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Credit(s) earned on completion of for continuing professional

this course will be reported to AIA education. As such, it does not

CES for AIA members. Certificates of include content that may be deemed
Completion for both AIA members or construed to be an approval or
and non-AIA members are available  endorsement by the AIA of any

upon request. material of construction or any

method or manner of
handling, using, distributing, or
dealing in any material or product.

Questions related to specific materials, methods, and
services will be addressed at the conclusion of this
presentation.

This course is registered with AIA CES
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Copyright Materials

This presentation is protected by US and International Copyright laws
Reproduction, distribution, display and use of the presentation without written
permission of the speaker is prohibited.

- The University of Texas at Austin
Utilities and Energy Management
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Course
Description

An examination of the needs of an institutional client, and the gap
left by the traditional new building commissioning process. The
University of Texas has been working to transform the requirements
of their Commissioning Providers to more robustly support their
building operations and optimization while continuing to deliver
guality construction projects. Changes include more involvement in
the turnover process, a stronger focus on the warranty period, and
bringing additional expertise to the table.
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Learning
Objectives

At the end of the this course, participants will be able to:

1. Understand the needs of institutional clients and the shortfalls of the Initial
Commissioning Process from the perspective of an institutional client.

2. Learn about value-added methods for increasing Commissioning Authority (CxA)
involvement in the warranty process. Understand the possible CxA scope items in a
warranty phase / post occupancy commissioning process.

3. Understand the alignment of LEED V4, the ongoing Monitoring Based
Commissioning (MBCx) process, and the requirements of an institutional client.

4. Learn about “Measurement & Verification” results from successful post-occupancy
Commissioning project at University of Texas Austin.



WHAT DO INSTITUTIONAL CLIENTS WANT? V

From Capital Project Quality Perspective:
Owners’ O&M requirements to be clearly understood

Clear commissioning process milestones integrated into the project delivery
process

Project delivery team accountability for performance

Commissioned systems (not just equipment) that will be maintainable, reliable and
energy efficient

“Initial Commissioning” process from design through warranty phase to confirm the
Owner’s performance (and design) requirements have been met BEFORE project
delivery team is released.

An improved handover of project documentation including commissioning records

Post Construction “Ongoing Commissioning” support as building load comes on
and operators continue to learn building

NV5.COM | Delivering Solutions — Improving Lives



COMMISSIONING GOALS

U

Deliver buildings that meet Owner needs

! Improve equipment performance and
mitigate/avoid accelerated deterioration
& premature failures

1 Improve occupant comfort and
productivity

1 Optimize energy performance by
maximizing efficiency in system m Design/Construction

performance
m Operations/Years 1 - 25
1 Timely turnover of commissioning

documentation = Operations/Years 26 - 40

! More effective building operators

NV5.COM | Delivering Solutions — Improving Lives



COMMISSIONING BENEFITS

v Cost avoidance through early identification
and resolution of issues

v" Energy and life cycle operational costs .< ’l .

M 1A ]

SaVingS | ; i « i | L lﬂur*\‘" . ﬂ 7
n- m
Correct controls and building systems : ﬂﬂ” M il Fllﬁ |

operation

(\

Maintainable building systems
Increased performance

Increased equipment life

NN NERN

Reduced warranty call-backs

NV5.COM | Delivering Solutions — Improving Lives



WHY IS COMMISSIONING NEEDED?

