment types and capacity, number of zones

Number of major types oequipment, including RTUs, lighting,rdestic hot water exhaust
fans,processequipment, etc.

Did walls go up that split an HVAC zone resulting in ductwork serving an areartbhaomger
part of the HVAC zone?
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1 Occupants:d the building mostly office space? Are there server roomkord? Are there any
food service spaces (restiaants, cafeteria or coffee shogs)

1 Schedules: Occupancy/Lighting/HVAC

9 Has the building mission changed (was a warehouse, now converted to officepace)

1 Have the HVAC systems serving the building changed or been modified to meet changing
missions, poodesigns or complaints?

1 Are therelegacy system® this building that are no longer needed or used.(smoking rooms
with dedicated exhaust fans is common in older buildings)?

1 Were renovations done, but not completed (rooftop equipment removed,dudtwork left in
place when it sbuld be capped or removed)?

1 If youhelpmanage the building, you probably have all or most of thformationat your
disposal

O3 INITIALDATACOLLECTION

1 Askif there are any questions
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Chapter 4: Investigation Phase i Building Walk-down

INSTRUCTOBUIDANCE
TIME 15MINUTES
MATERIALSPOWEROINT SLIDEG BUILDING WAEROWN INVESTIGATIONASE
LESSONBOAL KNOW WHAT BUILDINGSTEMS AND COMPONENDINVESTIGATE
LEARNIN@®BJECTIVES

1 STATE THE PURPOSEPERFORMINGBUILDINGVALK DOWN

i LUST THBIFFERENT SYSTEMB S®MPONENTS THAOU NEED TRDCUS ON

04 R=TUNINGSTEPS

Chapter 4
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BUILDINGENVELOPE
HVACSYSTEMBNDCONTROLS
LIGHTINGSYSTEMS ANGCONTROLS
HOTWATER

OFFICEEQUIPMENT
INDOOFRENVIRONMENTATONDITIONS

AIRDISTRIBUTIOSYSTEM$DUCTWORK

METERPROFILE

04 INVESTIGATIGRHASE

T

Building envelope focused orthe outside conditons of the building (window andioor seals,
pipe penetratiors, attic insulation, window andoor integrity, window shading devices, gtc

HVAC systemsany and all heating and cooling equipment. This might include any energy
saving devices that might mart of the heating and cooling systems (programmable
thermostat,variable frequency driviVFD% heat recovery systems, time clocks, economizer
controls, etc) and how well they are working. Do the HVAC systems run all the time or only as
needed ¢lo schedules match occupancy patterns)?

Lightingg Inside and outside lighting. Include the type of lighting and the lightdefeeind in

the inside andn the outside of the building. Include the type of lighting controls (manual or
automatic, photocells, te.) and whether they are working or not. Also review for areas that are
over lit and could be déamped. Are the lights off at night and on weekends (or whenever the
building is not occupied)?

Hot water ¢ any additional hot water heating that might be the building and what isst
function to the mission inside of the building. What is the temperature of the hot water and can
it be turned down at night or on weekends?

Office Equipment, break room equipment and restaurant equipmenthings that can be
turned off or have a sleep mode and equipment ing\an EnergyStar rating.

Indoor Environmenal conditionsg focused on the quality of conditions inside of the building
and layout of the buildinglhis siould includeany construction in the building.

Air distribution systems- focused orductwork, diffusers, roof curbs, etased to providgpath
for airflow into or out of the HVAC equipment.

Meter profile ¢ a valuable tool thatif availableis very helpfuivhenre-tuning and can show the
savingwhen implementing changes in a building.
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USE YOURESISEQ. OOKLISTENSMELLTOUCH
PERFORM DURING OC@EDPAND UNOCCUPIERFIDS
PERFORM DURING NIGARND WEEKEND PERIODS
PERFORM DURING THRHEG EASON

PERFORM DURING THEOCIIG SEASON

DOCUMEN;TDOCUMEN,TDOCUMENT, THE DATA WILL BE USED
DURING HEIMPLEMENTATIORHASE

04 INVESTIGATIORHASE

=A =4 =4 =9

Has the building mission changed (was a warehouse, now converted to officezpace)

Have the HVAC systemarving the building changed or been modified to meet the changing
mission?

/| 2y aiGNHzO0GA2Y 2N NBy2@lF GdA2ya NS O2yaiRSNBR

Are there legacy systemstinis building that are no longer needed or used (smokingnmeavith
dedicated exhaust fans is common in older buildings)?

Were renovations done, but not completed (rooftop equipment removed, but ductwork left in
place when it could be capped or removed)?

Did walls go up that split an HVAC zone resulting in a duktseyving an area that is no longer
part of the HVAC zone (thermostat in the wrong location or two HVAC zones serving the same
areag possibly fighting each other)?

Have manual light switches been removed or located in the wrong location (occupantsdiave n
control over office lighting)?

Are certain areas over lit?
Rotating equipment (fans, motors, pumps) making unusually loud noises?
Are the lights off at night or when the building is not occupied?

Are HVAC systems (fans, pumps, chillers, boilers) ofglat ar when not needed (or are they
activeq just in case)?

Suggest creating a log sh€ekample logs attached in appendix)
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04 INVESTIGATIORHASE

=

=A =4 =4 =4 =9

Building envelope; Camera, thermal imaging camera anffdred (IRfemperature gun

HVAC systems Tape measure, affow velocity sensor, IR temperature gun, camera, thermal
imaging camera, webulb sensor, screwdriver, wrench

Lightingg Light meter, electronic ballast detector (flicker)

Hot water ¢ Camerathermal imaging camera and IR temperature gun

Office Equipment, break room and foerklated equipmentg camera, IR temperature gun
Indoor Environmentakonditions¢ camera, IR temperature gun, tape measure

Low cost tools shown include temperature giinfrared), Light Level Meter (foot candle or lux
or both), digital cameratape measure, tools for openimgof top panels, etc

Higher cost tools might includethermal imaging camera (showi@§Q monitor (not shown)
digital manometer(not shown) airflow hood(not shown), et.

7

04 INVESTIGATIGRHASE

1 Ask if there are any questions.
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Chapter 5: Investigation Phase i Building Envelope

INSTRUCTOBUIDANCE
TIME 60 MINUTES
LESSONBOAL LEARN HOW TO WALK DRWHEOUTSIDE OF THE BUN®
MATERIALSPOWEROINT SLIDEGS BUILDING ENVELORKEESTIGATION PHASE
LEARNIN@®BJECTIVES

1 WHAT TO FOCUS ON WHERVIEWING DOORS AMINDOWS

1 WHAT TO FOCUS ON WHERYVIEWING WALLS ARDOFS

05 RETUNING STEPS

Chapter 5
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BUILDINGENVELOPRVALKDOWN DOORS ANMWINDOW

P SEALS WEAR OUT AT B@ETOM OF DOORS FIRS

O5 INVESTIGATICRHASE; BUILDINGENVELOPE

Doors ¢ prescriptive checks:

1 Check door seals along the bottom edges

Chapter 5
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BUILDINGENVELOPRVALKDOWN DOORS ANMWINDOW

P SEALS WEAR OUT ALOME VERTICAL EDGESTIOR ARE NOT EVEN INSED

O5 INVESTIGATIORHASE; BUILDINGENVELOPE

Doors ¢ prescriptive checks:
1 Check door seals along the side edges

1 Atight seal or lack of a tight seal can influence the indoor environment
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P> LOADING DOCKS OFTEWH DOORS THAT LEADTHE BUILDING IIRTEGR

05 INVESTIGATIORHASE, BUILDINGENVELOPE
Doors ¢ prescriptive checks:
1 When abuilding has a loading dock or freight delivery area, the interior doors of that
f2FRAYy3 R201 0S02YS GSEGSNRA2NEXE R22NE o0& @A NI d:
periods of time.

1 These interior doors, that become exterior doors, need to havertbeals inspected or
installed if missing (as shown in this picture).

9 Light coming from under a door or through the side gap is a tatile indicator of missing
seals.
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BUILDINGENVELOPRVALKDOWN DOORS ANMWINDOW

P ORACKED GLASS CAMBRAZARD AS WELLAABENERGY LOSS

O5 INVESTIGATIGRHASE; BUILDINGENVELOPE

Windows ¢ prescriptive checks:
1 Check forcracked window panes

1 Check for cracked, chipped or missing window glazing or caulking

Chapter 5
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P> UN-INSULATED OR POORISULATED DOORS @AMTRIBUTE TO HIGHERTING AND COOLING
COSTS

O5 INVESTIGATIORHASE; BUILDINGENVELOPE

Exterior Doos ¢ prescriptive checks:
1 Check for thermal images of poorly insulated exterior doors that may need to be replaced

1 Check foiinterior heating or cooling systems that are located just inside the door. If they
are running for significant amounts of time, this could be indicative of a poorly insulated
door or a door with poor seals that need to be repaired or replaced

1 Itis not ncommon to find dedicated wall heaters (electric or hot water) located just inside
exterior doors like these. Most of the heat from these heaters simply conducts through the
door to the outside.

1 Many solidcore doors with high insulation properties, firatings and other features
(windows, hardware, etc.) now exist on the market. If unsure of the correct door
replacement, consult with a professional.
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BUILDINGENVELOPRVALKDOWN AWNINGS ANDNINDOW SHADJ

P> USE SUN SHADBEINDS OR SIMILARNDOW TREATMENTS TEDRCE SOLAR GAIN ANBRE

O5 INVESTIGATIGRHASE; BUILDINGENVELOPE

Window shading device ¢ prescriptive checks:
1 Check for installation of awnings aiindow treatments
1 Check that they are closed to block solar glare and gain and open to receive natural light

1 Seasonal changes may mandate they be open during cold weather (to admit solar gain and
natural lighting)
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P> USEBLINDSTO REDUCE SOLAR GNP GLARE

O5 INVESTIGATIGRHASE; BUILDINGENVELOPE

Window shading device ¢ prescriptive checks:
I Che for installation ofwindow treatments
1 Check that they are closed to block solar glare and gain and open to receive natural light

1 The building on the right was able to reduce solar gains through many activities, including
aggessive use of window treatments on the southern exposures. This allowed the building
to keep the chilled water system off until ador-air temperatures were almost 76.
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P> QO.EAN ROOF AND NO BEB

O5 INVESTIGATIGRHASE; BUILDINGENVELOPE

Roofsc¢ prescriptive checks:
1 Check foraclean roof

9 Check that no debris mccumulated which could block roof drains or deteriorate the faf
reflective capabilities

1 Sunglasses and ssicreen may be needed on adequately maintained white roofs (the glare
could be blinding)!
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BUILDINGENVELOPEVALKDOWN ROOF

P Q.EAN ROOF AND NO RER

O5 INVESTIGATIGRHASE; BUILDINGENVELOPE

Roofs ¢ prescriptive checks:
9 Check foraclean roof

I Check that no debris is accumulated which cobiloick roof drains or deteriorate the roof
reflective capabilities

1 Sun glasses and sun screen may be needed on adequately maintained white roofs (the
glare could be blinding)!

1 Air-cooled equipment (as shown) may see temperatures significantly higher on dark roofs
when compared to white roofs. Darker roafgay affect equipment cooling performance
and possibly occupant comfort issues.

Chapter 5 48



P POSSIBLE BLOCKAGEMWFROSHES OR OTHERNIS

O5 INVESTIGATIGRHASE; BUILDINGENVELOPE

Exterior louvers and grifl ¢ prescriptive checks:
1 Check that trees, bushes and plants are not clogging or blocking intake louvers

1 Check that intake and exhaust louvers are not in close proximity to each other, resulting in
possible shorcircuitingof unwanted exhaust air from the building (as shown above)

1 In this case, the building design created this potential problem (exhaust air being re
entrained into the outloor-air intake), which might impact economizer operations.

9 During the buildingvalk-down, it is important to note design issues, which may be
impacting energy, equipment efficienoy occupant comfort and indoeair quality (IAQ)
issues.

1 These issues can be brought to the attention of the building owner/building manager for
further review and prioriization of capital improvements
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> FOCUS ON OUTSIDE CONDNS OF THE BUNGI
P DOOR AND WINDOW TYPE
P HOLES IN THE BUILDING

P OTHER

05 INVESTIGATIORHASE; BUILDINGENVELOPE
Windows and doorsi prescriptive checks:
1. Seals around the doors and windows.
2. Shades in the windows, and are they ugednsider seasonal effect?

A. A valuable way to help minimizée HVAC load reduce cooling in summer, but
then raise shades to provide daylight in the winter

3. Look at roHup doors also and check the ralp door seals.

4. Look for cracks in the caulking around the windows and doors and seismic joints (or missing
cauking).

5. Are the windows and doors double pane or single pane?

6. Are the windows and doors open? This could signal a problem related to heating and
cooling or ventilation. It can also be a security issue when the building is not occupied.

Holes in the building ¢ prescriptive checks:

1. Look for holes around seams (or seismic joints) in the building and around anything that
enters the building (pipe penetrations). Holes will allow for additional infiltration into the
building, which will add additional load to étheating and cooling equipment. Have there
been any problems or indication of vermin (mice or rats) entering the building?

Chapter 5 50



2.52y Qi F¥2NHSGO G2 OKSO]l NR2F&a YR NRB2F OdzND a
Insulation issueg; prescriptive checks:

1. Use atemperature gun or #rmal imaging camera and take temperature readinfjthe
walls and the ceiling. This will give you an idea of the insulation in the walls othievdof.
There should be aignificanttemperature difference between the outdooma indoor
temperatures duing summer and winter months.

2. Attics without adequate insulation should be reviewed.

3. Look for missing insulation on any piping that carries heated water, chilled water or steam.
Missing insulation will contribute to energy costs and is a-tmst fix.

Ventilation issues; prescriptive checks:

1. May not be an energy item, but can contribute to a stuffy building or a building with
unusual odors.

2. This can be a factor in a sick building.
Roof and HVAC grilles & louvegsprescriptive checks:

1. In some buildinghere may be walmounted louvers and grills for the heating and cooling
systems and exhaust systems. These louvers and grills need to be clean and free of debris.
If trees, shrubs or bushes are in close proximity to these grills and louvers, ensurédyat t
are trimmed to be far away from the grilisespecially on intakes.

2. Roof top units have intake screens at the daor-air damper location. These need to be
periodically inspected and cleaned when they get dirty.

3. White membrane roo$ need to be clean. When clean, a white roof has its best solar
reflective properties. There can be as much as 3 degrees of improvement in heat rejection
for a clean roof compared to a dirty roof.

Heat traceq prescriptive checks:

1. Should be turned off inite summer. Heat trace is generally found on water lines into the
building and on rain gutters or storm drains on the building.

2. The heat trace may come vhittemperature controls (outdoorir temperatureset point).
Ensure theset point is no higher than 48. Some controls are temperature and liquid/ice
based. Ensure they are working properly.

3. Atouch and feel method for determining if the heat trace is on (when it should not be), is
the quickest for this recommendatiomé careful not to burn yourself)

Chapter 5 51

T2



vvyyvwvyy

Focus ON OUTSIDE COMDNS OF THE BUNOI
OUTSIDE WINDOWS

WINDOWS SHOULD BE SEOF OPERABLE

WINDOWS SHOULD HAVE GBSERVABLE CRADR®AMAGE TO TH
FRAMES AND THE SE@ISGLAZING IF OLDERIDOW

O5 INVESTIGATIGRHASE; BUILDINGENVELOPE

Windows ¢ prescriptive checks:

T

The number refers to how many layers of glass each wintisy The more layers of glass, the
better insulated the window and the more it costs. In between each layer is an insulating gas.
Double pane windows are about three times as well insulated as single pane windows, and triple
pane windows are about fodimes as well insulated.

Typical cost savings for heating and cooling, when choosing ENERGY STAR ratedisindows
estimated to be $146 (Californigy501 (New England) per year when replacing stpglee
windows. Cost savings vary from region to regioross the U.S.
(http://www.energystar.gov/index.cfim?c=windows_doors.pr_benefits)

Because windows are one of the least insulated parts of a building, double panes are usually
considered the standard for a wetisulated building

Moisture inside the panemdicates a failed window (frame or seal) and may or may not be
able to be repaired (replacement is the other option if repair cannot occur).

If the building has several windows, suggest spot checking

Estimate the windowwall ratio (WWR). This is the widiaw area compared to the wall
area. The higher the ratio, the greater the impact on the building from outside ambient
conditions and greater solar gain impactdoth of which can impact HVAC sizing and
performance issues.
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O5 INVESTIGATICRHASE; BUILDINGENVELOPE

1 Because windows are one of theost poorlyinsulated parts of a building, double panes are
usually considered the standard for a wielsulated building

1 You can tell how many panes a windbas by looking at where it connects with the frame. If
there are no dividers, its single pane, if there is one divider, its double paddf trere are two
dividers, it triple pane

9 If there is condensation between the window panes, it usually meaméntiegrity of the seal
between the panes has been compromised (which usually means the insulating properties are
also diminished)

Chapter 5 53



vvyyvyyvyy

CHECK SEALS AROUNDRS AND WINDOWS

ARE SEALS MISSINGIIDORS
CRACKS IN CAULKINGGDRZING-OR WINDOWS
MISSING CAULKING GIRRZING-OR WINDOWS

MOISTURE BETWEEN WOMDPANES OR CRAGK®/INDOW PANES

O5 INVESTIGATIORHASE; BUILDINGENVELOPE

Windows and @ors¢ prescriptive checks

w

w
w
w
w

e

Check to see geals around the doors and windoase in place and irgood conditon.
Check to see door sweepsare in place and in good condition

Look at roHup doorsand check the rolup door seals

Check to see dracks in the caulkingxist around the windows and doors

Check to see the windows and doorare double pane or single pane (if single pane, should
they be replaced)

Check to see ifperable windows and doore open? This could signal a problem related to
heating and cooling or ventilation (and could also be a security/theft issue and provide &zces
wildlife).

Check to see dny window panesare cracked (for doublgpane windows, this means the
insulation value is lost)

Check to see dny doublepane windowsare showing signs of broken seals between games
(moisture between panes)

Check forcracks in caulking/glazing around windows and doors and seismic joints
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P OPERABLE SHADES SHCRE USED CORRECTLY
P REPLACE OR ADD SHADESVINDOWS THAT AREBSING THEM

P> IS THE GOAL FOR DIGHITING OR FOR MANNG SOLAR GA(®R BOT)?

O5 INVESTIGATIORHASHE; BUILDINGENVELOPE

Windows andDoor Shadeg; prescriptive checks

w Are shade devices locatéd the windows? Check to sedliey are used?Consider seasonal
effects

w Shades are galuable way to help minimize the HVAC lga@duce cooling in summer.

w Check to see Bhadesare opento provide daylight in the winter anithcrease solar gain
(northern/cold climate zones). This assumes that lights are automatically or manually kept off
when not needed.

w During summer peak cooling loads, operable shades are a significant means to r@duteat
gain. Check to sed bccupants leave their window shades open, are they turning their lights off
(natural daylight)? If ngthe facilitymay encounteladditional costs for cooling via solar heat
gain and for lighting with lamps and ballast.

w Check to see ithe windowsare double pane or single pane?

Check to see if theperable windows and doorre open? This could signal a problem related
to heating cooling or ventilation (and could also be a security/theft issue).
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BUILDINGENVELOPRVALKDOWN UNSEALEPENETRATIONS THEENVELOR

P> BUILDING SEISMIC JOS\PIPING PENETRATIQNSGACHOLES
P> INDICATIONS OF INFRATION GBUTSIDRIR DUST

P> INDICATIONS OF VERMMTERING THE BUILGIN

O5 INVESTIGATICRHASE; BUILDINGENVELOPE

Holes in the Building; prescriptive checks

w Look for holes around seams in the building and around anything that enters the building (pipe
penetrations). Holes will allow for additional infiltration into the building, which will add
additional load to the heating and cooling equipmehtave there ken any problems or
indication of vermin (mice or rats) entering the building? Cafeterias or sources of food that are
being contaminated should be evaluated with thignind. What aboutinwanted insects?

Typical pipe penetrations that one should reviemmight encounter include the following:

w Firesprinkler piping, natural gaspiping, electricalconduits, water linesand abandoned piping,
check for gaps, missing caulking, etc.

w Outlets andother electrical fixtureon the outside of the building check formissingseals etc.
New fcurity cameras and related equipmentheck formissingweather sead and/or caulking
Un-heated parking garages under buildings or buildings with overhatigs occupied spaces
direct @ 162@S YI& 0SS SyO2dzyiSNAy3a aSyoSti@®LIS¢é NBf |
missing insulation gpoor insulaion.

w Frozen water lines inside a building are often an indicator of a compromised envelope, negative
building pressurization condition d@oth.
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GUTTERS AND EXPOSEPIN®G WITH HEAT TREACONFIGURED PRORRBRL

O5 INVESTIGATIORHASE; BUILDINGENVELOPE

Heat Traceg prescriptive checks

w

Heat trace is generally found on water lines into the building and on gutters or storm drains on
the buildingand should be turned off in the summer (automatically or via seasonal PM)

The heat trace may come witemperature controls (outdoorir temperatureset point).
Ensure the set point is no higher than’B0 Some controls are temperature and liquid/ice
based. Ensure they are working properly.

