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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
Chapter 1



v v. v vy

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

17



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
Chapter 2



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 TOARJLT CURRENT CONDITIGNBULTHOOD
B HIGH ENERGY COSTS

HIGH COMPLAINTS

|

B SVALL ZONES DRIVINGRGE SYSTEMS

B POOR OPERATIONS BASEDCOMPLAINT 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 OFSREND TO CHANGINGERNAL CONDITIGNS

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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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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