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Overview

1. Setting the Table

2. Recognizing Major Contributors to 
Performance Risk

3. A New Model for Persistence

4. Other Benefits
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University committed to carbon 
neutrality by 2050
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SETTING THE TABLE: 
Primary Driver for Change
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MAIN CAMPUS
• 278 buildings (17M sq ft floor 

area) for classroom, office, 
research, medical, housing, 
etc

• Equivalent to 10th largest city 
in Utah 

• $30M/yr utility bills. 1% of all 
electricity and gas use in Utah

4

SETTING THE TABLE: 
University of Utah Scale
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SETTING THE TABLE: 
Renewables As Portion of Electrical Load

Solar (55,000 of 20MW option)

Geothermal (148,000)

Hydro, cogen, on-site solar (25,000)

Facilities Sustainability Strategies & Coordination w/ Partners  – Aug 22, 2019
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SETTING THE TABLE: 
Performance Degradation After Commissioning
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LBNL/Portland Energy Conservation/Energy Systems Lab Texas A&M, The 
Cost Effectiveness of Commercial-Buildings Commissioning, 2004



SETTING THE TABLE: 
Top Operational Efficiency Opportunities 
Largely Unchanged
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2006 2019
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SETTING THE TABLE: 
Why Aren’t Investors Targeting Operational 
Efficiency More?

RM APPA Building An Operational Structure for Persistence  – Sept 16, 2019

Investopedia.com, CAPM, 2019

EX: Occupancy Scheduling 
(200% Simple ROI)
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RECOGNIZING MAJOR CONTRIBUTORS TO 
PERFORMANCE RISK
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1. Solutions are too complicated and 
diverse to manage

2. Most projects don’t address root 
cause management issues

3. No simple way to measure success 
over time

Total Building Commissioning, University of Utah Marriott Library, Example 
AHU Sequence of Operation Flow Chart, 2015



A NEW MODEL FOR 
PERSISTENCE

FOCUS: prioritize top opportunities as a 
portfolio. Phase by stakeholder group and 
potential value

STANDARDIZE: establish standard solutions 
for common systems

COMMIT: formally revise/add job functions 
and protect staff time as management 
priority

MONITOR: utilize sensors and targeted 
analytics to monitor success of high-value 
initiatives over time
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A NEW MODEL FOR PERSISTENCE: 
Prioritizing Top Opportunities as a Portfolio

UofU FM S&E Revolving Loan Prioritization
Benson, 2019-05-09

Other Value Considerations

Equip Issue type Measure Name Health
/sa

fety,
 asse

t 

protecti
on

Air Q
uality

O&M La
bor S

av
ings, 

asse
t li

fe extensio
n

Comfort

Measure Ease (1- 
simple fix, 2-some 
investigation/desi
gn, 3-major 
project)

 Measure 
Life (yr) 

 Full-Scale Up-
front Cost 

Full-Scale 
Annual 
Labor for 
Full 
Persistence 
(FTE)

 Full-Scale 
Annual Net 
Value 

Savings 
to 
Investme
nt Ratio 
(SIR)