A touch and feel method for determining if the heat trace is on (when it should not be) is the
quickest for this recommendation (be careful!) or use an infrared camera to validate during
warmer weather.

w These can®overlooked plug loads that could be better managed.

Check for heat trace on when not needed (this image is orfla d@y and the heat trace serves
a downspout for a rain gutter system)

Heat trace can be on, even in the summandeasily overlooked

Che for other plug loads on the exteriof the building that might be legacy or left over from
other activities (lighting, construction, etc.)
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BUILDING STRUCTURSUNATING INTEGRITY
WALLSDOORSCEILINGE
PIPING INSULATION ORMESTIC HOT WATHRATINGVATERSTEAM OR CHILLED WRTINES

PIPING INSULATION ®XCOOLING SYSTEM LMES

O5 INVESTIGATIORHASHE; BUILDINGENVELOPE

Insulation ¢ prescriptive check

Use a temperature gun or thermal imaging camera and take temperaturengadif the walls, ceilings
and exterior doors.This will give you an idea thfe insulation inegrity of the structuresYou need to
have a good temperature difference between the outdoor and indoor temperdira good thermal
analysis.

w

Checlfor missing insulation on any piping that carries heated water, chilled water, steam
condensate or steam. Missing insulation will contribute to energy costs and is@kiix.

Check for n-heatedparkinggarages under buildings or buildings with ovanigysg the occupied
spaces directly above éise spaceshould be checked.

Check bt water, chilled water, steam, and condensate lifi@smissing insulatin.

Often, construction or maintenance related activities (or both) result in the removal of
insulation from piping and wall/attic spaces. In many instances, it is not uncommon to find that
insulation that was removed was never replaced.

Asbestos containing material (ACM) is commonly found in older buildings or older insulating
systems. If the building isuspected of having ACM in the piping or other building insulation
systems, it is recommended that students be instructed to have their responsible safety
organization inspect and approve any activity prior to disturbing areas with possible ACM.

Check rd-up and exterior door$or missing or poor insulating propertie€xterior doors are

2FT0SY &a2dzNOSa 2F aA3ayAFAOIY(d KSIFG 3IFLAyktz2aasSa
low-cost effort. If the door needs to be replaced because of adeilnre, the added cost for an

AyadzZ I GSR R22NJ aK2dzZ R 0 S| AORRE ANKSINGSIRO 2YWSWI @ JdzNA d.
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P> IS THE ROOF WHPTE
P> IS THRROOF CLEAN OF DEBRIS

P AWHITEMEMBRANE ROOF NEEDSBE CLEAN TO HAWE BEST PERRMANCE

O5 INVESTIGATIORHASEC BUILDINGENVELOPE

Roof¢ prescriptive checks

1 Check that the roof is clean. \ltlnmembrane roof needs to be clean be most efficient
There can be as much as 3 degrees of improvement in heat rejection versus a dirty roof.

1 Check attics for adequate insulation.

1 Check that debris is removed from the roof periodically. Rain and snowatalyain properly
if roof drains are clogged with leaves or needles and dirt. This can result in water finding a path
into the roof causing further damage to the roofing materials (mold, reduced insulation
properties, etc).
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IS THEATTIC ORRAWLSPACE PROPERLY UENEEZ
IS INSULATION MISSIQB DAMAGED

ARE THERE LEGACY EM$TA/ENTS OR FANTEXSS THAT NEED BE REMOVED OR PR

O5 INVESTIGATIORHASE; BUILDINGENVELOPE

Attic and crawl spaceg prescriptive checks

1
1

Check for attics without adequate insulation
Check for insulation that has dropped or fallen ouplafce in attics (this is a common problem).

Check for louvers and grills for the attic and/or crawl spaces. These louvers and grills need to be
clean and free of debris. They should have trees and bushes trimmed away from the louvers and
grills.

Check fomttic spaces with powered exhaust fans. They should be verified to activate from a
thermostat control (generally set to activate when the attic space temperature is %F100
backdraft dampers are part of the exhaust fan design, they should beedefifiosed when the
exhaust fan is off, open when the exhaust fan is on).

Check that crawl spaces (generally in cold climate zones) with vents are sealed to prevent
excessively cold air from infiltrating under the building, where water lines, ductworther o
un-insulated systems may be located. Check with your local utility provider to see if this is a
recommended activity for your climate zone, in the winter or as part ofvgreerization

actions. In the spring, these vents should be opened back up.

A

L
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Attics can be very hot in the summer and may require protection (dust masg, etc
Crawl spaces may also have similar concerns due totsmieesmall rodents

Abandoned or disconnected equipment (exhaust fans, ductwork) and failed insulation
(insulation which has fallen from roof or floor joist spaces,.)ei® not uncommon to find in
these spaces
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1 Ask if there are any questions

Chapter 5
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Chapter 6: Investigation Phase: HVAC Systems and Controls

INSTRUCTOBUIDANCE
TIME 60 MINUTES
LESSONGOAL LEARN HOW TO WALK DOWHEHVACGSYSTEMS OF A BUIL®IN
MATERIALSOWEROINT SLIDEGE HVACGSYSTEMS AND CONTRBVESTIGATION PHASE
LEARNIN@®BJIECTIVES
T WHAT TO FOCUS ON WHERVIEWING PACKAGEWPMENTROOFTOP UNITS ETC
T WHAT TO FOCUS ON WHERYIEWING THERMOSTAONTROLS

1 USING THE SENSESSUA|AUDIQ FEEL.SMEL). TO DETECT PROBLEMS

06 RETUNING STEPS

Chapter 6
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P SVALL MEDIUMSIZED BUDINGS TYPICALLWHARACKAGED ATRNDITIONERS WITHSGAJRNACES
OR HEAT PUMPS WITIHHER A GAS FURNAEEAUXILIARY ELECTRIRIP HEATING

P MANY OF THESE UNIREAOT PROPERLY MAINED

P> PACKAGED UNITS ARBITALLY CONTROLLEMRLL
MOUNTEO HERMOSTATS WITH YING FUNCTIONALITY

P SVALL MEDIUMSIZED BUILDINGS TYRILY HAVE
PACKAGED AIR CONDNERS WITH GAS FURES OR HEAT PUMPSMVEITHER GAS FURBAR
AUXILIARY ELECTRIRIB HEATING

06 INVESTIGATIORHASE;, BUILDINGVALKDOWNHVACSYSTEMS
GasFired Equipment; prescriptive checks
1 Verify that the combustiorair intake is properly configured with no blockages.

1 Verify that the gas pressure regulator is set correctly.
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COUNT TH NUMBER AND TYPEHOFAGJINITS AND CAPACITRIG
SPLIT OR PACKAGEDTHRI
AIRCONDITIONERS WITAS HEAT OREATPUMPS WITHLECTRIBEAT?

MISSINGCOMPONENTEDOOR PANELS MISSING

vvyvyyvyy

LEVEL OMAINTENANCE

06 INVESTIGATIORHASE;, BUILDINGNVALKDOWNHVACSYSTEMS
HVAC Systemes prescriptive checks

1 While counting the HVAC systemits, checkhow many serve the perimeter spaces of the
building and howmany serve thénterior spaces. Later, when asking the occupants for
indications of complaints, their location (perimeter or interior space) will be relevant to the
units noted.

1 Check plit systansthat have he condenser coiloutdoor unit) remotely located from the
indoor fan and evaporator section. The outdoor unit will either be on the roof or located
at ground level.Ensure all coils are clean, the piping is secure and the outdoor fan is
working correctly

1 Check to see ithe gas isolaon valveis turned on for gasfired heating systems

9 Ifthereisan outside thermostat that locks out the gasauxiliaryelectricheating check |
to see what temperatureit isset at? It shouldbesetd@t KS @Sy R2NDN& NBEO2YYSyl
point to allow the compressor heat to be used for maximum energy efficiency.

1 Check to see ithe economizerdampersare setat their minimum paition when not
economizing.Calculate the outdooair fraction (OAF)y taking (3Xemperature readings
to validate that the minimum damper position control is working properly. This includes
the return-air temperature (RAT)nixed-air temperature (RAT) andutdoor-air
temperature (OAT)

1 The equation for this is as follows: [(RMRAT)/ (RATFOAT)] * 100. For example, if the
temperatures recorded are: RAT = 72, MAT aB0O0AT = 40, the equation would be [(72
60) / (7240)] * 100 = [12/32] * 100 = 37.5% open. Normally, minimum damper settings
would not be more than 1%to 20% open. Mis might indicate the HVAC urn# over
ventilating when the damper is at its minimum setting asih need of some adjustment.
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1 Check for nssing components includg condenser fans, belts, panel doors, dampers,
actuators, etc.

1 Poor maintenance can hiaedicated by signs of oil on refrigerant piping connections at coils
and compressors (indicating refrigerant leakage), loud humming or vibration from rotating
equipment and other equipment degradation visual and audible indicators.
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Economizers |

Refrigerant charge |

Low airflow |

Cycling fans during |
occupied period

Fans run during
unoccupied period

Simultaneous heating
and cooling

unit

No outside air intake at :l
0

10% 20% 40% 50% 60% 70%
PERCENOCCURRENCE

P BECONOMIZERROBLEMS 70%0F THE TIME

06 INVESTIGATICRHASE;, BUILDINGVALKDOWNHVACSYSTEMS
HVACSystems prescriptive checks

A New Buildings InstitutéPIER project identified a number of problems with HVAC systems as
they are installed and operated in the field.

1 Checks for pblemsshould include looking faoroken economizers, improper refrigerant
charge, fans running during unoccupied periods, fans cycling on and off with a call for
heating and cooling rather than providing continuous ventilationdairing occupied
periods,low airflow, inadequate ventiltion air, and simultaneous heating and cooling.

1 If low airflow is observedcheck fordirty filters, dirty intake screensglirty coils, slipping
belts, weak notors, or other mechanical problesn

1 Checks for design problems should also be observednamned. Design problems can
include undersized ductwork, undesized capacity, installed equipment without access
doors for maintenance or poorly located access doors. It can also include walls that have
been moved, resulting in improper airflow or zogirssues.
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LOOKING FOR PROBLEMASUALLY INSPECTANG PARTS OF THETURIONE WAY TO FRRDBLEMS
WITH THE UNIT DURIMBINTENANCE

FEELING FOR PROBLEMEELING FOR ARAKS IS ANOTHER WA YIND PROBLEMSMVATUNIT DURING
MAINTENANCE

LISTENING FOR PROBEEMSTEN FOR UNUSUBIIES LIKE THUMPSBARGINGCOULD BE SIGNS OF
PROBLEM WITH A FAR OTHER ROTATING ME&NGICAL AND ELECARICOMPONENTS

SMELLING FOR PREBISC IF A WIRE OR COMPGINIEBURNS OUT THERBEIALLY IS A BURNESMIN THE
COMPARTMENT OF THETJOR AN OCCUPANT OE BWILDING WILL DMEJU KNOW THAT THENEBED A
BURNING SMELL IN MHEHNTS

USE OF OUR SENSES RSOL FOR TROUBIESHNG CAN HEDISCOVERROBLEMS

MOST PROBLEMS FOYRR PREVENTHIURING MAINTENANCEEADISCOVERED VISYAL

06 INVESTIGATIGRHASE; BUILDINGNALKDOWNHVACSYSTEMS

HVAC Systemes prescriptive checks

w
w
w
w

Look(most problems found with good visual inspection)
Feel
Listen

Smell

Chapter 6
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P WHAT ARE WE LOOKINGBRR
P MISSINGGOMPONENT®

> DAMAGEDDOMPONENT3

06 INVESTIGATIORHASE; BUILDINGNVALKDOWNHVACSYSTEMS

HVAC Systemes prescriptive checks

w When you see a bunch of sheet metal screws lying on the roof or near the HVAC system,
this usually indicates that the last maintenance effort that removed sheews did not
replace them. Make sure enough screws are adequately installed to keep panels securely
in place.

w Check foromponentsthat arelying on the roof or ground that are indicative of failed
equipment (broken belts, busted fans, failed motorsg.etThis may be an indication that
the unit is not operatingnot operating at full capacityor as designed.

Check for dmaged indoor or outdoor coils
Check for nssing or damaged mechanical items (fan motors, blades, belts, etc.)

Check for signs of litedebris (under belt guard/pulley/sheave) and belt wear/slippage

€ & € ¢

Some roof top units have builh exhaust (relief) fans. When they operate, they should

blow open a gravity weightelouverwhich should close when the exhaust/relief fan is not
running. If this louver does not fully close, it may allow cold or hot air to infiltrate into the
supply fan intake via the return damper. This will cause the mixed air sensor to read colder
in the winter and warmer in the summer, but ultimately result in higleeergy costs to

temper the airstream.

68
Chapter 6



vvyvyyvyy

VISUAL INSPECTION

ARE THE INDOODBUTDOOR COILS ANRSDIRTY

IS THE CORAMAGED OR LEAKING

IS THE DRAIN PAN ANRAIN LINE CLEAN ABILEAR OF DEBRIS

IN COOLING MODREASURE THE TEMPERRH DIFFERENCE AGRDME EVAPORATOR.GAZHEN
THE COMPRESSOR ISIDISHOULD EE8 TO22°FFOR A SINGLE COMPSES UNIT OR MULTI
COMPRE&®R UNIT THAT IS FYILUOADED

Outdoor air

d? P:b High pressure, gas

Cond EEmEmEE=-,
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High pressure, liquid F
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yYvyy
Expansion Compressor
Valve High Presure Side

Low Presure Side
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Air handler
supply fan &

06 INVESTIGATIGRHASE; BUILDINGNALKDOWNHVACSYSTEMS

HVAC Systemg prescriptive checks

T

1

Follow vendor recommendations for cleaning agent(s) and application for indoor
evaporator coil and outside condenser coil cleaning. Wear appropriate personicpire
equipment (PPE) for eye asttin protection. Also beware of any fumes that could be
generated and ventilation requirements.

Be careful to not damage coil fins when spraying down with water solution and always be
sure water is draining out the diia pan and connecting-Bap (previously discussed),
otherwise water may back up or find its way into the building, possibly causing water
damage, etc.

A dirty filter and/or dirty coil can cause the evaporator coil to freeze, and this can lead to
compresso damage (flood back of liquid). Clean coils and filters are critical to safe,
efficient equipment operation.
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9 Coils should be rinsed with a spray application in the opposite direction of normal airflow.
C2NJ GKS -FINILINAE fO0AE 0 bIs detednhBd by tKefai yocadion ankd A
discharge direction (up flow or down flow).

9 Drain pans should be checked to ensure they are not clogged with debris and water is able
to flow freely. Traps should be primed with water and installed correctly. Diras
should be pitched correctly.

1 NOTE: take precaution and care when cleaning with caustic or strong cleaning agents
(skin/burn issues).
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WHAT ARE WE LOOKINGRE
WHAT ARE WE LISTENRGE?
COILCONDITION?

AIRLEAKS

vvyvyvyy

OILLEAKSZ

06 INVESTIGATIORHASE;, BUILDINGVALKDOWNHVACSYSTEMS
HVAC Systemes prescriptivechecks

1 Checkfor deterioratingcondensing coil conditiomfrom corrosive air (salt water, etk Look
for condensing coil surfaces that are white or scaled or covered with dust armat débris
all of whichare all signs of a system that has not beenpedy maintained

1 Check for el and listehair leaks around exposed ductwofioof curb for the rooftop
unit). Ductwork may also have come apart inside the building. Typically, this is found
above ceiling spaces and requires access to atticsiingspaces

1 Check efrigerant line setto ensure they areadequately protecteddn split systems and
packaged roofdp units. Lowpressure suction lines should be insulated for efficiency.

1 Check for signs ofilbdeaks or drips from the refrigeration system @asmponents of the
unit. Outdoor or indoor coils with Freon leaks may exhibit signs of oil and dirt that is
accumulating on the oilThis type of problem may require more training how to
properly handle refrigerant and should only be done by an auttestiperson.

1 Check that sction line insulation isnstalledto prevent condensation from formingalso
an energy efficiency impactizenerally 3/8n. wall thickness of Ar@flex or equivalent is
satisfactory. In severe applicatishot, high humidity ares), greater thickness may be
required. Apply suction line insulation by sliding it on the sealed tubing before cutting and
making connections. Use tie wraps to secure the insulation.

1 Check thatihe sets (suction and discharge linesg protected when the lines route more
than 10 feet from the building to the outside unit. Damage from proximity to walkways,
lawn equipment, etc. can damage the lines (partial crimping, pin holes, etc.), resulting in
flow restrictions or refrigerant leaks.
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P P-TRAPINSTALLED AND PRIMEDRRECTRY

P INDOOR AND OUTDOCRILSOLEAN?

P REFRIGERANT CHARGRREL?

06 INVESTIGATIORHASE;, BUILDINGNVALKDOWNHVACSYSTEMS
HVAC Systems prescriptive checks

1 Check the Rrap on the cooling coilTheP-trap should have water in iPut your firger on
the outlet of the Rtrap, andeven if the fan is running you shouhit feel any air moving in
or out of the Rtrap. If you feel air moving in or ewf the Ptrap, then the Rtrap is dry
Remove the coil cover and pour water into therBp. Ensure trap drain lines are
adequately sized if multiple RTUs are connected tmamon header and not double
trapped.

1 Check to see ifhe outdoor coilis clean. It is easy to see debris against the outdoor coil
and to cleanAccessing the indoor coil (and cleaning) mayrme difficult

1 Check to see ifhe refrigerant charges corect. Coils and filters should be cleaned to
ensure proper aiflows before taking temperature readings. Generally, most split systems
that are properly charged are designed for £R@lelta T. If the leaving air temperature is
55°F, the returnair tempergure should be 7%, but this is not always the case. The split
may or may not be the same for packaged systeamsl when the packaged design is more
than one compressor/coithis is probably not the case.

 Check theZ S y R sahmldor proper (design) aiflow/pressure drops and required
refrigerant charged R 2 y Q (i. A#ain®diEPAcertified HVAC technician should be used
to correct refrigerant charge issuéadding or removing Freon refrigeran@)d comply
with EPA requirements when working withae-depleting substances (OBS
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P> BURNTWIRES
P> LOOSE TERMINATIGNS
P> UNDERSIZED WIRING

P SAFETY ISSUEXPOSURE BENERGIZED HAZARIECKE TAG?

06 INVESTIGATICRHASE; BUILDINGVALKDOWNHVACSYSTEMS
HVAC Systemsvisual electricalchecks

1 Check the electricdireakersand/or disconnects that provide power thhe compressors
and fans. Make sure all breakeasd disconnectare turned on. Tripped breakers could
be indicative of equipment problemsAlways ask if unsure (trained maintenance staff
should be the only staff to turn breakers or disconnects back on

1 Check forumpersthat might beput in place to bypass equipment sequencing (activate
electric heat instead of heat pump compressor healhiscould be indicative of
compressor failure(s) thadccurred in a previous heating season.

1 Look for lurnt or disconnected wiring/electrical componentSmell for burning wires or
burning oil Burnt wires are a sign that the connection is loose or the wire was undersized
for the load

1 Check for loose electrical wiringightening of electrical connections is somatp that
should be done during regular maintenandéhese connectiosiare generally a screw/lug
type of connection that can be tightened with a screwdriveidéilen-head wrench

ALWAYS FOLLOW ALL SAFETY RULES WHENNG WITH ENERGIZED, ROTAHWNGPMENT!

LOCK &TAG REQUIREMENTS SHOULD ALWAYS BE FOLLOWED!
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PROPEREFRIGERANCHARGR
PROPERLECTRICADAL?
B ECTRICAIOMPONENTS WORKINGRBECTLY

CRANKCASHEATER WORKING CORREC

LUBRICATION OF ALLTRDING PAR?S

06 INVESTIGATIAGRHASE;, BUILDINGNALKDOWNHVACSYSTEMS

HVAC Systemes prescriptive checks

T

Check the refrigerant charge using manufacturer recommended procediitds sould be
performedby acertified, trained professionalFor best results, theefrigerant charge
should always be checked with clean filters and clean coils (indoor evapaatboutdoor
condensercoilsh § KSNBAaS> AdQa | 3IdzSaaod

Checkthe current (amp) drawfor the compressomotor andthe condenser farmotor. This
should be donéby a trained professionallf the aurrent drawis exceeding thenotor
nameplate ratng, this could indicate a potential problem and should be noted.

Check theO 2 Y LINE éranizas®ieater with a temperature gwhen the compressor is
not running If the temperature is close to theurroundingambienttemperature during a
mild day itprobablyis not working Check the amp draw to validatd necessary.