! Building Performance Matters Now More than

Ever
! More Complex and Powerful Systems i‘ mfluu_.._d
) Tests Programming for Energy Efficiency eTY m_'m:}“':"::“?
! Long Term Performance of the Facility : E“’EFH
) Identifies Unfinished MEPF Systems - - il
! Completes Building Turnover
! Accreditation Requirements (i.e. JCAHO, Tier 4

Data Center, LEEDV4 O&M)

NV5.COM | Delivering Solutions — Improving Lives



COMMISSIONING PHASES/PROCESSES

New Construction Commissioning

Program and
Design

Construction /
Acceptance
Testing

Post
Warranty

*Review OPR and BOD
*Cx Plan

* Cx Specifications
*Design Reviews

e Installation/Startup/ TAB/ Controls
*SRCs/ FPTs/ IST
¢Issue Resolution/ Comprehensive Documentation

* Functional performance verification; Issue
Resolution

¢ Supplemental O0&M Training, Re-Cx
Recommendations

¢ Confirm Systems Operations
*Supplemental O&M Training
* Re-Cx Recommendations and Support

NV5.COM | Delivering Solutions — Improving Lives

Existing Building Commissioning

Is Your Building
Performing to
Satisfaction?

Existing
Conditions
Assessment

Measurement

& Verification Documentation

& Training

Implementation Analysis

Recommendations




WARRANTY PHASE CX TASKS

* Trend Analysis (control related over extended
period of time)

 Deferred Testing (due to calendar, seasonal
or other requirements - if required)

* Modified Procedures (10-month meeting
with Owner, operators, engineer... and
incorporate as required)

* Re-commissioning Manual (provides a
procedure for continuous or future Cx of the
facility)

* Monitoring Based Commissioning

NV5.COM | Delivering Solutions — Improving Lives



COMMISSIONING CLOSE-OUT ACTIVITIES

* Project Close-Out (Transitioning from Contractor
to Owner Facility Operation)

* Ensuring a Successful Training Program

* Transfer of Knowledge and Meaningful Systems
Documentation

* Final Commissioning Report

« O&M Data/Manuals

 TAB Report verification

m Design/Construction

 Systems Manual
» Documented Baseline Operations ® Operations/Years 1 - 25

 Ensuring Accurate CMMS/BIM Data for
Implementation

NV5.COM | Delivering Solutions — Improving Lives
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WHERE AND WHAT ARE THE GAPS?

Incomplete functional testing results and delayed Cx Final Reports and Systems
Manual

ll ] o

Overview Checklists Equipment

Design Issues 0 Checklists 174 Tests 155 Equipment 179

PFC Complete Completed Functional Testing Complete
84.5% 96.8% 90.5%

Construction Issues 248 Checklist Lines 9173 Test Lines 7893 Tasks 0

Closed Yes Yes
72.2% 88.0% 86.6%

Design Issues  Construction Issues

~ w ~ DISCIPLINES WITH THE MOST ACTIVE ISSUES
28 2 11 28 42.52days | .
u y 2 Plumbing (]
Average time for an issue to reach a final status.
3  Electrical [ ]
OFEN IN PROGRESS (TRADE) WORK PENDING CX
COMPLETED REVIEW 4 Controls [

NV5.COM | Delivering Solutions — Improving Lives



WHERE AND WHAT ARE THE GAPS?

Phased substantial completions that affect Systems level commissioning completion

Substantial Completion

Substantial Substantial
Completion |Area Completion Date
Passenger Elevators 1-4
1 BS10/2017
Various Dorridors and Booms Throughout Building (5ee attached Map)
iCafé
2 Calé Exterior Seating BF17 2017
EC) Leve| 1

Exterior Skin
tast Temace
3 Skylight B/29/2017
ficaf

Warious Carridard and Rooms Throughout Building (See attached Map)
a EET':.'IL'E EI-E'-'.-.':i-'_'-r 1 ____ 3/7/3017
Wariout Darridard and Roomi Throughout Building (See attached Map)

Warious Dorridard, Rooms, and Site Locations Throughout the Praject |See attsdhed

g of14/2017
Kap|
Various Dorridors, Booms, and 5ite Locations Throughout the Praject |See attached

. Map| 9/28/2017

NV5.COM | Delivering Solutions — Improving Lives



WHERE AND WHAT ARE THE GAPS?