Target 
Impleme
ntation 
Year

COGEN TURBINscheduling/shutdowns operate for elec demand peaking vs base heating N Y Y N 2 5.0           3,000$              0.0                 98,000$           123.8       FY20
HEATING PLAN  optimization Coordinate balancing valves (partially closed) and VFDs N N Y N 1 10.0         3,000$              -                 22,500$           46.1         FY20
COOLING PLAN  optimization Coordinate balancing valves (partially closed) and VFDs N N Y N 1 10.0         1,000$              -                 7,500$              46.1         FY20
AHU optimization BAS override, reverse control, PID tuning N Y Y Y 2 5.0           2,031$              0.1                 14,214$           26.5         FY20
ELEC SERVICE supply type/cost rate tariff changes (time of day or primary vs blended or N N N N 2 5.0           3,375$              0.0                 15,356$           19.2         FY21
AHU optimization BAS override N Y Y N 1 2.0           2,725$              0.1                 17,715$           11.3         FY20
AHU optimization BAS override Y N Y N 1 2.0           2,725$              0.1                 17,715$           11.3         FY20
COOLING PLANscheduling/shutdowns seasonal plant shutdowns N N Y N 3 1.0           31,500$            0.1                 302,400$         8.7           FY20
AHU old/undesired technologadvanced rooftop controller vs standalone controls N Y Y Y 2 10.0         179,550$          -                 179,550$         7.4           FY20
AHU scheduling/shutdowns occupancy scheduling and temp setbacks vs minimal (ma    N Y Y N 3 5.0           828,495$          0.4                 1,587,949$      7.3           FY20
STEAM TRAP corrective maint issue blow through, flooded, plugged N Y Y N 2 4.0           62,720$            0.1                 92,400$           5.2           FY20
HEATING PLAN scheduling/shutdowns seasonal plant shutdowns N Y Y N 3 1.0           94,500$            0.2                 340,200$         3.3           FY20
AHU corrective maint issue external leak (usually noticed and fixed without interventN Y N N 2 4.0           15,322$            -                 11,491$           2.7           FY21
AHU VALVES corrective maint issue clogged/damaged valve seat, open bypass, loose connect     N Y Y N 2 4.0           70,178$            0.4                 49,710$           2.5           FY21
COOLING PLANsystem issue supply water temp setpoint reset w/ increased use of wa  N N Y N 3 5.0           15,000$            0.0                 9,375$              2.5           FY21
AHU optimization Supply air temp setpoint reset N Y Y Y 2 5.0           697,680$          0.7                 436,050$         2.4           FY20
CHILLER system issue variable primary pumping w/ bypass flow control N N Y N 2 10.0         147,000$          0.0                 47,775$           2.2           FY21
LIGHTING OUT old/undesired technologLED vs metal halide Y N Y N 3 15.0         350,000$          -                 70,000$           1.9           FY21
LIGHTING INDOold/undesired technologLED vs fluorescent tube Y N Y N 3 15.0         7,728,300$      -                 1,159,245$      1.5           high capita
LIGHTING OUT old/undesired technologLED vs metal halide Y N Y N 2 15.0         75,000$            -                 11,250$           1.5           FY21
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A-1. Cogen 
transition to 

electric 
peaking

A-2. Plant 
pumping 

optimization

B-1. AHU 
setpoint 

optimization

B-2. AHU 
advanced 
rooftop 

controllers

C-1. 
Seasonal 
heat/cool 

mode 
optimization

C-2. 
Occupancy 
scheduling 

and setbacks

D. Steam 
trap survey 

and 
corrections

A NEW MODEL FOR PERSISTENCE: 
Prioritizing Top Opportunities as a Portfolio 
– FY20 Scope
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A NEW MODEL FOR PERSISTENCE: 
Establish Standard Solutions for Common Systems
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ASHRAE Guideline 36-2018, Cover and VAV reheat excerpt
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A NEW MODEL FOR PERSISTENCE: 
Phase by Stakeholder Group and Potential Value
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University of Utah District 1 Benchmark Report, 2018



1.4 Define 
standard design/ 
SOP/Cx/train req/ 
monitoring reqr

1.5 Gov Body 
Approval

1.3A Define 
taxonomy of 

existing equip

1.2 Define 
occupant 

performance 
requirements + 

RACI

1.7 Project scope, 
funding/debt, 

timeline/phasing

1.1 Document 
overview, 

background, 
purpose/value, risk 

management, 
assumptions

1.0 PLANNING, STANDARDS DEV, AND SCOPING

0.0 
INITIATION

2.0 SYSTEM-
SPECIFIC DESIGN 

& 
CONSTRUCTION

1.6 Document 
inventory of 

existing equip
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Color Key

U Standards Gov Body

PDC and Auxiliary 
Construction

FM: Districts & Auxiliary 
O&M

S&E

FM: Core & Auxiliary 
Engineering

Consultants

Contractors and Internal
Const Team
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A NEW MODEL FOR PERSISTENCE: 
Formally Revise Job Functions and Protect Staff Time