With the power off, lubricate the condenser fan and check the bearing for tightness

Check thecontactors or motor controls to ensure all relays and contactors are working
properly (listenc there should be no chattering)t KA & Y I & NXBIj dzA NyStentt S E S NO A
from the thermostat or control system for the different stages of heating and/or capli

Check the run/start capacitor($pr any motordriven equipment (compressor or outdoor
fans)to ensure that they are not leaking oil or bulging (a sure sign of imminent failure)

C2NJ 6Saild NBadzZ Gax GKS NBTNRA IS Sy OKA INBASNEL
Oft Sy O2Af & O0AYR22NJ SJF L2 NI (2 Nal R I0d3ER202 N
l t gl &84 SESNDAAS OlrdziAzy FyR &alF¥Sie 6KSy 62

c2tft2g Fff FLIWXAOFIo6tS al FSGe N3 &ERLIY RGO dza S

[ 201 hdzik ¢ 3 h-daiwASKSLY OVNG Lj SUAENSSRRILES WHEN WORKING
WITH ENERGIZED, ROTATING EQUIPMESHGOOD JUDGMENT AND EXERCISE
CAUTION.
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P WHAT TYPE ORDOORFAN IS INSTALLED
>
P ARETHERBIGNS OF BEEAILURE

P ARE THERE SIGNS OBRM™AINTENANGE

IS THENDOORFANADIRECT DRIVER IS THE FAN DRIWENH BELTS

06 INVESTIGATIGRHASE; BUILDINGNVNALKDOWNHVACSYSTEMS

HVAC Systeme prescriptive checks

Check to see if the indoor fanaglirect drive fan or abelt drive fan.

T

If it isabelt drivefan, cgrrect beI'Es, fans and other comgonents should beAverified with the
venl2 N & YWIKSHA NS LI | OAy3I O0R2y Qi 3IdzS&dao0 o

Direct drive fans will have the motenounted in the fan housing

Belts driven fans will have the motanounted outside of the fan housingnoa base that is
near the fan housing

Checkfor debris in the fan wheel and in the fan section

Checlfor insulation that has come tse and is hanging or fallen down inside the fan
housing or ductwork

Check for signs of belt debris indicating that thelt is failing.

Check for loose screws or bolts. If screws are found lying on the roof or next to the unit or
on top of the unit (instead of being installed to secure the access door panels), this could
lead to a loose door panel, allowing unwanted odesiair to infiltrate into the unit (adding

to the cost to provide conditioned air in the heating or cooling/demidification seasons).
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INSPECTHEFAN MOTORFAN WHEEIEAN HDUSING
CHECK THE FAMDUNTS
LUBRICATE BEARING® AMECK FAN BEARIRGR TIGHTNESS

ENSURE THAT THE FENRRDTATING THE CORREIRECTIGWHENMOTOR IS ENERGIYED

vvyvyyvyy

USE SENSES TO FRRIDBLEM& OOK AND LISTEN
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HVAC Systemes prescriptive checks

9 Direct drive fans will have the motor mounted in the fan housing
f Check that replacememomponentscomply withi KS @Sy R2NR& YI ydz f &

1 Checkmotor mounts If they are loose, thegan cause excessive noise and vibratioat
may be heard in office spaces via the diffuser/ducts

1 Checkfor debris in the fan wheel and in the fan section

1 Checkior insulation that has come @se and is hanging or fallen down inside the fan
housing or ductwork

1 Check for correct motor rotation after replacing the motor or updating wiring in the
building. Threephase motors can rotate backwards whemo phases are inadvertently
reversed

1 Check the bearings. Some fans and motors havelskifcating bearings, budthers will
NEIjdzA NS LISNA2RAO fdzoNROFGA2Y LISNI 6§KS @SYR2NRa

1 Check for specighurpose exhaust fans and their controls. If not controlled properly, these
can increase the heating or cooling load on a building, especially if they run all night or
weekend while the building is unoccupied. If an exhaust fan is running when not required,
there may not be any makeup air to accommodate the air being exhausted, and this will
results in air infiltrating into the building. This can bring in dust, hlityiand also cause
temperature problems that result in the HVAC systems running more often than would be
required if the exhaust systems were automatically turned off at night (when the building
becomes unoccupied).
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http://www.buffalofan.com/inquiry.html

P> INSPECFANOCOMPONENTS
P> INSPECFAN MOUNTINGBEARINGS ANRDTATION
P ARETHERRUDIBLE SIGNS BELTFAILURR

P ARETHERE EXCESSIVE ATERNS
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HVAC Systemes prescriptive checks

9 Belts driven fans will have the motor mounted outside of the fan housing on a base that is
near the fan housing

Check thathe fan motor, fanwheel,fan housing and beltare all intact
Check thathe fan mounting bracketsaretight, not loose
Checkthe bearings. Are they lubricated? Are theynning cool or ho?

Checkthe pulley and sheavesAre theyin good condition and in proper alignment

=A = =4 =4 =4

Checkfor debris in the fan wheel and in the fan section which indicates aibalbout to
fail.

1 Checkior insulation that has come loose and is hanging or fallen down inside the fan
housing or duawork.

1 Check for correct motor rotation after replacing the motor or updating wiring in the
building. Threegphase motors can rotate backwardgen two phases are inadvertently
reversed.

1 Check the bearings. Some fans and motors havelgkiicating bearings, but others will
NEIjdzA NS LISNA2RAO fdzoNROFGA2Y LISNI 6§KS @SYR2NRa

1 Check to ensure thatlselt guardisin place to protect looselothing from being entangled in
the rotating belt and pulleyBe careful if this condition is found!

9 Different belts can be used on bettriven equipment. Some have energy advantages over
others, but also require greater care when installing. Poogalinent may result in excessive
noise and other problems.
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CONDITION OF THE IND®OUTDOOR COILS ANDSI
IS THEOIL DAMAGED

IS HEINDOORDRAIN PAN PROPERRXAPEBND WORKIN®

vvyyvyy

IS THE TEMPERAREDIFFERENCE ACROSSA®BIL ADEQUATE
WHEN COOLING

06 INVESTIGATICRHASE;, BUILDINGVALKDOWNHVACSYSTEMS
HVAC Systemes prescriptive checks

1 Follow vendor recommendations for cleaning agent(s) and application for indoor evaporator coil
and outsidecondenser coil cleaning. Wear appropriate personal protective equipment (PPE) for
eyeandskin protection. Also beware of any fumes that could be generated and ventilation
requirements.

1 Be carefuhot to damage coil fins when spraying down with watersion, and always be sure
water is draining out the drain pan and connedtiRtrap; otherwise water may backup or find
its way into the building, possibly causing water damage, etc.

1 Adirty filter and/or dirty coil can cause the evaporator coifreeze, and this can lead to
compressor damage (flood back of liquid). Clean coils and filters are critical to safe, efficient
equipment operation.

9 Coils should be rinsed with a spray application in the opposite direction of nornfil@vair For
thetypiOl t-F NI YS¢ O2Af OLIAOGIINE aK2gy0xX GKAA Aa
direction (up flow or down flow)

9 Drain pans should be checked to ensure they are not clogged with debris and water is able to

flow freely. Traps should be primed Witvater and installed correctly. Drain lines should be
pitched correctly.

1 NOTE: to take preaution and care when cleaning with caustic or strong cleaning agents
(skin/burn issues)
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BUILDINGWALKDOWNC HVACECONOMIZERUNDAMENTA

The Basics of Agide Economizers

Relief-air

Damper Legend

Return
Air @ = Temp. Sensor
@ = Humidity Sensor

I = RTU Equipment

Relief Air Command

Return-air Damper
Outdoor-air Damper

Outdoor Air

To

Supply Air

Space

System Controller
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HVAC Systems Economizer Descriptions

T AraARS 902y 2 Ydnidampér adrdngeRatzCaiid automatic control system that,
together, allow a cooling system to supply outdar to reduce or eliminate the need for
YSOKIyAOLFt 022t Ay3 RJzMEHYRAE StdndaRl 902008 02t R ¢S G KS

9 Air-side economizers simply use air source energy from outside the building to cool the
building or to supplement the mechanical coolisgstem. Typically, an air source system
will use ductvork on a central aihandling unit(AHU)or on a packaged rodbp unit.

1 The relief damper and relief fan can be problematic (provides another path for outside air
to enter the mixing plenum if the redf dampers fail).

1 Typically automatic controls will operate the economizer cycle automatically, based upon
some type of drybulb (sensible) or enthalpy (sensible + latent) control schemedoatair
or differential comparison)
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The Basics of Agide Economizers

Evaporator Coll O_U tdo

Al r | 1

Condenser Coll

Compressor

Heating Section

Fan and Drive Belt
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HVAC Systemg prescriptive checks

1 Although this isa common exhaust air and odbor-air intake arrangement, provided by
the manufacturers, it could lead to short circuiting of exhaust air to the intake.

1 Check foleaking damper sda, poor construction and higtemperatures on dark roofs
These altan contribute to economizer problems (entering air temperatures or miaied
temperatures that are higher than desired)

1 Air-side economizing uses unconditioned dabr air to cool (or heat) a space
9 There aretwo air streamghat areused to make up the supply air- outdoor and returnair.

1 Check that the dmpers sequence together to mix and balance air streams to miiieh
needs ofthe unit discharge conditions

1 As long as the oudlbor air has lower heatontentthan the return air, it should be ued
even if mechanical cooling is required

1 In humid climaés, use economizers when aldor air is 5F to 10F below returnrair
temperature (drybulb control)
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BUILDINGNALKDOWNC HVACECONOMIZERAVINGICHECK OENTHALPYSONTROLLE

Should | consider &igh Limit Enthalpy Contréér? Approximately 15%
SavingDifference

ASSUMPTION:
50°F Balance Point
12 Hr. Occupied Period

Source: Honeywell Controls
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BUILDINGNALKDOWNCG HVACECONOMIZERAVINGSCHECK OENTHALPYJONTROLLE

Differential Enthalpy Control Savings

ASSUMPTION:
50°F Balance Point
12 Hr. Occupied Period

Source: Honeywell Controls
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P ABROKERCONOMIZEENKAGE RENDERS TEENMOMIZER INOPERABLE
P JAMMED OFFROZEN DAMPER
P> CONTROLLBRILURR ACTUATORAILURR SENSORAILURR

P MECHANICAL OR ELECAR)
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HVAC Systemes prescriptive checks

T
1

=

= =4 =4 =

Check for ésconnected or broken linkage.

Verify economizer damper linkage was not disconnected for other readaiisre of the
actuator in energy intensive positianwide open.

Check forgmmed or frozen oudoor-air damperc lubricate moving parts if frozen

Check for nn-functioning actuatoy installed incorrectlyr disconnected wireg fix or
replace if failed

Check for malfuationing outoor-air/return-air temperature sensa.
Check fora malfunctioning controller
Check for faulty control setting ithhe controller or thermostat and adjust to correct value

Is it a standalone controller (Honeywell Sensible Bnthalpy Controller) or is ihiegrated
to the thermosta®

Is the actuator pneumatic or electric? If pneumatic, is there instrument air to the device
and the controller (225 PSI is the usual minimum control instrument air pressure
requirement). If éectric, does the actuator have a dedicated or shared 24/120 VAC power
source (usually from a transformer or dedicated power circuit). If not, the electric actuator
will not respond to any control signal from the thermostat, controller or other source.

Isthe minimum damper set poirfor either type of controlletthe correct value and how do
you validate the actual fraction of outdoor air (percent)?
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1 Are the dampers at their minimum position (when it is appropriate)? Calculate the
outdoor-air fraction by akingthree temperature readings to validate the minimum damper
position control is working This includes thesturn-air temperature (RAT)nixed-air
temperature (RAT) andutdoor-air temperature (OAT)

1 The equation for this is as follows: [(RMRAT) /(RATOAT)] * 100. For example, if the
temperatures recorded are: RAT = 72, MAT = 60 & OAT = 40, the equation would-be [(72
60) / (7240)] * 100 = [12/32] * 100 = 37.5% open. Normally, minimum damper settings
would not be more than 120% open. This migindicate an RTU that is owentilating
when the damper is at its minimum setting and in need of some adjustment.

1  Why is this important? If the minimum outdoor ventilation required is only 10% by code
and the rooftop unit or air handling unit is brimgy in additional outside air during cold or
hot/humid weather, this will require additional energy to either heat or cool (and possibly
de-humidify).

1 Demand Control Ventilation (DCV) may be one oppoity to consider for possible
improvement (unless thexasting thermostat or digital controls already have this capability
incorporated in the controls). DCV (depending upon the design requirements required by
local energy codes) allows for using one or more sensors to me&antgon DioxideGQ)
in the spae being ventilated. Based upon the measured readings (Parts Per Mjllion
PPM), and the required minimum or required difference when compared to some known
outside ambient value, the odbor-air dampers may be allowed to remain closed or
mostly closed asompared to standard ventilation controls.
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v

TYPE OFHERMOSTAT

v

CONFIGURED CORRE@TIEYTHE THERMOSTADISITAL PROGRAMMABWHAT FEATURES DOES
SUPPORY

7-DAY SCHEDULIRE&ETPOINTS HOLIDAY SCHEDULINOPTIMAL STARSTOR REMOTE SENSSR
IF AN OUTDOGRIR SENSOR IS USEBIERE IS IT LOCAPED
THERMOSTAT LOCATISEUEDRAFTSSUN, SOURCES (HEAT, FALSEREADINGE

SPECIAHVAGUNCTIONSHEATPUMPSECONOMIZEREXHAUSARELIEFANS ?

vvyvyyvyy

CHECK MANUFACTURERUP INSTRUCTI@GN®RECOMMENDATIONS
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HVAC Systems prescriptive checks

1 Check for the type of thermostat. Is iteohanical or @jital? If mechanicalreplacingthe
thermostat with a digital thermostat will se&&8 money (if properly configured). If the
mechanical thermostat is left in place, ensure it is configured for acceptable set points.

1 Check the differentypes of thermostats and documehiem as part of thevalk-down.
Get the model and serial numbers edchthermostat. These numbersan be used to find
out what the functions and capabilities atdat can beprogrammed into the thermostat.

1 Check to see ithe programmable thermostat hagptimal start(intelligent recovery)
capability. Manythermostats have optimal start capability withothie use ofan outdoor
temperature or enthalpy sensor.

1 Check to see &n outdoorair temperature sensor is usedfso, where is located? Ideally
the outdoor-air temperature sensor needs to be located on the north side of the building,
but in a shield/solar protection device, or it should be in the shade at all times.

1 Check to see if the programmable thermostat hasaand stage lockout set point
(common for heat pumps)Each mantacturer may have slightly different methods their
programmablefeatures inside of their thermostats. Check each thermostat and know the
features that can be programmed and verify that yhare configured properly.
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1 Check to see what schedulirgpabilitiesare included with the thermostafs+2 5+1+1, or
7-day schedule)?

1 Check to see iholidays be scheduled? Although this feature is not common, it is something
to look foras this is becomig more common in newer thermostat features.

1 What are the start and stop times for the schedirethe thermosta? Note the schedules
in yourwalk-down report. Are they different for the weekends or the same? Note the
weekend schedules for the report.

1 Chedk to see ifthe schedulegnatch when the building is truly occupiext if they reflect
other issues (lack of confidence in the HVAC systems to recover adequately, erratic
occupancy patterns, extreme weather events, .gtc

1 Check to see whethe building idruly occupied and not when it is scheduled to be
occupied. Let the INR I NI Y Y I 0 f S oplirfabskaN Ratuiel (ifipfbsidediietermine
the optimumstart time. Resist the urge toanfigurescheduled start timesignificantly
earlier than the expectedccupancy time, just to satisfperiodicc extremeweather
events for the heating and cooling needs.

1 Check to see if the difference between the occupancy times and scheduled times are varied
by more than 2 hours. For instance, when the occupancy timéi@ibuilding is 6 AM and
the scheduled start time is 2ARI3AM (or earlier), this is a good application for installing a
programmable thermostat with optimal start (intelligent recovery) capabilities.

1 Does the thermostat have temporary override capabikf2eNote the temporary override
time for the report. This needs to be used for afteour operations (working late,
janitorial, overtime, etc.). If it is used, it should be configured to only provide 1 to 2 hours
of equipment operation during the activatioof the override, and not allow for an
GAYTFAYAGSE GAYS 6y2 SELANIGAZ2ZYO0 2OSNNARSO

1 Check the heating and cooling set point values. They should have at ledsda&d band
(or greater) between the set points during occupied periods (example, heatingFana
cooling = 78F) and at least 2& dead band (or greater) between the set points during
unoccupied periods (example, heating =B2nd cooling = 8E).

i Check the thermostat location. It should not be located on an exterior wall or near a heat
sourceor in direct sun light.

1 If the thermostat controls auxillary equipment (exhaust fan, lighting, pump, etc.), verify
that the controls are working correctly.

9 If the thermostat has economizer control (ador and returnair dampers), verify that the
economize control is working correctly (introducing outside air when more effective than
return air during cooling demands).

1 Check ithe thermostatsare controlling other devices in the builty andif they work correctly
(i.e., exhaust fans, lighting, pumpd)ook for additional pieces of equipment that the thermostat
YIFe 06S O2yiNRffAYy3dId ¢2RIFI2Qa GKSNyzadrda OFy O2
equipment. They may also control exhaust fans and lighgslist goes on and on for what a
thermostat can doSome thermostats might control the economizer inside of the heating and
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cooling equipment. Note it and test this functional capability to make sure that it works properly
with the thermostat. Proper operation of the economizer from a thermostat is ferdhtdoor-

air dampers to open upon a call for cooling, when the outside air has less total energy than the
return air. Depending upon the thermostat and HVACagapabilities, the ability to determine
which air stream has less energy may be limitedntpte sensing techniques that look only at
outdoor air dry-bulb temperatures. If this is try¢he recommended outside air dityulb
temperature which would contain less energy for reduced cooling load on the HVAQvonid

be a setting of anywére from60°Fto 70°Foutside temperature (depending upon the
geographical location and climate zone). Any sgiiabove or below these valuesutd be
counterproductive.

1 Check to see if thahe thermostatsare sensing the temperature of tharea they serve,ral are
controlling the right piece of equipment in the area they seivest by turning the fan off and
checking registers in the argihey should have no air flowing out of them

1 Aremultiple sensors used to more accurately setfaeeragethe room tempeature in a
building? Some thermostats may have several wireless (or wired) temperature sensors
connected to them. This feature is part of someha new lines of thermostaten the market
today. There are also sontbermostatsthat can be controlled fronan app on a smart phonar
from a web page These are features that one should be aware of and lookirig fuew
thermostats Make sure thatdditional sensrs (wired or wireless) follothe samerules for
locating thermostatgsee above)More remote sensors will give the thermostat a more
accurate reading of the buildirgpacetemperatures,resulting in better spce temperature
control (hopefullyfewer complaints).

1 Retuning ideas
o Digital thermostat that iprogrammable
0 Scheduling
0 Set poirts
o0 Fanand economizeoperatiors
0 Thermostat location

0 Remote sensors
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P> (OHECK THE LOCATIONTBETHERMOSTAT

P THERMOSTADVERRIDEHOLD FEATURE

06 INVESTIGATIORHASE;, BUILDINGNVALKDOWNHVACSYSTEMS
HVAC Systemes prescriptive checks
9 Checkhe location of the thermostat.

1 Check that the thermostat is not placelse to a heat source or behind things that will
impede the thermostats ability to sense the room temperature.

9 Thermostats need to be located on the interior walls not on exterior walls, also not in
direct sunlight.

1 Is there a draft of air coming from béfd the thermostat that will affect the temperature
that the thermostat is sensing?

T al 1S &adzZNS GKSNBE IINB y2 208SNNARS&a 2y GKS GKSNY
(unoccupied) actions from occurring.
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P WHAT TYPE OF SCHENGKAPABILITIES DOEBAVE
P 5+2¢ ONE WEEKDAY AND OMEEKEND
P 5+1+1¢ ONE WEEKDAY ANDOWEEKEND

P 7 ¢ SCHEDULE FOR EACM OR THE WEEK

06 INVESTIGATIGRHASE; BUILDINGNVNALKDOWNHVACSYSTEMS

HVAC Systems prescriptive check.