In complete training (not all completed and not all systems ready for training use)

Siak Seli i EFmboer | Tirminl m=g
Spec Secthon Tide Ecihachaind Traiming Held
FLUMSING EDQUIFHENRT - Semi-Instntznsos Hot Waber ) PR
X 1123 2004 G ter - Dwner Traning FORTER SRT - AM
FRULT & CODSEDTRATION STUCY & ARC FLASH HAZARD . -
Y0 TR ] 103 WELKER Comipbete
ARELTSTS - Vendor prowided Arc Flash Training
10 4=410 15EB1 SMOEE CURTAIMNS - Crwmdr Training IS SMOEE & FIRE
14 X133 1138 ELECTRIC PASSERGER ELENATURS - Dwnar Tralning EFE
1442 M1 J.4.A WHEBLCHAIR LTIFTS - Cwanasr Training EME
COHEMISSEIRIRG OF DIRECT DOGITAL COMTROL SYSTEM - . .
I3 08l 1219 Owner it Training SEMENS
AER CPUABLITY HORTTORIKG - Training {Exch Year for 4 Years)
&3 D3N e & Manufactuner's Fadory - Cener Meossd Mining © coowr on afs wt SEMBEMS
i
23 CR23 A 236, SMCEE FLIEGE - Traiming SEMBENS
23 CR23 A 1095 CIRECT DIGITAL CONTROL SWSTEMS - Owinds Tradming SEMENS
CHIGITAL WAYFIMOHNG SEMAGE - Dwniy Training WELKER
Zr 4115 I1.7.A DIGITAL RO STHEDLLER - Ovreer Tradnireg WALKER
DIGITAL, ADDRESSABLE FIRE-ALARH SYSTEMS - Dhvaner
2= 1111 1114 ! ! WEALKER
Triring
COMMSSIONDNG OF COMMUNICATIONS SYSTEMS - O
27 000 LAl e WALKER
Training
Ir 4115 1.7.A ALUDIWTSLAAL STYSTEMS - Chwnier Training WELEER
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WHERE AND WHAT ARE THE GAPS?

Building Loading is typically gradual

Envelope Components
(Cooling)

Heating Load
Components

Cooling Load
Components

PESSES
&

b@@@ &"5\ & Q@‘ _&@ Q‘p‘
s E

Total Utility Cost

7,000
6,000 -

S,MIZI ....... " gef - 00 IEHEE  HitH
4'm|:| ......................................................................................

aimﬂ HEHEE  HHEHS SHEEH  HEHHE  HHEH HEHEEE  HHEH

......................................................................................

Enemgy Cost (5)
)

zamﬂ EIHE  IHEN HHEN HERIE  HEHEN EIHES  HEN

1,000 i HEHW HHE G Gl Gl G G dH JHQ md

.Y L [
'?..
B Historical Average Energy Use Energy Model Energy Use Trend
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WHERE AND WHAT ARE THE GAPS?

Building Operators suffering from “Fire Hose” effect

Making Use of £

=]

coo
S
o

NV5.COM | Delivering Solutions — Improving Lives



LEEDV4 FUNDAMENTAL & ENHANCED CX V

Minimum Systems

V4 LEED Fundamental - CxA

Independent from Design & Construction

Commissioned

Report directly to Owner - engaged before DD HVAC&R & Controls
Reviews OPR & BOD - OPR to cover building envelope Lighting & Daylighting Controls
envelope

Domestic Hot Water Systems

Commissioning Plan Renewable Energy Systems

Commissioning in Contract Documents

Verify Installation and Performance V4 LEED Enhanced Path 1 - 3 points

Review results of testing Design Review

Final commissioning report Review Submittals Concurrent

Minimum One Design Review prior to mid-design Confirm Systems Manual Req in CDs
Develop Systems Manual