3.3 Revisions 
to standards

3.4 Revisions 
to 

preventative 
maintenance

3.2 Revisions to 
responsibilities 

and job 
descriptions and 

training

3.1 
Performance 
monitoring & 

response

3.0 PERSISTENCE AND CLOSE OUT

3.5 Revisions 
to as-built 

documentatio
n and 

inventory

3.7 
Verification of 

project 
integration

2.0 SYSTEM-
SPECIFIC 

DESIGN & 
CONSTRUCTIO

N

X.0 CLOSE

3.6 Document 
remaining 

opportunity
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Color Key

U Standards Gov Body

PDC and Auxiliary 
Construction

FM: Districts & Auxiliary 
O&M

S&E

FM: Core & Auxiliary 
Engineering

Consultants

Contractors and Internal
Const Team
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A NEW MODEL FOR PERSISTENCE: 
Formally Revise Job Functions and Protect Staff Time
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University of Utah, Job Description for Sr Engineer, 2019-09

Example Function Change:

4 (NEW). Monthly review 
performance of top-priority 
operational efficiency measures. 
Where degradation has occurred, 
coordinate…

A NEW MODEL FOR PERSISTENCE: 
Formally Revise Job Functions and Protect Staff Time



A NEW MODEL FOR PERSISTENCE: 
Analytic Example #1:  Establishing Building Schedules



A NEW MODEL FOR PERSISTENCE: 
Analytic Example #1:  Persistent Building Schedules



A NEW MODEL FOR PERSISTENCE: 
Analytic Example #2:  Supply Air Temperature Reset 

• It saves energy
• Does it impact comfort?



A NEW MODEL FOR PERSISTENCE: 
Analytic Example #2:  Persistent Savings & Maintain Comfort



A NEW MODEL FOR PERSISTENCE: 
Analytic Example #2:  Persistent Savings & Maintain Comfort

Comfort
Zone



A NEW MODEL FOR PERSISTENCE: 
Analytic Example #3:  Monitoring Control of CHW Plant ∆T

dP setpoint is fixed at 30 psi

dT average = 7.3°FdT bottoms out at 2-4°F



A NEW MODEL FOR PERSISTENCE: 
Analytic Example #3:  Monitoring Control of CHW Plant ∆T

dP setpoint is fixed at 30 psi

dT average = 7.3°FdT bottoms out at 2-4°F

dP setpoint now resets (minimum 8 psi)

dT average 9.4°F



A NEW MODEL FOR PERSISTENCE: 
Analytic Example #3:  Monitoring Control of CHW Plant ∆T

dP setpoint is fixed at 30 psi

dT average = 7.3°FdT bottoms out at 2-4°F

dP setpoint now resets (minimum 8 psi)

dT average 9.4°F

0.557 kw/ton 0.5 kw/ton

$26,000 
savings 
per year



OTHER BENEFITS:  Health and Safety 
Negative Lab Pressure



OTHER BENEFITS:  Health and Safety 
Negative Lab Pressure



OTHER BENEFITS: 
Analytic Example #4: Negative Lab Pressure



OTHER BENEFITS: 
Analytic Example #4: Negative Lab Pressure
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OTHER BENEFITS: Value Adds of New 
Model

RM APPA Building An Operational Structure for Persistence  – Sept 16, 2019

1. Reduced cost of design

2. Save time and improved 
quality of O&M with new 
references for 
troubleshooting and training

3. Process for identifying 
/prioritizing additional 
opportunities



Thank you!

Questions?

Christopher Benson, PE, CEM, LEED AP
Program Manager, Sustainability & Energy

University of Utah, Dept. of Facilities Management

Jane Guyer, PE, CxA, LEED AP
Principal Engineer

ETC Group, LLC
jguyer@etcgrp.com

801-232-0883

mailto:jguyer@etcgrp.com
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BONUS SLIDES
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OTHER BENEFITS: Occupancy Control of HVAC



OTHER BENEFITS: Savings Measurement
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