1 Check the thermostats programmed weekday and weekend schedules (example shown

here):

| I I I I ] I
I 2am 4am 6Gam 8am 10am 12pm 2pm 4pm 6+m 8pm 10pm I

Weekdays SCHEDULED OCCUPANCY

| | | | | | | | | | |
2am d4d4am 6am 8am 10am 12pm 2pm 4pm 6pm 8pm 10
ULED OCCUPANCY

Weekends SCHE

L
pm

1 Check the occupied anghoccupied heating and cooling set points (example shown here):

. 4

I [ [
60° 65° 0° 75° 80°

[ |
85° 90°

ZONE SET POINT

ZONE SET POIN Occupied
1 | | T T 1
60° 65° 70° 75° 80° 85° 90°

Unoccupied

1 Optimal start savings potential (example shown here):

Chapter 6
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Potential Savings

Early Start Time Normal Start Time Early Vacancy Time
= 5AM =7:45 AM =5:30PM

L [ 1T T T 1T T T I
2am 4am | 6am 8am 10am 12pm 2pm 4pm 6pm 8pm 10pm
SCHEDULED OCCUPANCY

1 Check the thermostat capabilities. What scheduling capabilities the thermostat have®+2,
5+1+1, or 7 Day type of day schedule? Can holidays be scheduled? Although this feature is not
common it is something to lodr in the building walkdown.

1 What are the start and stop times for the schedule? Note the schedules for the report? Is it
different for the weekends or the same? Note the weekend schedules for the report. Does it
match when the building is truly occupied?

1 Watch the building to find when the building is truly occupied and not when it is sclebttule
occupied. Let the optimal start feature (if provided) determine the optimum scheduled start
time. Do not configure the scheduled start times for the HVAC unit so early just to satisfy a
G2 yaBSENE ¢S GKSNI SPSofcoolifghedds.(i KS KSIFGAYy3 | yR

91 Does the thermostat have temporary override capabilities? Note the temporary override time
for the report. This needs to be used for aftesurs operations (working late, janitorial,
overtime, etc.). If it is used, it should be configured to only faew-2 hours of equipment
2LISNF GA2Y RddzNAYy3I GKS T OUADI GA2YE2HEAYRSOY SIS NNA
expiration) override.

Pl

1 What are the set points for occupied and unoccupied? There should a miniftifesgreater)
difference between ocquied and unoccupied temperature set points. Occupied set points
should have a%F or greatedead band between heating and cooling temperature set points.
For example: Heating set points ="F2(occupied) and 6B (unoccupied), ancboling set points
= 75F (occupied and 8E (unoccupied)This equates to a’°8 occupied dead band during
occupied periods and &F difference between the occupied and unoccupied temperature set
points.
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P DOES THEHERMOSTARAN OPERATION CEOIN CALEFOR HEANG ORCOOINGDURING OCCUPIE
MODE OR RUN CONTINJSDY DURINGAEOCCURD MODR

P CONFIGURED CORREGTMINIMUMVENTILATIORODEREQUIREMENTS BEINGIRIE

06 INVESTIGATIARHASE, BUILDINGNALKDOWNHVACSYSTEMS
HVAC Systemes prescriptive checks

1 Is the programmable thermostat iiiFanrAuto £ which means that the fan ycling with the
cooling compressor and/or furnace?

1 If the thermostat is irdAuto £ (instead oféOre or 6Rurg in Occupied Mode)t can lead to lower
ventilation rates than required, especially during spring and fall seasons, when cooling/heating
needs areat a minimum

1 Commercial building codes may require the RTU fans to be running continuously to provide
adequate ventilation during occupied modes

f?

06 INVESTIGATIGRHASE; BUILDINGNALKDOWNHVACSYSTEMS

1 Ask if there are anguestions
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Chapter 7: Investigation Phase: Lighting Systems and Controls

INSTRUCTOBUIDANCE
TIME 15MINUTES
LESSONBOAL LEARN HOW TO WALK DIOWHE LIGHTING SYSSEOF A BUILDING
MATERIALSPOWEROINT SLIDE® LIGHTING SYSTEMS AMINTROUSIVESTIGATION PHASE
LEARNIN@®BJIECTIVES

1  WHAT TO FOCUS ON WHERVIEWING INTERIOBHTING

1 WHAT TO FOCUS ON WHERYVIEWING EXTERIGRHTING

07 RETUNING STEPS

Chapter 7
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INTERIORGNTROLSMANUAL SWITCHEICCUPANCENSORDIMMERSORTIME CLOCKZ
TYPE OF LIGH{E12,T-8, T-5. LED CFLINCANDESCER)
PROPER LIGHEVELS BEING MAINNED OR OVERT?
OPPORTUNITY TO-DEMF?
P> USE LIGHTBTER TO VERIFYIGHT LEVELS MEEBOR SIMILAR GUIDELSNE
P ARE THEREAFLIGHTINGDPPORTUNITIRS
P> ARE 85NSPOSTED AT MANUWGHTSNITCHEB

P ARE IXTURES ANIAMPS CLEAN

07 INVESTIGATIGRHASE; BUILDINGNVNALKDOWNLIGHTINGSYSTEMS

Lighting Systems and Controtsprescriptive checks

1

Check to see if minimuight levelsare being maintainedUse a light level meter tensure that
the lightfixtures are nover lighting thebuilding.

Check for older lighting systems. Replag® lamps with s or T5s SomeTl-12sareno

longer béng manufactured and replacement costs are significantyeasng. Group relamping
may be the most efficient and economical way to undertakis #ifort Consider LEDs for
applications where total cost is considered. LEDs can last significantly longer than any other
lighting technology andhay be especially beneficial hardto-reach areas or high labor b
areas.

Check light fixtures and laragor cleanlinessCleanlight fixturesif dirty. If the lightfixture is
dirty, there is a reduction in théght output effectivenessAs lamps age, their light output
effectiveness also decreases.

Check for incandescent light bulb uddsecompactfluorescenttamps CFE) in place of
incandescent bulbs where it maksense

Check for occupancy sensors in locations where it makes s@w®ipancy sensocan work
wellin conference rooms, bathrooms and offisgaces. Bathroom occupancy sensors need
control the bathroom exhaust fans, when possible.
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1 Check to see if existing occupancy sensoesworking properly, and turn off equipment as
intended.For spaces that have losccupancy patternghis might be something that would
make sense for these@asfrom a first cost basis.

1 Check that occupant awareness (Sjge locatedat allmanualswitches thatdirect occupants to
saveenergy by turning lighteff when they leaveThis is a vergffective way to promote energy
awareness
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P> EXTERIOR CONTR@IFHOTO CELL EYBSNUAL SWITCHES OREH CLOCK3
P TYPE OF LIGHTS USED$IDE FORRKING AND OTHERERIORPACER
P NUMBER OHGHTS
P PHOTOCELL CONTROIME CLOCK OR OTHERITROL SYSTBM

P PHOTGCELL WORKING CORRE@TL

P> EXTERIORGHTS STAYING ON TIG@NG OR COMING ONOTBARLY

07 INVESTIGATIORHASE;, BUILDINGNVALKDOWNLIGHTING SYSTEMS
Lighting Systems and Controtsprescriptive checks

1 Check light fixtures and lamps for cleanline€sean light fixtured dirty. If the light fixture is
dirty, there is a reduction in the light output effectivenedss lamps age, their light output
effectiveness also decreases.

1 Reduce exteriolighting power density @D and garking area lighting. Do you need all of the
lights on the outside of a building on? There is usually an opportunity to reduce this lighting
turn it off because this lighting may only be needed for a small part of the night. In many cases,
the lights are used for employee safety and possibly building security.

1 Use photocells to control parking lots and exterior lighlsis preferable to se an astrological
clock for controlling the outside lightstife clock isnot complicated andf it isreliable.

1 Checkhat the photo cell sensor eye &learg, not obscured by landscaping or in a location that
will cause a false reading (resultindights being on all the time, or potentially off all the time).
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1 Askif there are any questions

Chapter 7
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Chapter 8: Investigation Phase: Hot Water Systems and Controls

INSTRUCTOBUIDANCE
TIME 15MINUTES
LESSONBOAL LEARN HOW TO WALK DOWHE HOT WATER $1\8S OF A BUILDING
MATERIALSPOWEROINT SLIDEGB HOT WATER SYSTEMS A&DNTROLS INVESTION PHSE
LEARNIN@®BJIECTIVES

1 WHAT TO FOCUS ON WHERVIEWING DOMESTITTHWATER SYSTEMS

T WHAT TO FOCUS ON WHERVIEWING HEATINGTH@ATER SYSTEMS

08 RETUNING STEPS

Chapter 8

96



TYPE OF HOT WATERTEXS, DOMESTIC HOT WATERKEATING HOT WATERBOTR
ENERG¥TAR RATED APPLIANCES

DOMESTIC HOT WATERIPERATURETPOINT?

HEATINGIOT WATER TEMPERAE SRTPOINT?

HOT WATER PUMPNTROLS/FDDRIVER

vvyyvyVvyywyy

HOT WATER PUMPS ORRWAGH?

W

\
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Hot water systemg; prescriptive checks

1 If the system servesainestic hot wate(used for washing harscand for showerg, checkthe set
point and the actual temperatureWhat setpoint is required? Can the current qmtint be
lowered and still meet the requiremestfor the use?

1 If the system serves heatitpt water for perimeter (baseboarylor fan (heating coil) heating,
check the set point and the actual temperature.h&l setpoint is required? Can the current set
point be lowered and still meet the requirement for the use@®me boilers are not designed to
operate with water temperatures below 148 and this may include set back periods (check
GAOUK (KS @SYR2NDA ad0FNIdzLJr 2LISN)I 0A2ya FYR YIAY

1 Determine if thehot watersystemappliance (tank or kiter) is gas or electric or othesdlar,
woodHired, etc.). If gas, is the pressure regulator set correctlythe tankd 9 y NH&NE NJ ( SRK

1 Check to see iflectric hot water heaters can be turned off at night. Do the circulapiagps
turn off at nigh®?

1 Check if thessystems have a circulating punipoes thecirculatingpump work and is it
pumpingduring occupied modeTo test if the pump workss the return line from the building
warm or col® If it is cold the pump is not pumpingor the appliance has failed or is set too
low). Ifthe line iswarm, the pump is pumping water.

1 Check if there are armgontrolsfor the circulating pumpsDo they respond to schedules, set
points or other variablesRoesthe circulatingpumphave a vaable frequency drive If yes,
does it vary its sped in response to load or timef-use changes?
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ARE THE TANKS INSUHIZT

ARETHE PLUMBING LINESULATED

ARE THERE ANY OBSER¥A EARSAUCETS LEAKIRBELIERALVES LEAKIRG
ZONE HEATING CONTRIDN.BLACE AND WORKING

SET BACK CONTROLBIUNCE AND WORKNG

SUMMER HEATINSHUTDOWN IN PLARE

W

\

O8 INVESTIGATIGRHASE; BUILDINGNVALKDOWNHOT WATERYSTEMS

Hot water systemg; prescriptive checks

T

Check the hot wateret back control: Sombot waterheating systems @gfired) cannot be
turned off atnight. If the hot waterheating system has standing pilotfmanually lit) it may fail
because otold morning starup problems(due tocondensaibn on the pilot flame,
extinguishing it) Ifit has an automatic(direct) ignition startup system there is a pretty good
chance that it can be turned b&t nightwithout causing any significant problems.

Check to see the heating system remasoff during the summer orunsyearround? If it runs
in the summer, determinavhy.

If a time clock is used to control thwt water heating system, chedlk make sure that the time
clock is still operational anthat it is set to the correct time (power outages over time can cause
these clocks to be off by several hours, unless they have bditarigupcapability) Set the time
clock close to a time thas it supposd to turn off, and make sure that the pump and hot water
heaters turn off. If battery backup capability exists, are the batteries working?

Check to see liolding(storage)tanks, connected piping and hot water heatare all properly
insulated.In some areas/ou can get additional insulating blankets to improve the insulation
guality of the tanks.

Check that the piping system afigtures at thepoint-of-uselocations (sinks, etc.) are not
leaking (adding load to the hot water systemien loads do not exisand operate correctly.
Dripping faucets and leaking pipes can add addl load to the water heaterand are a source
of wasted water.
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1 Can the system be turnedfdt night or when not in useRetermine why the hot water systesn
cannot be turned off, and document for the report. If they can turn off do they turn off when
they are suppose too (based upon occupant schedule, or when there is not production going on
inside the building)?

1 Retuning Suggestions

(0]

(0]

(0]

(0]

(0]

(0]

(0]

Turning off hot watetanks at night or when not needdif possible)
Hot water temperature sepoint too highg turn it down (if possible)

Turnpumps off at night or when not needdd possible). If VFDriven, reduce pump
speed at night or during low loads

Verify pumps argumping when needed
Replace/addrisulation where misgng (tanks and piping
Fix leaks at faucets, appliances or piping

Solaror oK S NJ & 3 NB S y é¢ propSrintesfaef t@eistir®) ystems

1 Maximum hot water temperatures: Generally 12040 for domesic hot water, 120180 for
heating hot water (seasonally adjusted)

f)

O8 INVESTIGATIGRHASE; BUILDINGNALKDOWNHOTWATERSYSTEMS

1 Askif there are any questions
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Chapter 9: Investigation Phase: Office Equipment

INSTRUCTOBUIDANCE
TIME 15MINUTES
LESSONBOAL LEARN HOW TO EVALUAHE OFFICE EQUIPMBNWRING THE WALK DO@WRA BUILDING
MATERIALSPOWEROINT SLIDERO OFFICE EQUIPMENTHSVIGATION PHASE
LEARNIN@®BJIECTIVES

1 WHAT TFOCUS ON WHEN REME®/OFFICE EQUIPMENT

09 RETUNING STEPS
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ENERG¥TAR RATED APPLIANAEB COMPUTING RESGER
AUTOMATEDCCUPANCY SENSORTRON?
EDUCATE OCCUPANTSITUBNOFFEQUIPMENWHEN NOT IN USB/EEKNIGHTS AND WEHEY

ARE PORTABLE SPACATHRS OR FANS RUNSNIN UNOCCUPIED SPSCPOTENTIAIMPACT TO
HVAGRSAFET?

Next Area

09 INVESTIGATIGRHASE; BUILDINGNVALKDOWNOFFICEEQUIPMENT

Office Equipment ¢ prescriptive checks

T

1

Check to see if appliances and office equipmentiarergy Starated. This should include lunch
room appliances (refrigerators, freezers, ovens, micron@xens) and office equipment.

Check for ocupancysensorbased outletcontrol. There are vendors who make occupancy
sensorbased controbutlets and outlet strips. The outlets can be installed for the rated circuit
amp rating (15 or 2@mps). These outte can control loads up to the same load rating. The
outlet strips should not be used for loads greater than Y&tts (even though the vendors rate
them up to 1500Natts). This still allows for automatically turning off loads like coffee pots,
printers, monitors, small fans and in some cases, portable heaters (depending upon the portable
heater wattage rating and method used to automatically tthram off).

Check computers for energgaving mode configurationsost computersprovidefor some
level of erergy savingwhen the computer is not in usds it being used? Do occupants know
how to configure this?

Check to see if@table heatersare being managed. Thegn be a fire hazard if located too

close to combustible material in office$hey can ats cause problems if they create false

reading(s) for the local thermostats and/or averaging sensors. This leads to occupant complaints
and can lead to occupants opening windows and other coupteductive activities. Aey

should be managed accordingly.

Educate occupants.
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P MANY VENDORS NOW MAXECUPANESENSOR BASED PLUSODLOONTROLLERS
>

P> THEY USUALLY HAVELALEFIN OCCUPANCY SENSGER TIMER THAT CAR BDJUSTED TO ELIMIE
NUISANCE TRIPS

THESE CAN BE WALLIBTOR OUTLET STRIESIGNED FOR NORITICAL LOAD MANMERNT

09 INVESTIGATIORHASE; BUILDINGNVALKDOWNOFFICEEQUIPMENT

Office Equipmentg prescriptive checks

1 Check for ocupancysensorbased outletcontrol. There are vendors who make occupancy

sensorbased controbutlets and outlet strips. The outlets can be installed for the rated circuit
amp rating (15 or 28mps). These outlets can dool loads up to the same load rating. The
outlet strips should not besed for loads greater than 750als (even though th vendors rate

them up to 1500 Vatts).

1 Check to see if portabl@nsare being managed.

1 When occupants are on vacation or busingasel for more than a few days, do they leave non

essential loads turned on (printers, lamps, lights, etc.)?

1 Educate occupants!

f?

09 INVESTIGATIGRHASE; BUILDINGNALKDOWNOFFICEEQUIPMENT

1 Ask if there are any questions
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Chapter 10: Investigation Phase: Indoor Environmental Quality

INSTRUCTOBUIDANCE
TIME 15MINUTES
LESSONBOAL LEARN HOW TO EVALUAHE OFFICE ENVIRONMBURING THE WALBVN
MATERIALSPOWEROINT SLIDER) INDOOR ENVIRONMENTRUALITY INVESTIGAYIRHASE
LEARNIN@®BJIECTIVES

1  WHAT TO FOCUS ON WHERVIEWING INDOOR ERONMENTAL QUALITY

10 RETUNING STEPS

Chapter 10 103



MAKE SPOT MEASUREMEND NOTE THE TEMREBRRE
WHAT IS THE TYPICEMPERATURHEDOES IT FEEL UNUSWADRY OR HUMID
TALK TO PEOPLE TO GHEIR VIEW ON THENERAL COMFORT IN IRIEOOMS

CHECK CONFERENCE R®OR CORNER OFFIARE THEY TOO HOT @®TOLD

vvyvyyvyy

OCCUPANT ACTIONSA@PROVETHEIR ENVIRONMENT

10INVESTIGATIORHASE;, BUILDINGNALKDOWN INDOORENVIRONMENTAQUALITY

Indoor Environmental Quality ¢ prescriptivechecks

1 Check thalischargeair diffusers. Are they fully or partially closed2losed or partially closed
diffusers are sure signs o€cupantdiscomfort

1 Checkor space heaters in officeshich may be a response to ovasoling orexcess air flow.

1 Check return air grillsReturn grills can be in the wallsut areusually they are in ceilings. Make
sure they are not covered. Return grills can be in doors. If the space was remodeled and new
doors were installed, were the grills in the doorsimstalled? If not, was a return path in the
ceilingor wall provide®

1 Check orner office spaces or similar spaoeithtwo or more perimeter exposuresThese
locationscan be problematic if not constructed or maintained correctly.
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BUILDINGNVALKDOWN INDOORENVIRONMENTAQUALIT

P> LOOK AT DISCHARGE BIFRFUSERBRE THEY FULLY ORTRARLY CLOSED
QLOSED OR PARTIALLESED DIFFUSERSN BESIGNS OF DISCOMFORT
ARE THE RETURN AIR.GR BOCKED OR COVERED

LOOK FOR SPACE HEATIEROFFICES

vvyvyy

ARE THERE AREAS TARE STUFFY OR HANE/SUAL ODORS

This man certainly notices the musty smell

S|

15 this 2 potential opportunty [Jyes [ INo _(check Answer] |

10INVESTIGATICRHASE; BUILDINGVALKDOWN INDOOFRENVIRONMENTAQUALITY
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P AMUSTY SMELL OFTERIMATES THAT THISARF THE BUILDINSGNOT PROPERLY VEANTED
THIS SITUATION MAY RIRY NOT BE AN ENERSYUEBUT IT IS DEFINITRLEOMFORT ISSUE
THE BUILDING IS NEHOPERLY VENTILATEDI ENOUGH FRESH SIDE AIR IS COMING |

Air are plugged in the area Ask Energy This man certainly notices the musty smell
Manager

T Ask Enery
What 2
<D
D
odor? \
/

Is this a potential opportunity ‘
or snarpy improvements Y [ Yes  [No (Check Answer)

[t hiss potentiaopportonity [ ves [ JNo [Check Answer

10INVESTIGATICRHASE; BUILDINGVALKDOWN INDOOFRENVIRONMENTAQUALITY

Indoor Environmental Quality ¢ prescriptivechecks

1 Check for mld (which could indicate water problems or envelggeblems)
Check for swer gases coming into the building via the ventilation systéftosr drains)
Check for exhaust fans not ruimg when they should b6ume management).

Check fodead animal(s) in the building structure or ventitatisystems

=A =4 =4 =4

Are there areas that are stuffy or have unusual odors?

?