Review exterior enclosure desigh - by A/E SME Verify Training & Reqs in CDs

10th Month Warranty

Prepare a CFR and O&M Plan
Develop an on-going commissioning plan

plan

NV5.COM | Delivering Solutions — Improving Lives



LEEDV4 ENHANCED CX OPTIONS

V4 LEED Enhanced: Path 2 Option 1 V4 LEED Enhanced: Path 2 Option 2

Achieve Path 1 Enhance Commissioning 3 pts Envelope Commissioning 2 pts

Complete the Cx process activities per ASHRAE
AND ASHRAE Guideline 0-2005 and NIBS Guideline 3

Develop monitoring-based procedures and Guideline 3 - 2012

include in the commissioning plan 1 pt * Review contractor submittals

* Measurement requirements * Confirm system manual reqs in CDs

* Points to be tracked * Verify training reqs in CDs

« Limits of acceptable values * Verify Systems Manual updates and delivery
delivery

* Action plan for identifying and correcting
correcting errors and deficiencies * Verify operator and occupant training

* Training to prevent errors
* Verify Seasonal testing
* Planning for repairs needed to maintain

performance « 10t Month Warranty

* Frequency of analyses in the 15t year or _ o
operation (at least quarterly) * Develop an on-going commissioning plan
plan
* Update Systems Manual with any mods

NV5.COM | Delivering Solutions — Improving Lives



MBCX AND FAULT DETECTION DIAGNOSIS

Find
Identify / Quantify
Plan

Energy Costs

15% Cost

Reduction

Data Gathering

BMS Deep Dive

Analytics

Site Investigation
Recommendations

Business Case Development
Implementation Plan

Fix
Implement

Retro commissioning
Engimeering

Design

Implementation Support
Commissioning
Measurement & Verification

Fine Tune

Data Acquisition
Optimize

Data Gathering
Analytics
Controls Optimization

|

Monitor
Continuous Commissioning

—_ .~ Traditional Approach

- Qur Approach

Develop Alerts

Training

Regular Reporting
Corrective Actions
MMeasurement & Verification

> Time

NV5.COM | Delivering Solutions — Improving Lives



UT AUSTIN CAMPUS AND POWER PLANT

OVERVIEW

20+ million square feet of building space

e Variety of building uses

 Age range from 100 years old to brand new

« Combined heat & power plant and chilling stations providing
- Chilled Water
—-Steam

— Electricity

NV5.COM | Delivering Solutions — Improving Lives



DEMAND-SIDE ENERGY MANAGEMENT &

OPTIMIZATION

e Mission and Goal

— Utlllze innovative demand MAIN CAMPUS CONSTRUCTION TRENDS
2.4 million GSF/decade

Side energy management 25,000,000

GROSS ” 4
SQUARE 7
FEET 7

Strategies ;0.000.000 < E
- Offset projected campus /

energy growth

—Reduce the average EUI on a //

main campus by at |eaSt 2% 5.000,0000

annually 0 1:930 ' ' ! 19:70 ' ' 20:00 ! ! ' 2(;40

- Prevent expansion of plant

caused by peak demands

NV5.COM | Delivering Solutions — Improving Lives



HOW?

« Existing Buildings
— Existing Building Commissioning (EBCx)
* Optimize sequences of operation
e Scheduling

* Reduce ventilation to meet ASHRAE s £
requ irements 19,000,000
. . . . . 8,500,000
* Replace failed or inefficient equipment immo .
* Identify maintenance needs with an energy gijzzzzz 2
impact s :
= . . 16,000,000
— Continuous energy use monitoring s
- Component replacement (e'g' Iighting7 valves’ t- PO FY 2009 FY 2010FY 2011F\; ZOIZFY 20;/ 2014FY 2015FY 2016
StatS) FISCAL YEAR

M Campus EUI (MMBTU/GSF) —Campus Space Growth (Area Served)

* Behavior Programs
— Longhorn Lights Out
— Horns Up Sash Down
* New Construction
— New construction and renovation standards updates
— Design review for new buildings and large