10INVESTIGATIGRHASE; BUILDINGNALKDOWNINDOORENVIRONMENTAQUALITY

1 Ask if there are any questions
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Chapter 11: Investigation Phase: Air Distribution Systems

INSTRUCTOBUIDANCE
TIME 15MINUTES
LESSONBOAL LEARN HOW TO WALK DWHE AIR DISTRIBDNISYSTEMS OF A BUMG
MATERIALSPOWEROINT SLIDEKL AIRDISTRIBUTION SYSTEMESTIGATION PHASE
LEARNIN@®BJIECTIVES

1  WHAT TO FOCUS ON WHERVIEWING AIR DISSRTION SYSTENSJCTWORK

11 RETUNING STEPS
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DUCTWORKNTEGRITYLEAKING PROPER CONNECTIONB ANNTS

IFBOTHTHESPACES) SERVED BY THECTWORKND THE AREA THAETJCTWORRUNS THROUG
ARE AT OR NEARETSAME TEMPERATURHES COULD BE AN IRBTION OF A BIG LEAKSPECIALLY
IF THE SPACE IS AN OR UNOCCUPIPBGEMECHANICAL ROQM

ACCESS TO ATTICS BRBWL SPACES TO FERIUCTS IS NECESSAFE CAREFUL WHEN HESE
SPACES

ISTHEREDUCTWORKHAT IS CRUSHED QRTHENED
ISDUCTWORKAGGING OR NO LONGERACHED TO ITS SURPBIANGERS
DIRTDUST TRAILS NEARNIT®I OR SEAMS IN THECTWORK

TAPE OR INSULATI®NT ATTACHED OR HRW&FROM THE DUCTW®@R

11 INVESTIGATIORHASE; BUILDINGNALKDOWN AIRDISTRIBUTIORYSTEMS

Air Distribution System¢ prescriptive checks

T

Checlattics and crawl spaces to vriducts as necessary be careful when in these spaces
(animals, insects, heat, obstructions, etc.). Look tartwork that is crushedr flattened,
ductwork that is sagging or no longer athed to its support hangersirtidust trails near joints
or seams in the ductworkape or insulation that is not attached or hanging from the ductwork

Check that ductwork is sealed properBuctvork that is not sealed correctly can cause the
building to become depressurized. This can allow unconditioned and unfiltered air into the
building. This can lead to health problems floe occupants of the buildingmproperly sealed
ductwork can lead t@omfort problems Soméimes it will only show when the building is
subjected to temperature extremes that are at or near the design temperature of the building

design conditonsC2 NJ ySg O2y aid NHzOGA2Y I fmmE: AN f23a3

air loss when putting in a new ductwork system (per SMACNA & ASHRAE)

Check for dctwork that is crushed or flattened
Check for dctwork that is sagging or no longer attached to its support hangers.
Check for @t/dust trails near joints or seams in theuctwork (air leak)

Check forape or insulation that is not attached or hanging from the ductwork
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vvyvyyvyy

AR LEAKAGE MAY INGBE OVERME BECAUSE :OF

CONSTRUCTIQWDDING TO OR DISTUINRB THE DUCTWORK
DAMAGEMAINTENANGBTHER ACTIVIT)ES

EXPOSURE TO THE OUORELEMENTS CAUSIMBAGE TO THE DUCATVRIAL

OPERATIONAL CHANGESUCT STATIC PREESBET POIN{ISCREASED STATIC

11 INVESTIGATICRHASE; BUILDINGNALKDOWN AIRDISTRIBUTIOSRYSTEMS

Air Distribution SystemAir Leakage prescriptive checks

T

Studies show between 10% and 30% of the conditioned air (heated and cooled for cosnfort) i
wasted because of leakage throudhawork.

C2NJ ySg O2yaiNUzZOGA2YyZX fmmE:> FANI f2aa Aa 0O2ya
putting in a new ductwork system (per SMACNA & ASHRAE)

Excessive duct vibration should be explored for root cause of initial duct failure (poorly installed,
somebody stepped on it when it was not designed for the load) etcpossibly noise

transmission from the fan and motor, indicating a problem with the fan/motor assembly
possibly about to fail.

Checkfirecent remodel or other work was done in thisea (above the drop or hard ceiling)f
true it may beprudent to spot check the integrity of various system components after work
above ceiling spacds/here ductwork and other building systems are locathdsbeen
completed

Have systems served by fanigh variable frequency drives or inlets vanes (static pressure
controlled) encountered changes to static pressures recently (increased static pressure
operating set points)? This may contribute to increased leaks or leakage rates.

The use of a thermammaging camera (if available) will also help spot air leaks, both in summer
(cooling) and winter (heating). Significant temperature contrasts in a thermal image will quickly
pinpoint the source of leaks. If a thermal imaging camera is not available,ititéng the

source of leaks will require more persistence and effort. Professionals rely more and more upon
the use of thermal imaging cameras to find these types of problems.
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P> DUCTWORK THAT IS N§SEALED CORRECTLYGMNE THE BUILDINGBECOME DEPRESSERIZ
THIS CAN ALLOW UNCONDNED AND UNFILEBERAR INTO THE BUILDINGADNGTO HEALTH
PROBLEMS ROTHE OCCUPANTS

P IMPROPERLY SERLDUCTWORK CAN LESDCOMFORT PROBLEMS

P SOMETMESONLY MANIFESTED DNSRTEMPERATURE EXTREMEST ARE AJR NEAR THE BUILDIN
DESIGN TEMPERATURES

P THE POTENTIAL FOR DUEAKAGE CAN BEIBATED BY AIR BALENEFFORTS THAT DOENW
SUPPLY FAN AIR FLDA$CT TRAVERSE REGHIM/HICH SHOULD CLOSEAYCH THE TOTAL AIR
FLOWS MEASURED AT @DNNECTED DIFFISEREASURED WITH A HORDW APPARATLUS

P> UN-INSULATED DUCTWORKILMOST AS BAD A3KY DUCTWORK
ALTHOUGH THE AIR SIN.EAKINGHERE IS SIGNIFICAREAT LO$6AIN AS THE CONDINED AIR
FLOWS THROUGH-MSULATED DUCTWORIKIS CAN BE EVEN MBRONOUNCED WHEN THE
DUCTWORK IS IN ATSRACESROON ROOFEXPOSED TO HOT ORCCDEMPERATURES

11 INVESTIGATIORHASE; BUILDINGNALKDOWN AIRDISTRIBUTIOSYSTEMS

Air Distribution System¢ prescriptive checks

1 The use of a thermal imaging camera (if available) will also help spot air leak& bathmer
(cooling) and winter (heating). Significant temperature contrasts in a thermal image will quickly
pinpoint the source of leaks. If a thermal imaging camera is not available, then finding the
source of leaks will require more persistence and efferofessionals rely more and more upon
the use of thermal imaging cameras to find these types of problems.

9 Consider having professional perform a duct leakage test. Air leakage rates may increase over
time because ofconstruction (adding to odisturbing the ductwork), damaged ductwork (from
maintenance/other activities), exposure to the outdoor elements causing damage to the duct
material, operational changes in duct static pressure set points (increased statich\ etc.
professional can alsoetiermine if the duct distribution lines are properly balanced for air flow
and design requirements for heating and cooling loads.

1 The potential for duct leakage can also be validated by air balance efforts that document supply
fan air flows (duct traverseeadings) which should closely match the total airflows measured at
all connected diffusers (measured with a hood flow apparatus).
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P FLEXIBLE DUCTWORKIGISEAMS ARE GOOD CANOIES FOR LEAKSEY ARE ESPECIALLY
SUSCEPTIBLE TO LEGKWHEN LOCATED OHNETOUTSIDE OF A BNG OR EXPOSED HE T
OUTDOOR ELEMENTSIRHEHZTLY

P> PLASTIC TIE BANDS BHD BE USED TO RERBGIT FLEXIBLE DU® METAL COLLARRICT TAPE
SHOULD ONLY BE USBER SECURING INSUONTTO THE DUCT

P ROOF CURBS ARE ANGRAREA WHERE AIR CENKROOF CURBS ARE THENETOR MOUNTING
THATAROOFTOP UNIT SON, WHEN INSTALLED ONETRDOFTHEY ARE HARD TO GHEGR EAKS
BUT CAN BE CHECKFIRBINNING THE FANDAREELING AROUND THEETWORK FOR AIRKEAHE
OTHER OPTION IS T@PTHE COVER THE UNIT WHERE THEPBLY AND RETURN DGOME INTO
THE UNITAND JUST RESEAL WATH_LISTED DUCTWORK SRAL

11 INVESTIGATIGRHASE; BUILDINGVALKDOWN AIRDISTRIBUTIORYSTEMS

Air Distribution System¢ prescriptive checks

1 Fan Power design requirements for new offices mandate <1.5 BHP/1000AZEN&Ns over
sized and creating excess static pressure (or wsderd and not delivering minimum airflows)?

1 Are plastic ties used to connect flexible round duct to sheet metal duct? Are they secured or
KIFIgS GKS& 02YS f 22 aS Knecting @r sealivgzéaéis® G LIS dzaSR F2N

9 Duct sealing requirements are broken into 3 classes (Clagsafsverse joints only, Clasx;B
transverse joints and longitudinal seams and Classr@nsverse joints, longitudinal seams and
all applicable duct penetrationsPepending upon the design class, the effort required (and
cost) must be applied to duct sealing in new construction. These classifications determine
where sealant must be applied and do not necessarily determine the air leakage rates. Air
leakage ratesre impacted by construction methods, workmanship, operational fan static
pressures, duct design, reheat anariableair-volume (VAVboxes and other miscellaneous
devices installed in the ductwork.

1 ASHRAE 90.1, ASHRABand IECC should be reviewed fiorther code information.
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P> LOOK FOR INSULATIGHAT IS BALLOONED \WWHEHE FAN IS RUNN|MBID DEFLATES WHEN FAN
GOES OFREMOVAL ORHE INSULATION TO BSE THE LEAK MAYREEUIRED

P FEEL FOR AIR THAESEAPING AT OR ARDUNEREGISTERSRILLSAND VENTS
P> VENTS THAT HAVE N@ ALOW ARE GOOD CANOES FOR LEAKINGERROKEN DUCTWORK

P AIR MOVEMENT IN ATSICS ALSO A SIGR PROBLEM$S THERE HEATED NIRHE WINTER AND
COOL AIR IN THE SUERZ

P> IF ATTIC SPACES AREQUATELY INSULATEDT SNOW SEEMS TALMBUICKLY FROM REOF
THIS IS AN INDICATORHEATED AIR GETTINTO THE ATTIC THHOULD BE FURTHERLORED

P
t 7 /.‘ 4

>
A,; .

11 INVESTIGATICRHASE; BUILDINGVALKDOWN AIRDISTRIBUTIOSRYSTEMS
Air Distribution System¢ prescriptive checks

1 If roofsquicklylose snow and ice or rarely accumulate snow andiicelimates where snow
and ice occur)leaking ductwork above attic spaces should be considered as a pos@islitiyng
tempered air into the attic space)nd investigated

9 If attic spaces or crawl spaces are accessed during cold or hot weather and are found to be
G O2 YT 2iNTA (D fogt t@ signifisant duct leakage. If air movement can be felt in these
spaces and they are vented to the outside, check during awindy day. If air movement
persists, this should be investigated further.

1 Are vents in office and similar spaces showingair flow (or very little)? Verify balancing
dampers are not closed or failed closed. If open, and still no air flow, look for leaks in ductwork
in the attic or crawl spaces after verifying that the fan delivery systems are working and intact
(belts,sheaves, fan and motor assembly working properly, rotating correct directiof, etc

Chapter 11 112



f)

11INVESTIGATIAGRHASE; BUILDINGNALKDOWN AIRDISTRIBUTIOSYSTEMS

1 Ask if there are any questions.
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Implementation Phase T Introduction

P NOW THAT THE BUILDIWBLKDOWN HAS BEEN COMFEE IMPROVEMENT
OPPORTUNITIES SHOHADE BEEN IDENTIFMND DOCMENTED

P> BASED ON THE FINDINR®M THE BUILDING M@OWN PREPARE AN IMPLEMENDN
PLAN FOR EACH OF MAHOR FOCUS ARERNSE PLAN SHOULD

n

0 HIGHLIGHT THE CURRERNDITIONS) AND PROPOSED CHA(BEEO ADDRES
THE CURRENT CONDN({8PAND POTENTIMEASURES THAT CAN BE
IMPLEMENTED

0 INDICATE IF PROPOSERNGES REQUIRE ADDMAL COST TO IMPERIT THE
MEASURE

P THE FOLLOWING SECBOWLL PROVIDE THRINER WITH SEVERABHATB WRONG
SLIDES THAT PROVSDBEDENTS THE OPPORTY TO INTERACT WIMHE RAINING TO
COME UP WITH SOLUNS8OTO REAL PROBLEBESSINNING WITH THEIBDING ENVELQPE

P THIS IS TIME FOR IRRETIVE DISCUSSIOD AEEDBACK FROM SABEDENTS NOT
ALREADY OCCURRING
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Chapter 12: Implementation Phase T Building Envelope

INSTRUCTOBUIDANCE
TIME 15MINUTES

LESSOINGOAL LEARN WHAT PRESCRIETMPROVEMENTS MPLEMENT TO THE OWDESOF THE
BUILDING

MATERIALSOWEROINT SLIDEIR2 BUILDING ENVELOPPLEMENTATION PHASE
LEARNINGOBJECTIVES

T WHAT TO FOCUS ON WHERROVING DOORS AWINDOWS

T WHAT TO FOCUS ON WHERROVING WALLS ARDOFS

12 RETUNING STEPS

12 IMPLEMENTATIORHASE; BUILDING ENVELOPE
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P WHAT SOLUTION DO YRECOMMEND

Weather strigping and caulking around service door 15
cracked and in poor condition

I O Ass Energy
Marager

Is this a potential opportunity )
for energy improvement? D Yes D No

P REMOVE AND REPLACE DHDOR SEAL WEATBERIPPING

(Check Answer]

12 IMPLEMENTATIORHASE; BUILDINGENVELOPE

Exte

=A =4 =4 =4 =9

riorDoors¢ implementation suggestions

Install door seals on exterior doors where neristent ordamaged
Install door sweeps on exterior doors where neristent ordamaged
Install or adjust door closers on exterior doors for tight closing

Replacepoorly insulatedexterior doors.

During the building envelope wallown, what are two things to look for when looking at

the doors and windows?

High traffic doors (lobby entry points, ejcshould be checked more frequently than low
use doors. Doors where material is moved into or ofia building should also be checked
more frequently as material being moved often will rub against the doors and damage seals

and weather stripping.

Chapter 12
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P WHAT SOLUTION DO YRECOMMEND

Loading dock door is open and there is no truck in the Ask Energy

dock ' Manager

Is this a potential opportunity (—]
for energy improvement? I:I Yes D No Check Answer

P SOLUTIONTHE DOOR OPENING GENINTEGRATED TO FNFAGSYSTEMSO IRT IS OPEN FOR
MORE THAN A FEW MM&S THEHVAQUNIT IS TURNED OFF

P MAKE SURE THE EXTRRIGHTING CONTROMWORKINGPHOTOCELTIMERETC)

12 IMPLEMENTATIORHASE; BUILDINGENVELOPE
Rollup Doors¢ implementation suggestions

1 This solution will require somi@vestment in the controls (loveost). Rotup door sensors
that sense the rolup door being partally open (more than 1 fodtcan be integrated to the
HVAC system serving a loading dock or similar warehouse type spagpical control
sequence is to have the sensor turn off the HVAC system if theipadloor is open for
more than 515 minutes. A low temperature override should be considered (in case
someone leaves the doors open for long periods of time during colatie). Otherwise,
cold air could infiltrate into this space, causing more problems than the energy saved is
worth (frozen piping, etg.

1 The outside light is also on. If this were the middle of the dlaig, may indicate a problem.
1 Install door seals omoll-up doorswhere nonexistent or in disrepair.

1 Replacepoorly insulatedroll-up doors.
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BUILDINGENVELOPEMPLEMENTATIGNEXTERIOR INTAKE ORIEKMST GRILIGSWHATS WRONG

P WHAT SOLUTION DO YRECOMMEND

This air intake grill is one of two grills on the north-facing \TAsk Energy (
_

side of the building. It is obstructed by a dense bush.

b ‘/ 3

Is this a pottial opportuni
for energy improvement?

% [Jves [Jno

P SOLUTIONTRIM THE BUSHES ORER AWAY FROM THHELG8

12 IMPLEMENTATIORHASE; BUILDINGENVELOPE
Exterior intake grillsg implementation suggestions

T Lydr{1S aINRtfa R2 y2id ySS
YR KAia OFy Ol dzaS LINRO
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BUILDINGENVELOPEMPLEMENTATIGNEXTERIOCONDUITPENETRATION WHATB RIGHT:

P> PROPERLY SEALED PRNEDONS OF ANY PIBTMAT CONVEYS WAJTERS OR ELECTRICADISHD
BE A GOAL FOR ANYLEBUNG OWNER OR MAEBWNANCE FIRM

P THIS SHOWS CONDUIRISBPPROVED CAULKINGLS® ) APPLIED TO NOT ONHE CONDUIT
PENETRATION BADTSOrO NEARBY SCREW HOLE

12 IMPLEMENTATIORHASE; BUILDINGENVELOPE
Exterior piping penetrations; implementation suggestions

NI} G§SR T2 NJ

V] SIEAN FEaS ¥ |

T ! LINPLISN OFdzf {1Ay3ax &Stk fa :
0S dzaSRo® LT Iy AYOGSNR2SIR 50t

&
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BUILDINGENVELOPEMPLEMENTATIGNEXTERIORENETRATICBE HOLES SHOULD BE SB

P PENETRATIONREATED BY REMOVAIP@®ING OR OTHER/[ES THAT WERE MOBN TO THE
EXTERIO(R INTERIQRF THE BUILDING SHOWBE PROPERLY SEAFTER THEPING OR
DEVICE)RE REMOVED

P AN OPENING ALLOWS UANTED OUTSIDE ATRISTINSECTS AND POSSHERDS OR ANIMALS TO
HAVE ACCESS INITE BUILDING

12 IMPLEMENTATIORHASE; BUILDINGENVELOPE

Exterior Pipingg implementation suggestions

1 Hot or cold air infiltration, bugs, dirt argerhaps small rodents may also find access to a
building via poorly sealed penetrations.

1 A proper caulking, sealing agent rated for exterior use (water and solar resistant) should
be used. If an interior wall is being sealed, affated caulking agent ay be required.

1 Use paintable sealant for holes in the envelope
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BUILDINGENVELOPEVIPLEMENTATIGNEXTERIORIONDUITPENETRATIKD SHOULD BE SEA

P> PENETRATIONREATED BY INSTALONTOF PIPING OR GRHDEVICES SHOULPBEPERLY SEALE
AFTER TNE PIPINGIEYV/ICES) ARE INSTALLED

P> PIPE CHASES FOR REPEROULD BE SEALEBDTEE INSIDE OR OIDEXOR BOTH

12 IMPLEMENTATIORHASE; BUILDINGENVELOPE

Exterior Pipingg implementation suggestions

1 Hot or cold air infiltration, bugs, dirt and perhaps small rodents may also find access to a
building via poorly sealed penetrations.

1 A proper caulking, sealing agent rated for exterior use (water and solataei should

be used. If an interior wall is being sealed, affaeed caulking agent may be required.

Use paintable sealant for holes in the envelope

Construction activities to make improvements, can often cause envelope problems (insulation
removed,not replaced or penetrations created but not sealed properly)

= =
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BUILDINGENVELOPEVIPLEMENTATIGNEXTERIORCONDUITPENETRATICBNSHOULD BE SEA

P> PENETRATIONREATED BY INSTALONTOF PIPING OR GRHDEVICES SHOULPBEPERLY SEALE

P PIPE CHASES FOR REPBMOULD BE SEALEDTEE INSIDE OR OUDESOR BOTMH

12 IMPLEMENTATIORHASE; BUILDINGENVELOPE

Exterior Pipingg implementation suggestions

1 Hot or cold air infiltration, bugs, dirt angerhaps small rodents may also find access to a
building via poorly sealed penetrations.

1 A proper caulking, sealing agent rated for exterior use (water and solar resistant) should
be used. If an interior wall is being sealed, affated caulking agent ay be required.

1 Use paintable sealant for holes in the envelope

Chapter 12 122



BUILDINGENVELOPEMPLEMENTATIGNO_EAN THROOF ANCPAINT ITWHITE(WHERE APPROPRI)

P Q.EAN ANVHITEROOF

P IF THE ROOF MATERR\A DARK COLAFONSIDER PAINTINGVHITE

P> ARE THIROOFS CLEAN AKYHITERE

12 IMPLEMENTATIORHASE; BUILDINGENVELOPE
Roofs¢ implementation suggestions

i Check to ensure thate roof surfaceis clean.

1 Evennon-white roofs should be free of debris and clean. Debris that collects can also
block rain water from draining and this can cause other problems (ponding, etc.) on
roofs that can lead to worst problems inside the building

1 An existing roof that is not hite can be updated if the right paint material is applied.
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BUILDINGENVELOPEMPLEMENTATIGNEXTERIORLUGLOADSC HEATTRACEM ANAGELPROPERI?

P TURN THEHEAT TRACE OFF WHEN NEEDED

P> CONTROL SETTINGS SHDBE REVIEWED PERIALLY

12 IMPLEMENTATIORHASE; BUILDINGENVELOPE
Heat Trace and other exterior plug loadsimplementation suggestions

1 Check to ensure thdteat trace is off when not needed (seasonally or during mild
weather).

1 In some cases, it may be easier to manage these loads at the breaker panel or
disconnectswitch if provided.

T LT £STd 2y Ffft @SINE R2 y2i0 | Zivieyarekl G 0650
off (you might be surprised)

1 Other exterior plug loads may exist that you are not aware of, without walking the
exterior of your building on a peardic basis.