NV5.COM | Delivering Solutions — Improving Lives




TARGET EUIS FOR NEW CONSTRUCTION

* Realistic yet aggressive
- Energy model prior to 100% CD Phase
- 10 months after substantial completion

« Based on campus buildings built between Target EUI by Building Use Type
the years of 1990-2014

N
o
o

* Benchmarked against

g

— Existing energy models for campus
buildings

[
1%
(=}

Steam

m Electricity

8

m Chilled Water

Target EUI (mmbtu/sf)

— Analysis of performance of LEED Silver
buildings 0

CLASSROOM HOUSING OFFICE PUBLIC LABORATORY
ASSEMBLY

- Labs 21 benchmarking Building Use Type
— CBECS 2012 averages

- (Look higher than CBECS because using
district energy)

NV5.COM | Delivering Solutions — Improving Lives



MAP OF AUSTIN’S HEALTH DISTRICT

7
'\_5_/’

The University of Texas at Austin

-
L
&
S

L
. Martin Luther King Jr. Blvd. 5

E. 18th St.

Health
Discavery
Building

E. 17th St.

Frank Erwin Center

Health
Transformation
Bullding and
Garage

Trinity St.

Heslth Leaming Building

E. 15th St.

NV5.COM | Delivering Solutions — Improving Lives

B8 Health District

M Dell Medical School
Buildings

B Health District
Buildings

|

Health Learning Building




HEALTH LEARNING BUILDING CASE STUDY

! Collaboration focus —
! State of the Art Technology
! Team based learning classrooms
! Café and Courtyard
! Student Lounges and Conference
Roo ms Social Edge Design
-1 Simulation Labs As the heart of the Dell Medical School and front door for
-1 Anatomy Lab i i S g i

place where things happen — it’s a place that makes things

1 Executive and Administration
Offices

NV5.COM | Delivering Solutions — Improving Lives
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TARGET EUI FOR HEALTH LEARNING
BUILDING

Space Use Type 200

EUI (kbtu/sf)

TARGET

NV5.COM | Delivering Solutions — Improving Lives

HLB EUI

Target vs Actual

PRE CX

iR

Hot Water
m Electricity
m Chilled Water




EUI CALCULATION FOR NEW BUILDING

Key Question: When did building start normal operation?

y=83.253x+37571

CHW all months  R*-0.8699 HW all months
120000 1600
@ — 1400 °
100000 ~ /‘-0 e
e 1200
. 80000 — 1000
:Ié 60000 e UE; 200 y =-0.0895x+479.29
S 60 R? =0.0045
= = Z 600
40000 @ S R ° ©°
400 @ . ° _
20000 200 @@ ]
0 0
0 200 400 600 800 1000 0 100 200 300 400 500 600 700 800 900
Cooling Degree Days Heating Degree Days
y=76.014x+36919
CHW Post-Occ R? =0.9859 HW Post-Occ y =0.4722x+174.09
R?*=0.9368
120000 600
100000 o —© 500 -
e
80000 = 400 =
= @
2 e —© = ° =5
e — 5
< 60000 o__’_/_Q 2 300
= O =
40000 @ 200 oo
20000 100
0 u]
0 200 400 600 800 1000 0 100 200 300 400 500 600 700 800 900
Cooling Degree Days Heating Degree Days
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ONGOING COMMISSIONING RESULTS

HLB EUI

200

180

Chilled Electricity  Hot Total

160

Water Water Building

140
0. TargetEUl | 74 29 26 126
= |
B 100 Hot Water Pre Cx 109 30 46 185
5 & W Elechicty Post Cx 20 28 25 143
e - ® Chilled Water
- BRI 1,724 | 156 1836 | 3,716
mmbtu
20 A
B 6% 46% 23%
0

TARGET PRE CX POST CX

Target vs Actuals

NV5.COM | Delivering Solutions — Improving Lives



HEALTH LEARNING BUILDING CASE STUDY V

* Evaluated programmed sequences of operations
and current building behavior

* Developed 27 recommendations to improve #UJMIM
system interactions and overall efficiency

* Facilitated meeting between the EOR, CM, | | R
Controls Contractor, Utilities & Energy 1
Management Group to review recommendations. | =

P N
* Tested the implemented recommendations to mﬁfﬁf EH

verify proper functionality.

* Analyzed trend data to verify systems
improvements.

* Re-evaluated trend data on a monthly basis to
further fine tune the building.

NV5.COM | Delivering Solutions — Improving Lives



DISCHARGE AIR TEMPERATURE RESET N V 5

* Existing Condition: Reset Based on Linear Relationship with OAT
* Recommendation: Reset Based on Building Demand
 Implementation: Reset Based on Cooling Request
» Cooling Request = Room Temperature > Cooling Set Point + 1° F
» Cooling Request > 3 then Reset Temperature Down

» Cooling Request = 0 then Reset Temperature Up

NV5.COM | Delivering Solutions — Improving Lives



HEAT RECOVERY PUMP

* Existing Condition: AHU-O3 HRP
Enable/Disable

48°F < OAT >78°F

 Colder Return Air Temperature
from Anatomy Lab

 Implementation: Enable HRP

OAT>EAT and OAT-EAT>=5°F

SEQUENCE NOTES

NV5.COM | Delivering Solutions — Improving Lives




MAKE UP AIR UNIT N V5

* Existing

Condition:
Preheat
Temperature
Set Point = 53
F

Unit Discharges
@55 F

SEQUENCE NOTES EQUIPMENT | SUMMARY

NV5.COM | Delivering Solutions — Improving Lives




MAT Mid to High
60’s
Simultaneous

Heating and
Cooling

Implementation:
PHDAT Set Point
for MAU-01 =
50°F

MAKE UP AIR UNIT AND AIR HANDLER
INTERACTION

SEQUENCE

NV5.COM | Delivering Solutions — Improving Lives
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1.05 IN H20
EQUIPMENT | SUMMARY




STATIC PRESSURE RESET

Rooms Can Change Purpose

3|u|o=] S| [Ale|l]4]x S|

»

1 ! i 1‘]‘ | 1] 1\;;! 1T H T y‘l“v ] T
»l [l‘ " ll” " II I l le I ‘H‘ (AL 1‘ !{H ‘ l‘
| ] |

. l ! : - {
I Pilt,___, ] i [ i |!

| ‘ \ | ! ‘ (“L‘

» VAV-1-1M-6
Commanded

» Damper Position |

03 21T R 1420 1023017 NN naw 9080 10202017 182008 CEE
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ONGOING COMMISSIONING RESULTS

HLB EUI

200

180

Chilled Electricity  Hot Total

160

Water Water Building

140
0. TargetEUl | 74 29 26 126
= |
B 100 Hot Water Pre Cx 109 30 46 185
5 & W Elechicty Post Cx 20 28 25 143
e - ® Chilled Water
- BRI 1,724 | 156 1836 | 3,716
mmbtu
20 A
B 6% 46% 23%
0

TARGET PRE CX POST CX

Target vs Actuals
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Learning
Objectives

At the end of the this course, participants will be able to:

1. Understand the needs of institutional clients and the shortfalls of the Initial
Commissioning Process from the perspective of an institutional client.

2. Learn about value-added methods for increasing Commissioning Authority (CxA)
involvement in the warranty process. Understand the possible CxA scope items in a warranty

phase / post occupancy commissioning process.

3. Understand the alignment of LEED V4, the ongoing Monitoring Based Commissioning
(MBCx) process, and the requirements of an institutional client.

4. Learn about “Measurement & Verification” results from successful post-occupancy
Commissioning project at University of Texas Austin.
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This concludes The American Institute of Architects
Continuing Education Systems Course

Adam Keeling
Alex Gonzales
John Bixler
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