1 Other examples can include construction equipment, exterior lighting, signage, etc.
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P BASED UBN A THERMAL IMAGE ON EXTERIOR DQ@RIAT SOLUTICDD YOU RECOMMERID

P SOLUTIONEXTERIOR DOQRSHILE NOT LOWOSTMAY NEED TO BE REFEB AND SHOULD BE
CONSIDERED WHEN ENG DOORS ARE AEHIND OF THEIR USEEIFE AND NEED TOREPLACEIL
ENERGMEFFICIENT DOORS SHDALWAYS BE CONSIBE FIRST

12 IMPLEMENTATIORHASE; BUILDINGENVELOPE
Exterior Doors¢ implementation suggestions

1 Poorly insulated doors may also contribute to entry heaters and air conditioning units
running for longemperiods of timedue to heat gain or heat loss.
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BUILDINGENVELOPEMPLEMENTATIGNEXTERIORVINDOWS, WHAT@ WRONE

P> WHAT SOLUTION DO YRECOMMEND

P> SOLUTIONEXTERIOR WINDOWWSHILE NOT LOWOSTMAY NEED TO BE REFEB AND SHOULD BE
CONSIDERED WHEN WOWS ARE DAMAGED ORTAE END OF THEBEBUL LIFE AND NHEDBE
REPLACEOENERGMEFFICIENT WINDOWSDSHD ALWAYS BE C@¥RED FIRST

P> THE GLAZING IS CRAGAND PEELING AND SHOWBE REPAIRED

12 IMPLEMENTATIORHASE; BUILDINGENVELOPE

Exterior Windows ¢ implementation suggestions

1 Cracked window panes on double or trigpane windows compromise the thermal barrier.

1 The glazing on the edge is cracked pee@ling, also amdicator of window compromise.

1 Unless qualified for this type of repair, professionals should be hired to ensure a correct
window repair/replacement occurs. Otherwise, more problems could be created from
improper window repair/replacemst.

1 A qualified professional will also be able to match the repair/replacement to the existing
for U-factor, reflectivity, tinting, thickness, strength, etc.

NOTE: that this is a safety issue (greater reason to replace than just energy improvement)aue t
potential shards of glass hitting someone
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> EXERCISE

1. DURING THE BUILDINGVELOPE WAIXOWN WHAT ARE TWO THINGS LOOK FOR WHEBOKING AT

THE DOORS AND WINDEW

How DO YOU TEST T& SEHEAT TRACE MSID THE SUMMER

WHICH WINDOW IS THEBIT ENERGY EFFICJ/BNSINGLE PANE OR BOE PANE WINDGW

TRUE ORALSEHOLES IN THE BUILDENS/ELOPE ARE NOT SABOR CONCERN ORRWDTHEFFORT

TO SEAL UP PROPERLY

5. VIEW THIS LINK TO SEFFPORTUNITIES THAGNIT EXIST IN YOURME AS SOME OR AIFLTHESE MIGH]
EXIST IN YOUR BUNGI
HTTR// WWW.ENERGYSTAFOV IA/ PARTNERBUBLICATIONSUBDOJSEAL AND INSULATEPDRELCS
B233

N

P w

12 IMPLEMENTATIORHASE; BUILDINGENVELOPE

Exterior Windows ¢ implementation suggestions

1. Doors should be checked for proper seals along tops, sides and bottoms. Windows
should be checked for cracks, caulking and if operatiat they are closed

Check with a temperature gun or your hand (warmer dnaent to the touch)

3. Double Pane

4. False

N
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Chapter 13: Implementation Phase 1 HVAC Systems and Controls

INSTRUCTOBUIDANCE
TIME 15MINUTES

LESSOINGOAL LEARN WHAT PRESCRIBTMPROVEMENTS IMPLEMENT ON THFAGYSTEMS
OF THE BUILDING

MATERIALSOWEROINT SLIDEK3 BUILDINGHVAGSYSTEMS IMPLEMENTONPHASE
LEARNING®BJIECTIVES

T WHAT TO FOCUS ON WHERROVINGHVAMRTLS

T WHAT TO FOCUS ON WHERROVINGVACGCONTROLS

13 RETUNING STEPS

13 IMPLEMENTATIORHASE; HVACSYSTEMS ANBONTROLS
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P ENSURE THATNKAGERACTUATORSAMPERLADES AND CONTRABRE WORKING CORRECTL

13 IMPLEMENATIONPHASE; BUILDINGHVACSYSTEMS ANDONTROLS
HVAC Economizersimplementation suggestions

1 Tighten loosdinkages andubricate damper shafts so dampemsove freely.

1 Adjust economizer controller for correct set point setting per vendor installation and
startup literature and matched to local climate zone (if enthalpy is used). Otherwise,
suggest dry bulb setting of 7B for western U.S. and &5 for midwest and northeast U.S.
and 60F for southeast U.S.

91 If Demand Control Ventilation (DCV) is part of economizer contiisésCQ sensor should
be verified for correct reading and the minimum to maximum damper response when the
CQ sensor is below allowed litnand exceeds maximum limit should be verified. The
recommended minimum damper response 5% open and the maximum limit should not
be greater than the current minimum damper response without, J@CV) control. Most
office buildings usually have minimmudamper positions in the range of 13D% open, but
this can vary based upon many factors.

1 Verify that the damperare properly seft their minimum position. Calculate the outdoor
air fraction by reading theeturn-air temperature (RATmixed-air temperature (RAT) and
outdoor-air temperature (OAT) The equation for this is as follows: [(RMRAT) / (RAT
OAT)] * 100. For example, if the temperatures recorded are: RAT = 72, MAT = 60 & OAT =
40, the equation would be [(#80) / (7240)] * 100 = [12/32* 100 = 37.5% open.
Normally, minimum damper settings would not be more thar2l®6 open. This might
indicate asystemthat is overventilating when the damper is at its minimum setting and in
need of some adjustment.

1 If DCV does not exist, this may bee opportunity to consider for possible improvement
(unless the existing thermostat or digital controls already have this capability incorporated
in the controls).DCV (depending upon the design requirements required by local energy codes)
allows for ugiag one or more sensors to measure,@Cthe space being ventilated. Based upon
the measured readings (Parts Per MillpRPM), and the required minimum or required
difference when compared to some known outside ambient value, the outside air dampers may
be allowed to remain closed or mostly closed as compared to standard ventilation controls.
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BUILDINGHVACSYSTEM$MPLEMENTATIGNHVACLOUVERS ANGRILLSERFORMAN

P AX LOUVERBHAT DO NOT OPEN PRALY

P> CLEAN GRILLS THAE ARRTY

13 IMPLEMENTATIORHASE; BUILDINGHVACSYSTEMS ANCONTROLS
HVAC Economizersimplementation suggestions

1 The picture on the left shows the power exhaust fan reliewbngding air out the roof top

dzy A i Q& LR oSN SEKFdzad TFryQa o6F 01 RNIFG RIYLISND

the back draft damper should close adequately to mitigate excess outside air being drawn
into the rooftop unit during cold or hot weathe If it does not close, make adjustments to
the louverby lubricating thehingesor cleaing obstructions to ensure that it closes when

the power exhaust fan is not running.

1 Verify that the power exhaust fan does not run until the economizer outsideainper is
at least 50% open (or greater). If the economizer damper is mostly closed and the power
exhaust fan is running, this can lead to the building space experiencing a negative static
pressure condition, which will result in outside air infiltratimgo the building space (not
desired).

1 Keep intake screens clear of vegetation and debris.

1 Look at the economizer iake bird screens. They are sometimes low to the roof structure
(or goundif located on the groundand hard to remove. Generally thatake screes
never get checked or cleaned during maintenaifcthe packaged units have economizers

1 Clean dirty intake screens (usually with water or compressed air)
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BUILDINGHVACSYSTEM$MPLEMENTATIGNHVACLOUVERS ANGRILLS PERFORMA

P> CLEANNTAKE SCREENS ONRK@® EQUIPMENT BEEQREY BECOME PLUBGE

13IMPLEMENTATIORHASE;, BUILDINGHVACSYSTEMS ANCONTROLS
HVAC Economizersimplementation suggestions

1 The pictureabove shows a clogged intake screen. This Rooftop Unit was unable to
economize properly, resulting in mechanicaloling required to operatsooner than it
should have.

1 This wasalso contributing to a negative building condition (unable to draw outside air in
for adequate ventilation and pressurizationYhis may cause comfort problems in the
spaces during hot andotd weather.

1 These intake screens can often be overlooked by maintenance staff as they are sometimes

G 2 ddisight, outof-mind.£

1 These screens should be periodically inspected (prior to the cooling and heating seasons

spring and fall) and cleaned befoagcumulations exceed the point of being able to see
light through the screens.
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\AA A

HEATING ANGOOLINGSYSTE
NOISESSMELLSBELTSBEARINGSHEAVES
HEATPUMPCYCLES

PoOwWER

13 IMPLEMENTATIORHASE; BUILDINGHVACSYSTEMS ANGONTROLS

HVAC Systemsegieral guidelines; implementation suggestions

T

=A =4 =4 =4 =9

Inspect and verify that the disconneist turned on all HVAC systems (many times they are
not ¢ leading to occupant comfort issues and use of other (portable heaters, fans, etc) to
solve comfort

Listen for loud noises and feel for unusual vibrations and smell for any signs of burning.
Identify sources and resolve or notify others for further resolution

Fixor replace loose fan beltgnotor running without belts happens a lot!)

Inspect and adjussheaves for proper fan operatigfubricate bearings as required
Cleandirty fan wheels and dirty coiland change dirty filters

Cleancondensate drain pan and ensure trap is pringtbr to the cooling seasan

Secure equipment cabinet doors and panels that are lossep the outside air from
entering into the building, ecept through the outside air intake filtration system).

Inspect heat pump defrost cycles for correct operations, especially during moist weather
when outdoor-air temperatures are below 4@ that persist for several days. If outdoor
coils do not defrost poperly, the heat pump cannot work properly.

Verify that the heat pump control for thauxiliary heating coil (gas or electric as designed)
is configured correctlywhen outside air temperatures dropelow minimum design
conditions.
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91 Inspect for signs of Freonleakage on the outdoor and indoor coils (oil will accumulate and
dirt will collect at that location in large quantities) and repair or notify others for future
repair.

1 Inspect formissing insulation and replace ose duct connections and secure cortlgc

f Remove legacy systems
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P> YOU FIND THE OUTDOSIR DAMPER HABROKEN LINKAGEHAT SOLUTION DO YRECOMMEND

P> SOLUTIONFX THE LINKAGE ANBHE SURE THE ECONKERIIS OPERATING RE®TLY AFTER THE
REPAIR

13 IMPLEMENTATIORHASE; BUILDINGHVACSYSTEMS ANCONTROLS

HVAC Economizersimplementation suggestions

1 Itis also possible that the damper was disconnected on purpose by the service provider or
maintenance organization as the economizer controller or actuator may have failed with

the outdoor dampers in a mostly open (energy intensive) position.

1 Verify that, before you reconnect, the economizer controller and actuator are working
correctly. If not, replacement may be necessary.
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BUILDINGHVACSYSTEM$MPLEMENTATIGNHVACSYSTEM; WHATG WRONE

P> YOU FINOROOF TOP UNIT HASENE ACCESS PANEHAT SOLUTION DO YRECOMMEND

RTU access panel is bent open on the bottom T m
Manager

Is this a potential opportunity
for energy improvement? D Yes

CIve

P SOLUTIONRX THE BENT ACCESSHL DOOR TO MITIGATEAKAGE OF OUTSEINTO THE UNIT

13IMPLEMENTATIORHASE; BUILDINGHVACSYSTEMS ANCONTROLS
HVAC Roof Top Unitsimplementation suggestions

1 When duct leakage is being evaluated, it is important to also consider HYAC components
and accessories (as noted in the slide) as extensions or duct devices that can contribute to
air leakage and sometimes in more significant ways than the actual ducts.

1 These HVAC systems are easier to access than ducts, so their proper configuration is
something that should be given attention to.
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P> YOU FINOROOF TOP UNIT HAS DIFFILTER®HAT SOLUTION DO YRECOMMEND

Filthy filters inside RTU I AskEnergyl__ P4
Manager

Is this a potential opportunity I
for energy improvement? M Yes D No Check Answer
P> SOLUTIONREPLACE THE DIRTYERS BEFORE THEXGGDR START PASSINGTY AIR TO THE

HEATING AND COOLIBGILS AND FAN SEGITIENDCONSEQUENTINTO THE BUILDINGABIES

13 IMPLEMENTATIORHASE; BUILDINGHVACSYSTEMS ANDONTROLS
HVAC Roof Top Unitsimplementation suggestions
1 Make sure the correct filters (size, minimum ratings etc.) are always used.

9 If the unit comes with filter racks and filter seal plates, make sure they are installed (so air
cannot bypass around the filters).

1 Filters should be dated (g¢he next person knows when they were installed) when replaces
and installed with arrows in the correct direction of air flow.
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BUILDINGHVACSYSTEM$MPLEMENTATIGNHVACSYSTEM; WHATG WRONE

P> YOU FINOROOF TOP UNIT HAS DYRCOILSVHAT SOLUTION DO YRECOMMEND

P SOLUTIONCLEAN THE DIRTY GBEFORE THEY CLRG IMPACT AIR DELR¥EAND COMFORT AN
POSSIBLE EQUIPMEMMBGEHCOMPRESSORS C).

13IMPLEMENTATIORHASE;, BUILDINGHVACSYSTEMS ANCONTROLS
HVAC Roof Top Unitsimplementation suggestions

1 Care with coil fins should always be exercised when cleaning coils. If the fins are bent over,
they will impede air flow, create adde@strictions and negatively impact heat transfer to
the coils.

1 Dirty coils can also affect air flow, which can affect compressor performance. If air flow is
too low, the evaporator coil can start to freeze. If this occurs, it is possible for refrigerant
to flood back to the compressor as a liquid, potentially damaging the compressor
(especially on older compressors that are not as kind with liquid).

I Use arecommended cleaning agent to remove dirt and grease.
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P> YOU FINOROOF TOP UNIT FANMESSINGWHAT SOLUTION DO YRECOMMEND

Fan inside RTU is missing 1 Ask Energy]l__ .4
Manager

Is this a potential opportunity z Yes D No

for energy improvement?

Check Answer

P SOLUTIONREPORT THAT PROBLEMIHE OWNERTHIS WILL REQUIREPITAL TO FIXNSTALL A
NEW MOTOR

13IMPLEMENTATIORHASE; BUILDINGHVACSYSTEMS ANCONTROLS

HVAC Roof Top Unitsimplementation suggestions

1 When some RTUs have failed, the other RTUs adjazehe space served by the failed units
may have to work harder, as those adjacent spaces will impact the wdrdibig during hot or
cold weather.

9 This igddue to their proximity and O&M staff leaving doors open to algpsces served by
working RTU# ¢spilk their conditioned airto helpoffsetthe heating and cooling loads that are

no longer being served. So this condition can cause cascading problems to other HVAC systems,
if not resolved

Chapter 13 138



P> YOU FINOROOF TOP UNIT FANMSKING A VERY LOUDISEWHAT SOLUTION DO YRECOMMEND

Squealing sound coming from this RTU " Ask Energy | m
L Manager

Is this a potential opportunity [ " r ’
for energy improvement? M Yes D No Check Answer

P SOLUTIONREPORT THAT PROBLEMIHE OWNERTHIS MAY REQUIRE TAR TO FIINSTALL A
NEWFAN ANIMOTORASSEMBL)Y

13 IMPLEMENTATIORHASE; BUILDINGHVACSYSTEMS ANCONTROLS
HVAC Roof Top Unitsimplementation suggestions

9 This probably isnore of a maintenance issue, but if the belts are not properly installed or more
energyefficient belts (application dependent) were not installed, this may be an energy
efficiency improvement opportunity for the maintenance team.

1 When belts are not aligrieproperly between the motor and fan, it is possible to generate
excessive friction, torque and strain on several components above. This can include the belts,
the motor, the motor bearings and even the fan shaft. If this results in additional frictional
losses, these can reduce the motor efficiency (increased motor load)LBy®H
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1 SOMEPACKAGED EQUIPMENTIWHAVE GASIRED HEATING SYSSE@NOT ELECTRIC
B VERIFY THAT THE COMBIONAIR INTAKE IS PROPERONFIGUREDNO BLOCKAGE

B VERIFY THAT THE GREPSURE REGULATGETSCORRECTIRAINED TECHNIC)AN

P THESKE3)PICTURESEPRESENT DIFFEREMACSYSTEMS ARDOFS THAT ARE PRABASTILL IN
OPERATION TODAYHEY INDICATE THE GQEXITY OF POOR BESAND LACK OF MABWANCE

13 IMPLEMENTATIORHASE; BUILDINGHVACSYSTEMS ANCONTROLS
HVAC Systemsegeral guidelines; more implementation suggestions

1 Look for abandoned equipment that is no longer in use. In many cases this old equipment gets
no attention and can be a place where energy is wasted unknowingly by allowing air to infiltrate
the building, which can cause céor issues and raise the cost of heating and cooling a building.

1 Walk around all of the equipment, noting the model numbers and serial nunbesplacement
parts or manuals are needed this will be important to have to find correct components.

1 Make somayeneral notes about the condition of the equipment. Examples (Clean or dirty coils
and intake grills, panels or parts missing, panels that are befittiflg or missing screws)

1 Are there any uncommon noises (thumps, squeaks or vibrations) comingtieoeguipment?

1 Note all the different types of equipment (ConditioninGas Packaged or Heat Pump, Non
conditioning- intakes and exhausts)
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9 Look at exposed ductwork, looking for air leaks and holes in the sheet metal. Missing seals
where the ductwork mathes up to the unit or leaks at other connections and roof curbs.

9 Turn the unit off Gtress safety before proceeding beyond this pdinand follow required
safety procedures (Lock & Tag, .etc

1 Open up the covers on the unit and look at the filter andscdilake sure the filters are the
correct size and there is no area for air to bypass around the filter. Pull out a filter to see how
dirty the filter is, or when it was last changed. Verify the filter is installed correctly regarding the
proper directionof airflow through the filter. While the filter is removed, look at the cooling
coil. It should be clean and free of debris. Look at the drain pan under the coolindt should
be somewhat clean and have no standing water in it. If there is stamdibegy in the pan, the
trap may be plugged or installed incorrectly, or the unit does not have a trap installed. If the unit
has a trap on outlet of the drain pan, check to sathfis water in it. If the filters and coils are
clean there is a pretty gabchance that the units are receiving regular maintenance.

9 Look at the fanlsthe blower wheel and motor clean® there is a fan belt, are the sheaves in
good shape? They should not be grooved out too deeply. Is the fan belt in good condition?
Verify tat it is not cracked or broken.

1 Is the refrigeration system properly charg@dth safety in mind as this is a pressurized system
that only trained and qualified personnel should work on beyond this pditThis is generally
verified as part of thescheduled maintenance service. If yaoe aot qualified to checkhe
refrigerant charge, it is a good idea to have somewhe knows how to do this for a few
reasons. The first reason is safdtye second reason is that if not done properly, problems
within the refrigeration system can be created that can lead to high energy and maintenance
costsand the third reason is that many parts of the country will fine workers not qualified to
work around refrigerants (ODS0zone Depleting Substanceljore thanlikely there will be
some comfort issues before the problems are fixed. For the buildingdatk, look around the
refrigeration system for any places with a lot of oil that is dripping or coating an item on the
refrigeration system. This may be a looatifor a possible refrigerant leak. It could also be a
sign that the system maybe undercharged. An undercharged system will run longer to satisfy the
load then is needed. It will also shorten the life of the compressor.

9 Places to look for a refrigerargdk are the coilghe copper piping that connects to the coils,
and the compressor. Any item that is in the refrigeration system can develop a leak. If a leak is
developed over time it will grow bigger over time. Maintenance companies are required to keep
records of where they sell or install refrigerant for the EPA. It may be possible to find out if
there is a unit that is alays in need oadditional refrigeranperiodically througbut the year.

1 Look for an outdoor lockout thermostat that is wired teetsecond stage heating (electric
heater) on a heat pump. The thermostat should be a set to a temperature at which the heat
pump is no longer efficient and the electric heat needs to be the primary source of heat.
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Depending on the geographic location ahe tSEEFRS¢asonaEnergyHficiencyRatio) rating,

these factors will decide what that set point should be. We look for this to insure that the
second stage of heat does not come on with a first stage of heat every time there is a call for
heat. Back to ta SEER rating, the higher the rating the more efficient the unit. SEER ratings are
calculated by dividing the amount of cooling supplied by the air conditioner or heat pum@(BTU
per hour) by the powenWatts) used by the cooling equipment under a specft of seasonal
conditions.
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P WHAT® WRONG WITH THESETRIREBWHAT SOLUTION DO YRECOMMEND

P BETHER RELOCATE THERMOSTAT OR MOVE T®FFICE EQUIPMEMNRT IS GENERATINGRE

13 IMPLEMENTATIORHASE; BUILDINGHVACSYSTEMS ANGCONTROLS
HVAC Thermostatg implementation suggestions

1 Besidesinwanted sources of heat from office equipment, thermostats can also be impacted by
direct sunlight coming through windows (solar gain) or from direct impact from diffusers that
¢throwe air directly on the thermostat.

9 Thermostats can be found on perimetgalls or support columns near perimeter windows.

These locations often are impacted by outside temperature conditions and can cause conflicted
thermostat control.

9 Thermostats located on walls that separate two different zones, can be impacted by the
adjaent zone. Interior walls are rarely insulated and if the temperature in the adjacent zone is
significantly different (delta T >*B, this can result in energy flow between zones.

1 Just like a realtor will tell a prospective home buget XeLOCATION, LOCAMN, LOCATION!

9 Location is important for your house an@itmportant for the HVAC syst@rthermostat!

9 Verify the location of existing thermostats (or when preparing to install new thermostats)
is the optimum location for the space and HVAC system iteser

1 If the thermostat is mechanical, replacing it with a digital thermostat will save money (if
properly configured). If the mechanical thermostat is left in place, ensure it is configured
for acceptable set points.
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P THE BUILDING HAS AOGSRAMMABLE THERMOBBUT IT IS NOT PROGRIED TO TAKE
ADVANTAGE QMOCCUPIED SETBAGKB SET UPS
P WHAT WOULD YOU RECOBRMNIR
P PROGRAM THE THERMOBAS FOLLOWS
B UNOCCUPIED HEATING BBINT 65°F
B OCCUPIED HEATING BBINT=72°F
B OcCCUPIED COOLING BEINT=75°F
B UNOCCUPIED COOLING BBINF 82°F

13 IMPLEMENTATIORHASE; BUILDINGHVACSYSTEMS ANDONTROLS
HVAC Thermostatg implementation suggestions

1 Configure programmable thermostats properly for set points and schedules that match
occupancy schedules diie building or zone served

1 Theexample above shows thdifference between theoccupiedheating andoccupied

cooling set poins tobe atleast8F. ¢ KA &4 RAFFSNBYOS 6 &1 o & awl y3Is

be wider (the wider, the greater the energy savindsying the unoccupied period. In the
example above, th unoccupied difference is 1%

1 Why do scheduled settings in programmable thermostats degrade (widen) over time
(energy savings persistence is lo8tHere are some possible reasons, that one should be
aware of and consider what new technology in theriket place (or existing features in
existing thermostats) may help to mitigate:

A Extreme weather$olution¢ Optimal Start Feature)

A Mission or space changes where RTU serves multiple office spgacksién
¢ wired or wireless temperature sensors)

A Temporaryschedule changes$plution ¢ temporary occupancy override
button)

A Unplanned use events$Splution ¢ temporary occupancy override button)

A Other (Verify location and false readings are not impacting thermostat
response); Thermostats in vacant, locked offispaces are very

problematic
/2y FAIdZNE LINPINFYYFOofS GKSN¥Y2adldQa 2LIGAYIFE &
f +SNRAFe (GKFG GKS GKSNXY2adalid Aa yz2i Ay al 2t R Y
T +AS¢6 GKAAa fAy]l G2 aSS I RSY2yaidNXdAaAz2y 2F &aSii

http:// www.energystar.gov/index.cfm?fuseaction=vid gallery.showGenYTVideo
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THE BUILDING HAS AOBRRAMMABLE THERMOBBUT IT IS NOT PROGRAED TO TAKE
ADVANTAGE OFHEDULEG IT CAN BE PROGRAMMEDDAY OF THE WEEK
WHAT WOULD YOU RECOBNI?
TALK TO THE BUILDINGCUPANTOWNERMANAGER AND FIGURETONHAT THE TYPICAL
OCCUPANCY IS FORHEBAY OF THE WEEK
BASED ON DISCUSSIONMBUILDING OCCUHSNIHE BUILDINGTNPICALLY
P OCCUPIED FROM30A.M. TO6:00P.M. ONMONDAY THRTHURSDAY
P FROM7:30A.M. TO5:00P.M. ONFRIDA®S
NO OCCUPANCY ON WBRHEKE

v vv VY

v

13 IMPLEMENTATIORHASE; BUILDINGHVACSYSTEMS ANDONTROLS
HVAC Thermostatg implementation suggestions

1 Configure programmable thermostats properly for set points and schedules that match
occupancy schedules diie building or zone served

1 Why do scheduled settings in programmable thermostats degrade (widen) over time
(energy savings persistence is lo8tHere are some possible reasons, that one should be
aware of and consider what new technology in the market place (or existing features in
existing thermostats) may help to mitigate:

A Extreme weather$olution¢ Optimal Start Feature)

A Mission or space changavhere RTU serves multiple office spac®sltion
¢ wired or wireless temperature sensors)

A Temporary schedule changeSdlution ¢ temporary occupancy override
button)

A Unplanned use events$plution ¢ temporary occupancy override button)

A Other (Verify loation and false readings are not impacting thermostat
response); Thermostats in vacant, locked office spaces are very
problematic
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P PROGRAM THE SCHEDUNEBHE THERMOSTATFASLOWS
P MONDAY THURSDAY OCCUPIEDMBMO0A.M. TO6:00P.M.
P FRIDAY OCCUPIED FR&EIROA.M. TO5:00P.M.
P SATURDANBUNDAY UNOCCUPIED MRE2:00A.M. TO11:59P.M.
P IF THE THERMOSTAT ANSOPTIMAL STARRPABILITYHEN THE START TINBSI BE CONFIGURE

FOR LATER THABN)OA.M. FOR EXAMPLET CAN BZ:30A.M. AND THE OPTIMAL STAFROGRAM
WILL ACCOUNT FOR BER STRATS

2am 4am 6z 8am 10am 12pm 2pm 4pm 6pm 8pm 10pm
Mon. - Thurs. SCHEDULED OCCUPANCY

2am 4am 6z 8am 10am 12pm 2pm 4pm | 6pm 8pm 10pm

Fridays SCHEDULED OCCUPAN

2am 4am 6am 8am 10am 12pm 2pm 4pm 6pm 8pm 10pm
Weekends SCHEDULED OCCUPANCY

13 IMPLEMENTATIORHASE; BUILDINGHVACSYSTEMS ANBONTROLS

HVAC Thermostatg implementation suggestions

1 Configure programmable thermostats properly for set points and schedules that match
occupancy schedules of building or zone served

9 Based upon the discussion with building owners and occupants, the actual hours of
occupancybegin at 7:30 a.m. This means that with optimal start, the start times can be as

late as 7:00 a.m. (allows 30 minutes to purge stale air from the building prior to
occupancy).

f Since Monday comes afteraRl @ ¢SS{1{SYyR> Al Yl & o Starttil@A al 6t S

to be one hour earlier (recovery issues). Otherwise, occupant complaints could result in
the entire schedule being pushed back to 5 a.m., for every day (out of frustration).
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P IF THE BUILDING HASCRAGED HEAT PUMPSHVAUXILIARY ELECTREATSEBACKS CAN INCREA
A BUILDING ELECTRIC DEMANBNSFICANTLY DURIMGRNING WARM UP PERIAS THE SPACE
WARMS FROM UNOCCUPTE> OCCUPIED SET\HS

P> CHECK TO SEE IF TAEKRAGED HEAT PUMRBMES WITH AN INDEPENNT OUTDOOR AIR
TEMPERATURE LOCKBOR THE AUXILLAREEIRIC HEASOME DOSOME DO NQT IF PROVIDED
ENSUREHAT THE LOCKOUTES 8T THE LOWEST $I85E OUTDOOR TEMPEBRRE SETTINMOST
LOCAL UTILITIES GYI/ISE ON THIS SHGT |

P IF THE PACKAGED HEWMP DOES NOT HAVNEINDEPENDENT OUTIRO®R TEMPERATURE
LOCKOUT FOR AUXIN.ERECTRIC HEARE PROGRAMMABLHERMOSTAT MAY HAWHS
CAPABILITAUXILLARY HEAT OUDBRA.OCKOYTIF IT DOEXSE IT

P IF IT DOES NQSEE IF THE THERMOSHAS MULTIPLE SCHENG OF SET POINCESPABILITYF THE
THERMOSTAT HAS MWPILH SCHEDULE®NSIDER RAISING BHE POINT RIDEGREEINCREMENT
STARTING ATA.M., 6 AM. AND7 A M.

b a YARE THERMOSTATS DESIGRER HEAT PUMRPSJTOMATICALLY PERFARIE PREVIOUS
FUNCTION WITHOUT AADDITIONAL SCHEDWE (IWTELLIGENRECOVERY

13 IMPLEMENTATIORHASE; BUILDINGHVACSYSTEMBNDCONTROLS

HVAC Thermostatg implementation suggestions

1 If the setback value is 85 (beginning at 6 PM the week night before or the Friday night before
the weekend), the following morning with a scheduled work occupancy should use the power of
the thermostat® multiple schedules to incneent the heating set point by’E every hour,
starting at 5 am. The following is a typical schedule:

65°F unoccupied heating set point at night and during the weekend

5:00 am 67F occupied heating set point

6:00 am69°F occupied heating set point

7:00 am 73F occupied heating set point

8:00 am 72F occupied heating set point (final value)

5:00 pm (Friday) or 6:00 pm (Mondayl hursday) 6% unoccupied heating set point

Too Too To o Too T

1 This is possible with a thermostat that proggifor 5 schedules per day and is a valid use. If the
thermostat is only increasindR in each step, the electric auxillary heating should not be used
(or minimally used). If the thermostat has a dead band value to preclude use of electric heat, it
shoud be set for 2F.

9 Also check to see if the heat pump has an outdoor lock out thermostat for the second stage
electric (auxillary) heat. This should be set as low as possible (consult with the heat pump
vendor and their recommendation for the geographilecation and the heat pun® SEER
rating, etc).

1 These are some recommended steps for mitigating electric demand spikes on the [®ilding
electric meter, during morning warm up periods.
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P IF THE DIFFERENCE/BEAN HEATING AND QOGBS SET POINT ISN,GOR EXAMPLEF, WHAT

SHOULD YOU B0
P HEATING SET POINT3°F
P COOLING SET POINTAF

P CHANGETHE SET POINTS TO
P HEATING SET POINT2°F (OR LOWER
P COOLING SET POINT5°F (OR HIGHER

13 IMPLEMENTATIORHASE; BUILDINGHVACSYSTEMS ANBONTROLS

HVAC Thermostatg implementation suggestions

1 Every IF dead band increase can result in as magli% energy savings.
9 Tight set points can result in equipment cycling between heating and cooling (especially if the

equipment is oversized, or the loads are reducadghts and weekends).
1 ASHRAE now recommend& %or minimum dead band values
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THE PROGRAMMABLE TMBERTAT IS SET BICUTOFANX WHICH MEANS THE PAN.L CYCLE

ON OFFWITHTHECOOLING OR HEATINBMMANDS

IS THIS AN ACCEPTABRECTICE

PROBABLY NOBECAUSE IT MAY NOTEMETHE VENTILATIODDE REQUIREMENTS

SUGGEST CHANGING BHEETING T® AN-ONE WHEN THE THERMOSTRAIN THE [CCUPIEDMODE
MOST PROGRAMMABLHERMOSTATS SUPPDIRE CONFIGURATION

THIS WILL INCREASEJRELECTRICITY CONSUON BUT MAY ALSO IMPRGM(EMFORT AND MEET
THE VENTILATION CGEERQUIREMENTS

PUTTING YOUR THERMABIN Ad DLE MODE MAY ALSO INCREANERGY CONSUMRTIO
NEEDLESSBY ALWXSOHOLDING THE SET POINT ANDINRELEASING TO UNORIED SETTINGS

vV VVVYVYYVY VY

13 IMPLEMENTATIORHASE; BUILDINGHVACSYSTEMS ANDONTROLS
HVAC Thermostatg implementation suggestions

9 There are now products on the market, to reduce fan power (VFD controlatjespond to
thermostat signals. When there is no call for heating or cooling, the VFD automatically reduces
speed by as much as 50%. Fan energy savings can be significant. Adding this capability is
probably a capital improvement effort with a veryigk payback.

1 A relatively new feature for the commercial market is calleddggre feature. lItis forthe
ooccupied modewhen thermostats are not configad for continuous run mode is designtd
mitigate dstratificatioré and to help improveventilation rates.
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vy VvV VvV VYVvYY

THE BUILDING HAS ARRGE NUMBER OF EXHRBSNS THAT ARE RUNNBIALL DAR4X7)

WHAT CAN WE O

IF THE EXHAUST FAMSYEH TIME CLOGIRROGRAM THEM TO ORER ONLY WHEN NEEQBRHEN
THE BUILDING IS OG@ED

IF THE EXHAUST FANBNID T HAVE TIME CKSOHEN RECOMMEND TGETBUILDING OWNER TO
ADD TIME CLOCKS

IF THE THERMOSTAT WASAUXLIARY OUTPUT FORIEXMST FANS AND THRERVE SIMILAR AREAS
CONSIDER USSN'HE THERMOSTATCINTROL THOSE EXHAERMNSHARDWIREEINTERLOQK

IN MOST CASEEHE PAY BACK FORSHEYPES OF MEASURIES BE LOWESS THANTOZ2 YEARS
IS THEEXHAUSTFANSERVING A USEFUL POSE ANYMOREUMES BEING GENERASEILL
ABANDONED SMOKING INBESETC) OR SIMPLY A LEGAOYATBYGONE ERA

13IMPL

EMENTATIORHASE; BUILDINGHVACSYSTEMS ANBONTROLS

HVAC Exhaust Fan Contr@s$mplementation suggestions

Exhaust Fans

1 Are they running, and moving air out of the building?
1. Some might have a belt that connects the fan to the motospect the
belt.
2. Others might be a direct drive.

3. ltis a good idea to look and make sure that the fan is turning and not just

making noise like it is turning and moving air.
1 Are they in good condition, no missing panels or grills?

1. Alot of exhaust fans will have an access panel that gets you into the motor

and any other components inside of the exhaust fan.

aSyaz2NE 2N A& A0 AYGSNI201SR 6AGK GKS
thermostat)?

What is controllinghe exhaust fan, does it turn off and on, on a schedule or some occupied

a dzLJLJX e

1. Find out what is controlling the exhaust fan, note it for the report also make

sure that device that is controlling the exhaust fan works.

2. If there is nothing controlling the exhaust fan that is an opportunity in the

re-tuning of the building.

Retuning ideas

1. Exhaust Fan not moving air

2. Exhaust Fan running 24/7
3. Exhaust Faa legacy piece of equipment (Smoking Lounge, Photo copying machine room,
etc.)? Many older buildings had dedicated exhaust fans for smoking or fume generating equipment,

that are either outlawed or no longer in use today (newer photo copying machinesipeano fumes or

smells).
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P HEATING ANGOOLINGSYSTEM
P> INSPECT AND FIX ORIR¥EE LOOSE FAN BELT
P> INSPECT AND ADJUSEASHEFOR PROPER FAN OFERR
P> INSPECT AND CLEANTYIRAN WHEELS ANRDf COILS
P INSPECT AND CLEAN DBEINSATE DRAIN PANDABNSURE TRAP |SVER)
P> INSPECT AND SECURBIERQENT CABINET DGORND PANELS THAEAROSE
P ECONOMIZER
P INSPECT AND REPAIRRERLACE BROKBAMPERS OR MISSBEALS OR MISSINGIBES
P INSPECT AND REPAIRRERLACE BROKEN ORRGIPERLY ADJUSTERAER LINKAGES
P VERIFY THAT OUTSIDE BAMPERS ARE CQIRRE SET AT THEIRIMUM POSITION
P PROGRAMMABLEHERMOSTATS
P CONFIGURE PROPERLR $BT POINASID SCHEDULES THANT®H OCCUPANCY SCHETS
OF BUILDING OR ZONE
P OPTIMAL START IN PEAKND NOT I8 DLE MODE
P GASHREDEQUIPMENT
P VERIFY THAT THE COMBIONAIR INTAKE IS PROPERONFIGUREDND BLOCKAGE
P VERIFY THAT THE GREPSURE REGULATEETSCARECTL{TRAINED TECHNIC)AN

13 IMPLEMENTATIORHASE; BUILDINGHVACSYSTEMS ANDONTROLS
HVAC Systems Summagymplementation suggestions

A quick check of the economizer function can be performed by taking (3) air temperature
measurements afllows:

1 Common Sace Temperature (CSP) or Ret#tin Temperature (RAT)
1 OutdoorAir Temperature (OAT)
1 Mixed-Air temperature (MATY, this will be the most difficult temperature to take

1 Use the following equation to calculate the amount of outside aia(percentage/fraction):
[(CSR; MAT) / (CS®AT)] x 100. As an example, if the economizer is turned off (outside air
dampers are at their minimum position), and the temperatures are as follows:

CSP or RAT =°FR2 OAT = 4% and MAT = 55
[(72¢ 55) /(72-45)] x 100 = (17/27) x 100 = 0.6296 x 100 = G2O6tside Air.

1 If the expected percentage of outside air was 25 percent, this would show an obvious excess
amount of outside air that will create additional heating load in the winter and cooling foad i
the summer. The cause for the excess outside air should be corrected.

9 Possible causes for excess outside air when not economizing can include failed actuators, failed
damper blades and linkages, failed controls or set points, failed relief dampergfard o
blockages in ductwork, etc. If the rooftop units have powered return/exhaust fans, they may
not be working properly.
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9 This same formula and exercise can be used to check the economizer function during moderate
weather (4060°F outside temperature coritions) when economizers should be operating
instead of mechanical cooling.

1 Gas pressure regulator should be verified by a trained technician as their setting can impact
equipment performance.

1 Condensate traps should be alloweddgn dry¢ when located ouside in potential freezing
weather climate zones, otherwise the water may freeze and crack the trap or drain line.
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13 IMPLEMENTATIORHASE; BUILDINGHVACSYSTEMS ANBONTROLS

HVAC SystemBxecise
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Chapter 14: Implementation Phase 1 Indoor Condition

INSTRUCTOBUIDANCE
TIME 15MINUTES

LESSOINGOAL LEARN WHAT PRESCRIETMPROVEMENTS MPLEMENFOR THENDOOR
CONDITION OF THE IBDING

MATERIALSPOWEROINT SLIDEKA BUILDING INDOOR CONDNIMPLEMENTATION PHASE
LEARNING®BJIECTIVES

T WHAT TO FOCUS ON WHERROVING INDOOR @DNONS

T WHAT TO FOCUS ON THAGHT BE IMPACTINGIOOR CONDITIONS

14 RETUNING STEPS
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P ASMALL STRIP OF TIS®APER IS BEING IFED. INWARD NEAR APGN THE DOJRR SLIGHT

OPENING WHAKS WRONBWHAT SOLUTION DO YRECOMMEND

BUILDINGS SHOULD B¥EBSURIZED TO BEISILY POSITIVE TOMBMATE UNCONDITIONEIR
FROM INFILTRATINGONTHE BUILDIN®HIS BUILDINGEEMS TO BE NEGAIWERESSURIZED

IF NEGATIVEVHATHVAGSYSTEMS SHOULD BEGKED FOR PROBLEMS

SDE NOTEDOOR GAPS INDICATEAEK OF PROPER DSERLS AND SHOULIDFBED

14 IMPLEMENTATIORHASE; BUILDINANDOORCONDITION

Indoor Conditionsg Building Pressurization implementation suggestians

1

Use a small piece of paper, tissue or similar material to determine if air is being pushed out of
the building (building is positively pressurized), or being pulled into the building (building is
negativdy pressurized) at the entrance doors.

Doing this test on a windy day may be problematic. Suggest a calm day for this test.

Thermostats can be found on perimeter walls or support columns near perimeter windows.
These locations often are impacted dytside temperature conditions the building is
negatively pressurized.

Perimeter offices will be challenged during negative building pressurization conditions, if
holes or gaps exist in the envelope (outlets, windows, etc.)

If the building is negative earlier guidance suggested checking the intake filters and screens
(if plugged, little outside air can come into tli@it) and to also check thenit power
exhaust fans for correct operations.
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BUILDINGNDOORCONDITION$MPLEMETATION WINDOWMANAGEMENT WHAT@ WRONG

P THE WINDOW IS OPEWNHAT SHOULD YOUDO

Window is open Ask Energy

o —
Is this a potential opportunity
for energy improvement? D Yes D No l Check Answer

P SOLUTIONMEASURE THE ROOM TERIRTUREF IT IS TOO HOT D&O COLIFIND OUT WHYIT
COULD BE AIR BALARGOBLEM OR EXCESHBEAT LOAD

P IS THIS A SECURITWCERN FOR THE BUMGR

14 IMPLEMENTATIORHASE; BUILDINANDOORCONDITION
Indoor Conditionsg Window Management implementation suggestions

1 For alot of small commercial buildings, depending upon their business and their location, this
may also be a safety or security concern.

1 Periodically checking opgble windows may need to be more than just an occasional exercise if
safety or security is an issue.

1 Discussing these issues with the building occupants is also a very good idea.

1 Operable windows daiopen by themselves and may be an indicator of oghrblems (too
hot, indoor air quality issues, etc.).
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P> APORTABLE HEATERUSMNG ANDHE DIFFUSER IS RARTY COVERBNHAT SHOULD YOUDO

P HEATERS UNDER DESKS @OVERED DIFFUSERECATE OCCUPANTMEORT PROBLEMS

P SOLUTIONMEASURE THE ROOM TERIRTUREF IT IS TOO HOT D&O COLIFIND OUT WHYIT
COULD BENAIR BALANCEROBLEM OR EXCESHE/AT LOAD

P SOLUTIONARE THERMOSTATS NONEIGURED PROPERISYDISCUSSED EARZIER

14 IMPLEMENTATIORHASE; BUILDINANDOORCONDITION
Indoor Conditionsg Office HVAQVlanagement implementation suggestions

Internal ConditiongTenants, grills, office layout)

1 Are theregrillsthat are taped off?If yes, this could indicate a problem with distribution of air or
temperature control problem. There are so many things that could be the problem when you
see this (Examples include thermostat location, too much air into the space, etc.)

Are rooms andhallways comfortable, or cold and hot?

Does the building seem stuffy or haary unusual odors?Are there indications of an exhaust
air problem, or not enough fresh air beimgiroduced intothe building?

1 Are there a lot of tenant complaintsRre the conplaints abouthe temperature beindoo hot

or too cold?Is thereadequate resolution of tenant complaints?

91 Are there space heaters in the offg®lf yes, hiscould indicate a problem wittemperature
control or an air distribution problem

1 Has the usef the space changedPlave the office or cubicle changed in configuration (walls
moved, removed, spaces combined, etd¢)yes, tas the HVAC changed to meet the need of the
new configuration (thermostat locationduct anddiffuser locations)?

1 Talk to he tenants. Are there temperature complaintsAre the complaints at certain times of
the day?

1 Is there an aftethours operation for janitorial cleaning crews? If yes, when does the building

get cleaned? If it is cleaned at night do the HVAC systems run to support théaitecleaning

= =4
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efforts or are do they remain off? Do the HVAC systems teeun while janitorial crew is
cleaning the building (if this is at night)?

1 How are the lights controlled for the janitorial cleaning crew? How are the lights turned off
after the cleaning period ends?

1 How is equipment (HVAC & lights) operated fordiong afterhours?
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Chapter 15: Implementation Phase T Lighting Systems and Controls

INSTRUCTOBUIDANCE
TIME 15MINUTES

LESSOINGOAL LEARN WHAT PRESCRIBTMPROVEMENTS IMPLEMENT ON THE HIGNG
SYSTEMS OF THE BINGD

MATERIALSOWEROINT SLIDEKS BUILDING LIGHTINGSSEMS IMPLEMENTATIRHASE
LEARNING®BJIECTIVES

T WHAT TO FOCUS ON WHERROVING LIGHTING

T WHAT TO FOCUS ON WHERROVING LIGHTINGNCTROLS

15 RETUNING #HPS
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P YOU WALK INTO A CORERICE ROOM AND FINAT IT IS NOT INEJSND HAS NOT BEEN OBIED
IN A VERY LONG TIMEHAT SHOULD YOUDO

/. N
R

R

WHATACTIONMIGHT YOWONSIDER

OPERABLE LIGHT SWIBCENAGE

SEE IFEXISTINGCCUPANCY SEN$®)RREWORKING

LOW-COST IMPROVEMENT ORPUNITY FAGRCCUPANCIENSORS

DeLAMP IF THE SPACBVERLIT(MEASURE LIGHT LEYRLS

vvyvyvyyvyy

DIMMABLE LIGHTING MBARE

15IMPLEMENTATIORHASE; BUILDINGAIGHTINGSYSTEMS ANCONTROLS
Lighting Systems and Contrahplementation suggestions

1 These types of space (temporasgcupancy; conference rooms, bathrooms, lobbies, etc.) are
ideal candidates for automatic lighting controls (occupancy or vacancy sensor technology).

1 Spaces with natural day lighting may also benefit from day lighting controls.

1 Some of these solutiorome with cost and should be carefully applied to ensure they are
sustainable.
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P> YOU DRIVBY YOUR BUILDINGNMJON AND FIND ALLETBUTSIDE LIGHTS BRRNING
BRIGHI WHAT SHOULD YOU DOREMEDY THIS SITUAIZ0

P IF THE TIME CLOCK TRELS ARE NOT CONREDWHAT SHOULD YOU DO®OREMEDY THI
SITUATIOR

P> INSPECT AND ADJUSE THMER TRIPPERSDD®RITAL SETTINGS

P IF THE PHOTO CELNOS WORKING CORRECWMHAT WOULD YOU DO REMEDY THE
ISSURINSPECT THE PHOTOLEHE AND CLEAN IRTY ANOR MOVE TO BETTERADION
IF NECESSARY

15 IMPLEMENTATIORHASE;, BUILDINAIGHTINGSYSTEMS ANCONTROLS
Lighting Systems and Contrahplementation suggestions

1 Properlight levels should be maintained. Use a light level meteentsure that the lighfixtures
are notover lighting the buildingor under lighting if removed.

! Replace 12 lamps with Bsor T5s. AsT12sare6 | Y Y SR> GKA & aK2dzZ R 6S 2y
list. Group relamping may be the most efficient and economical way to undertake this effort.
Consider LEDs for applications where total cost is considefdeB®s can last significantly longer
than any other lighting technology and in haaireach areas or high labor cost areas, these
factors should be considered.

1 Clean fixtureslf fixture is dirty there is a reduction in the effectiveness of the fixture.

1 Reduceexterior lighting Power Density (LPDandparking area lighting. Do you need all of the
lights on the outside of a building on? There is usually an opportunity to reduce this lighting or
turn it off becausehis lighting may only be needed for a siradrt of the night. In many cases
the lights are used for employee safety and possibly building security.

1 Use CFL in place of incandescent bulbs where it ssese. They do not have the same
lighting levels that the incandescent bulbave

1 Occupancyensors in conference rooms, bathrooms and offices. Bathroom sensors need to
control the bathroom exhaust fan€heck to see if they are working properly and turn off
equipment as intended-or spaces that have low usagfeis might be something that would
make sense for these areas.
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1 Install signs at all switches that promstgaving energy by turning off lights. This is a very
effective way to promote energy awareness

1 Use photocells to control parking lots and exterior lights. It is preferable to use an astrological
clock for controlling the outside lights,réliable andnot complicated. Ensure that the photo cell
aSyaz2N) SeS Aa aOf Stye¢s vy 2 iiontha wilbodzdaHalsé eadifigr Yy R& Ol
(resulting in lights being on all the time, or potentially off all the time).

Retuning Ideas
1. Delamping interior lights
2. Replace T12 with T-8 6 s -500rs T
3. Clean fixtures
4. Reduce Exterior Lighting
5. Occupancy Sensors
6. Signhage
7. Photocells / Astrological clock
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P VERIFY THAT EXTERIGRTING FOR BUILGIENTRY POINT®ADING DOCKS ANHER
EXTERIOR LOCATIORS ®FF DURING THEY.DATHERWISE DETERMINE TAUSE AND FI

P IF THE PHOTO CELNOS WORKING CORRECWMHAT WOULD YOU DO REMEDY THE
ISSURINSPECT THE PHOTOLEHE ADICLEAN IF DIRTY ARR MOVE TO BETTERADION
IF NECESSARY

15 IMPLEMENTATIORHASE; BUILDINAIGHTINGSYSTEMS ANDONTROLS
Lighting Systems and Controhplementation suggestions

9 Either a photo cell or time clock or lighwitch is at fault for this energy waste. In some cases, it
could be as simple as a manual switch that has been left on (a manual light switch is not an
automatic control solution)

9 Often, photo cell controls can cause exterior lights to remain on, whardaover is heavy at
certain times of the day (early or late), which can indicate that the sensor eye is beginning to get
dirty and in need of cleaning

1 Exterior lighting control is often from a photo cell, similar to the one shown. They often become
dirty over time. When natural day light cannot reach the sensor, the photo cell assumes it is
dark outside (by design). This is a periodic maintenance item that requires cleaning to ensure
proper operation.
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DID YOU FIND ANY OFP@NITIES TO

>
>

vvyvyyvyy

DE-LAMPING INTERIOR HTG
REPLACHE-12 LAMPS WITH-8S ORI-5S

REPLACE INCANDESCENMIBWITHCFIS OR LIGHT EMITTIR®DESLEDR)

P LED ARE ESPECIALLY 3BOR HARD TO ACCAREBASREDUCE MAINTENANR)E

CLEAN FIXTURES OR P&M
REDUCE EXTERIOR LISBT

INSTALL OCCUPANCYSEHRS

INSTALG ORN OFF LIGHTS WHMENT IN USESIGNAGE AT MANUAGHTSWITCHES

USE PHOTOCELLS FORDMORINDOOR LIGHTING CRWLS

15IMPLEMENTATIORHASE; BUILDINAIGHTINGSYSTEMS ANCONTROLS

Lighting Systems and Contrahplementation suggestions

91 Proper light levels should be maintained. Use a light level meter, to ensure that théixights
are notover lighting the building, or under lighting if removed.

f Replace 712 lamps with Bsor T5s. AsTuH ad I NB o0l yYYSRX
list. Group relamping may be the most efficient and economical way to undertake this effort.
Consider LEDs for applications where total cost is considered. LEDs can last significantly longer
than any other lighting technology and in hamreach areas or high labor cost areas, these
factors should be considered.

0 K Agiiorigy K 2 dzf R

91 Clean fixtureslf fixture is dirty, there is a reduction in the effectiveness of the fixture.

1 Reduce exteriorighting Power Density (LPDand parking area lighting. Do you need alfraf
lights on the outside of a building on? There is usually an opportunity to reduce this lighting or
turn it off because this lighting may only be needed for a small part of the night. In many cases,
the lights are used for employee safety and posdibiyding security.

1 Use CFL in place of incandescent bulbs where it makes sense. They do not have the same
lighting levels that the incandescent bulbave

Chapter 15

164

(o



9 Occupancy sensors in conference rooms, bathrooms and offices. Bathroom sensors need to
control the lathroom exhaust fansCheck to see if they are working properly and turn off
equipment as intended-or spaces that have low usage, this might be something that would
make sense for these areas.

91 Install signs at all switches that promstgaving energy biurning off lights. This is a very
effective way to promote energy awareness

1 Use photo cells to control parking lots and exterior lights. It is preferable to use an astrological
clock for controlling the outside lights, if reliable and not complicaEtsure that the photo cell
aSyaz2N) S&S Aa aO0tStryées y2iG 20a0dz2NBR o0& I yRaol
(resulting in lights being on all the time, or potentially off all the time).
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15IMPLEMENTATIORHASE; BUILDINAIGHTINGSYSTEMS ANCONTROLS
LightingSystems and ControlExercise

l yasgSNRY
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Chapter 16: Implementation Phase 1 Hot Water Systems and
Controls

INSTRUCTOBUIDANCE
TIME 15MINUTES

LESSOINGOAL LEARN WHAT PRESCRIBTMPROVEMENTS MPLEMENT ON THE HWATER
SYSTEMS OF THE BINGD

MATERIALSOWEROINT SLIDEKS BUILDING HOT WATERSSEMS IMPLEMENTAT RHASE
LEARNIN@®BJIECTIVES

1 WHAT TO FOCUS ON WHERROVING HOT WATERSTEMS

T WHAT TO FOCUS ON WHERROVING HOT WATERSTEM CONTROLS

16 RETUNING STEPS
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DID YOWIND ANY OPPORTUEBTO

>
>

v

v

USE CONTROLS TO TIORR DOMESTIC HOT \WRTTANKS AT NIGHTWREN NOT NEEDED

LOWER THE DOMESTIOTH@ATER TEMPERATSEE POIN(MOST MUNICIPALITYRES DO
NOT ALLOW SET POIRB®VEL25FFOR SCALDING ISSUES

USE CONTROLS TGRNWDFF HEATING HOATER BOILER AT NIGHT OR WHEN NXHEDED
LOWER THE HEATING WOATER TEMPERATURE BEBINT

USE CONTROLS TO TIORR TURN OFF HOT WRTCIRCULATING PUMPSNIGHT OR WHEN
NOT NEEDED

INSULATE TANKS ANBIRG
HX LEAKS

USE CONTROLS DISABLE HEATING H@ATER SYSTEMS WHEN SIDE AIR TEMPERRES
ARE GREATER THRMNTO60°F

16 IMPLEMENTATIORHASE; BUILDINGHOTWATERSYSTEMS ANGONTROLS

Hot Water §stems andControls implementation suggestions

Most municipality codes do not allow public buildings to have domestic hot water temperatures in
excess of 12 (scalding issue).

Prescriptive improvements

©COoNOOr~WNE

Chapter 16

Lower the set points if possible.

For gadired systemsensure the gas pressure regulator is set correctly.

Install hot water tanks that aréEnergyStak rated.

If the pump is VHdriven consider lower speed at night or during low load periods.
Set back controls in place?

Time clocks working correctly?

Turn of at night, or reduce at night.

Tanks and piping properly insulated? If not, install insulation where missing.

Fix dripping faucets and leaking pipes.
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Hot Water Systems and ControEBxercise
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Chapter 17: Implementation Phase 7 Air Distribution Systems

INSTRUCTOBUIDANCE
TIME: 15MINUTES

LESSONGOAL LEARN WHAT PRESCRIBTMPROVEMENTS MPLEMENT ON THER
DISTRIBUTION SYSTENFSHE BUILDING

MATERIALSOWEROINT SLIDEKS BUILDING HOT WATERSSEMS IMPLEMENTATRHASE
LEARNING®BJIECTIVES
1 WHAT TO FOCUS ON WHERROVINAIRDISTRIBUTION SYSTEMS

17 RETUNING STEPS
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IF A DUCT LEAK IS RDLHOW DO KNOW HOW TBRRIR (7

P THE BEST OPTIONS RESEALING SHEET MEDMICTWORK IS TO-RETACH THE DUCTWORKH
SCREWS AND-BEAL WITHWLLISTED TAPE OR DSEALER

P DUCTWORK MAY NEED ADONAL SUPPOR® PREVENT THE DUORK FROM COMING ARAR
AGAIN

17 IMPLEMENTATIORHASE; AIRDISTRIBUTIORYSTEMS
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IF A DUCT LEAK IS RDLHOW DCKNOW HOW TO REPAIR |
P> FOR FLEXIBLE DUCTWQORKERE ARE A COUPEEOPTIONS FOR RERAIR
P 1% REMOVE THE DAMAGED@IWORK AND ATTACHETNEW PIECE OF DWORK

P 2"° SPLICE IN A PIECERTRUND SHEET METALAOWORK FOR THE DANERGFLEXIBLE
DUCTWORKNEED TO IBULATE THE PIECERORIND SHEET METALOTWORK

P INBOTH CASESULLISTED DUCTWORK SEGL.TAPE SHOULD BEHD
P HBER BOARD DUCTWQRKSO HAS A COUPLERBEPAIR OPTIONS
P 1°"OPTIONREPLACE WITH SHEETML (MAYBE THE MOST DIRFLT OPTION

b 2"°OPTIONREPLACE WITH FIBERARD IF THE TOOLS ARE AWBLE(THE EASIEST
REPAIR OPTIQN

P BOTH OPTIONS WILL NEEEALING WITH ABMLLISTED SEALERD EXTRA REINFORGEN
IS GENERALLY NEEMEIEN REPAIRING THMPE OF DUCTWORK

y

17 IMPLEMENTATIORHASE; AIRDISTRIBUTIORYSTEMS

Air Distribution Systems; implementation suggestions:

1. Access attics and crawl spaces to verify ducts as necesbargareful when in these
spaces (animals, insects, heat, obstructions, etc.). Look for ductwork tmasked or

flattened, ductwork that is sagging or no longer attached to its support hangers, dirty/dust

trails near joints or seams in the ductwork, tape or insulation that is not attached or
hanging from the ductwork.
2. Excessive duct vibration should be kxpd for root cause of initial duct failure (poorly

installed, somebody stepped on it when it was not designed for the load, etc) or possibly

noise transmission from the fan and motor, indicating a problem with the fan/motor
assemblyg possibly about todil.

3. If recent remodel or other work was done in this area (above the drop or hard ceiling), it is

prudent to spot check the integrity of various system components after contractors or
maintenance staff have been working above ceiling spaces where ducandréther
building systems are located.

4. The use of a thermal imaging camera (if available) will also help spot air leaks, both in
summer (cooling) and winter (heating). Significant temperature contrasts in a thermal
image will quickly pinpoint the sourad leaks. If a thermal imaging camera is not
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available, than finding the source of leaks will require more persistence and effort.
Professionals rely more and more upon the use of thermal imaging cameras to find these
types of problems.

Have a professionigerform a duct leakage test. Air leakage rates may increase over time
because of: Construction (adding to or disturbing the ductwork), damaged ductwork (from
maintenance/other activities), exposure to the outdoor elements causing damage to the
duct mateiial, operational changes in duct static pressure set points (increased static), etc.
Ductwork that is not sealed correctly can cause the building to become depressurized.
This can allow unconditioned and unfiltered air into the building. This can |eaebith
problems for the occupants of the building. Improperly sealed ductwork can lead to
comfort problems. Sometimes it will only show when the building is subjected to
temperature extremes that are at or near the design temperature of the building design
conditions.

The potential for duct leakage can also be validated by air balance efforts that document
supply fan air flows (duct traverse readings) which should closely match the total airflows
measured at all connected diffusers (measured with a hoad 8pparatus).

Unrinsulated ductwork is almost as bad as leaky ductwork. Although the air is not leaking,
there is significant heat loss/gain as the conditioned air flows througimsuated

ductwork. This can be even more pronounced when the ductwarkagtic spaces or on
roofs, exposed to hot or cold temperatures.

9 Fan Power design requirements for new offices mandate <1.5 BHP/1000 CFM.

9 Duct sealing requirements are broken into 3 classes (Clagsa@sverse joints only, Clasg;B
transverse jointand longitudinal seams and Clasg #ansverse joints, longitudinal seams and
all applicable duct penetrations). Depending upon the design class, the effort required (and
cost) must be applied to duct sealing in new construction. These classificagimmmohe

where sealant must be applied and do not necessarily determine the air leakage rates. Air
leakage rates are impacted by construction methods, workmanship, operational fan static
pressures, duct design, reheat and VAV boxes and other miscelladewigss installed in the
ductwork.

1 ASHRAE 90.1, ASHRAE 189 and IECC should be reviewed for further code information.
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> TAPE(UL181LISTELRATED TAPE MOST OF THESE TAREBSE A/ERY ADEQUATE STNGKI
BACKING THAT WILLL@W THE TAPE TO KTIIC A WIDE TEMPERKIRE AND CONDITIONNGE | T
ALSO HAS A THIN MEFFALMED BACKED TABESIBENTO PROVIDE ADDITI@NSNRENGTH

P INDOOROUTDOOR RATED DUEALER THESE SEALERS ARMEGELLYAPNTED ON WITH A RAI
BRUSH OR ARE IN BEWF CAULK

P AEROSOL DUCTWORK B8ERNEEDS TO BE DONEABTRAINED PROFESIONHIS TYPE OF DUCT
SEALING IS DONE BRAYING AEROSOL JUBKES DOWN THE DWORKWHICH WILL STICK TO
THE HOLES IN THE DWORK WD SEAL ANY OPENIRBEVENTING THE LOBRIR

» NOTDUCTTAPE, STUDIES HAVE BEENNE@N MANY DIFFERENPES OF TAPE TYRED
SEALER3HE ONE THAT FAILHETQUICKEST WAS DUGRE

17 IMPLEMENTATIORHASE; AIRDISTRIBUTIORYSTEMS
Air Distribution Systems; implementation suggestions:
1 These types of repairs might better be performed by trained and qualified personnel. If the
repairs are performed by ihouse maintenanceersonnel, they should be advised by qualified

personnel to ensure the repairs meet or exceed minimum construction standards.

9 Once repairs are made, the repaired components should periodically be reviewed to ensure the
repair persists (sustainable).
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