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The dial is always spinning one way or the other
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AGENDA

Net Zero Operations vs. Conventional Operations
Best practices for Net Zero Building Operations

Project examples
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Operations

VS —

Conventional
Operations




Conventional Operations

Component -based

« Service of each piece of equipment on its own merit

* Change parts when part break

« Improve efficiency with more efficient parts

* We serve each piece of equipment on its own time as if was not connected to anything else
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Net Zero Operations

Systems -based

« Systems testing

* Integrated systems maintenance
« Performance verification

* Functional performance testing




Conventional Operations

Moment -in-time view

« What is the system doing right now
 Energy Auditing (only)




Net Zero Operations

Continuous Performance View

« Constantly monitoring performance
* Remote monitoring

« Ongoing Cx

* Real-time feedback ot Wontby R En 9




Conventional Operations

Individual Intelligence

e  We rely on a building engineer to understand
and work with many different systems in very
demanding work place. Constantly being asked
to respond to hot/cold calls, fix maintenance
issues, and investigate opportunities in existing
systems




Net Zero Operations

Collective Intelligence

« National benchmarking

» Leveraging specialists

« Best-practice collaboration
* Building competitions

« Portfolio energy/sustainability managers 2012 Commercial Building Energy

Consumption Survey (CBECS)
Stakeholder Meeting




Conventional Operations

Low-Tech

. Bare minimum BAS capabilities
. Unable to create any building trending
. Unable to make control modifications
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Net Zero Operations

Report date: 204008 1 3337 PM

Performance Monitoring - Boller Reset Report span. | SO40005 - 15062005

«  Energy alarming o

«  Algorithms for out of balance system
performance

- Systems that learn overtime

Performance Monitoring - Boiler

10210 210-420 | 420-630 [ 630-840 J§ 840-1050

A large central plant electrical load was
identified during the early morning

2 extending into “on
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Conventional Operations

Reactive

* Building Management is reactive
 Hot/Cold Calls

e Comfort Issues

 Equipment Problems



Net Zero Operations

Preventative, Predictive, Proactive

* + Time-based testing & inspection using a pre-
determined schedule

 + Dedicated warning signs of equipment or component
failure once damage has already occurred

 + Tracking performance of equipment in a system, as
well as the system itself and assuring the equipment is
running efficiently



Conventional Operations

Slow response

«  How do you know when something is n"t worKking?
 Delayed response due to lack of information
 Call vendor, often truck  -based repair

«  Especially a problem with PV




Net Zero Operations

Immediate Access

Automated response

Alarming stimulates quick, local
response or quick remote response




Conventional Operations

Anecdotal performance information

« The best building reportis no
report at all

- We often don’t
performance of the building,
but only wait for issues to arise




Net Zero Operations

Performance Scoring

Benchmarking tracking

Energy Usage (MWh)

Real-time energy tracking ' - —eemcors @ |
Energy budgeting /J\Z e
] :‘ 3 » 1 e = 1

Annual Energy accounting
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Best Practices

—— Net Zero Operations —




Enabling Information

Getting the data to act on: You can’t manage

« Utility provided pulse outputs (15 minute)

_ what you can’t
*Installpre -pr ogr ammed equi pment to

« Install infrastructure (conduit, wiring, networking) measure, and you
* Networked, secured information can’t measure
* Wireless or wired . .
effectively if you
get the

information 1.5

months too late!




Enabling Information
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Ongoing Comm

Monthly

Setpoints (BAS)

Threshold Alarms @
Equipment Level Activates
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Daily Routines
BAS Trending
Data Logging
Functional Testing
Documentation
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Ongoing Commissioning — Threshold Alarming
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Ongoing Commissioning — Threshold Alarming

Examples of Custom Alarms:

Simultaneous heating and cooling in a single unit or across
groups, short cycling, lack of diversity control

Deviation of energy intensity (kw/ sq ft/degree day) from
benchmarks, baselines, goals along with time, duration and
cost

Degradation of cooling or heating performance (i.e., unit runs
but does not deliver expected cooling/heating)

Economizers open while heating and cooling

Non - functioning sensors (temp, kw, etc)

Lights or other | oads operating
Setpoints overridden and not changing with schedules as

expected
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Ongoing Commissioning — Systems Improvement

Ty ; “"?aw POINTS: 2

EAc2.3: Existing Building Implement ongoing

Commissioning—0Ongoing commissioning [I)E?;['e Fm'”e
Commissioning program, with written ) iciency
plag a?mer? at Create Cx Plan improvements
comfissfom%g’c’;cie via func_tional
prior to LEED testing
application date
/ Determine possible energy
conservaticn measures through
commissicning
linplemom Results - EAc2.2
Implement alf low-cost o7 no- / ?)?sezz: Compile |m¥|-"|ement
cost measures ) weling &nd systems no/low cost
. evaluation manual measures
Provide training for buliding over 2 year

cycle

‘ K staft

. develop the tinal report

compile a systems manual
( pile a sy:

develop an ongoing
\ comissioning pian

Measurement -
and Training for
Complete 1/2 scope of work A Building Staff
| prior 1o date of LEED Verification
\ application
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Facility Condition Assessments

AC-0001

« Known inventory of major Al Condoning - Yoary o
assets and lifecycle information ey o bl perrs

to facilitate capital planning;

* Building systems operate more
effectively, efficiently, and are
easier to maintain;

Family Crisis
Center
181

Police Admin Bldg

Minor Yasui
160

Castro
180

 Life expectancy of a facility and
building service equipment Aetindg o e conering oo |
SANYO 180-AC-001 181-PMP-P5
systems are prolonged,; CArrER a0
« Work environment is improved; e

. . Unit
an d 2 other units 21 other units Also a DHW hir AD0-AC5-1

 Customers are better satisfied

with services provided. , '
City of Denver BB uris \
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case study

City of Boulder

Multiple Net Zero sites

22 buildings under ongoing Cx
Remote Monitoring
Energy alarming

Buildings benchmarked against each
other

25%+ City -wide energy savings

1.1MW+ of annual solar energy
production

One PV array contributing to over 1 MW of Solar Energy in the City



case study

History Colorado Center

Ongoing Cx
» 2 year cycle of
functional testing

* Detailed
commissioning plan

» Achieving Low EUI

» Protecting investment

of high performance
building




case study

Littleton Adventist Hospital

Ongoing Cx
» Energy Savings Opportunity
Assessments

» Ongoing Operational Performance
Verification

* Recurrent Training for Efficient
Operation of Systems

» Operational Trend Data Review and
Analysis

* Ongoing DDC Training
» Collaborative Change Management
Approach




Littleton
Adventist

Hospital
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Annual Avoided Cost

Savings from Baseline
(Apr ‘06 —Mar ‘07)

» Energy Cost Savings

25%

20%

15%

10%

5%

0%

5%

m Electric Energy Savings (% KWH)-
m Gas Energy Savings (% Therms)

Year1
-2%
4%
0%

Year 2
6%
17%
8%

Year 3
7%

23%
12%

LAH Energy Savings

il

Year4
7%
24%
9%

Year 5
6%
23%
9%

LAH Historic Energy Cost Avoidance

$140,000
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S80,000
560,000
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($20,000)

m Annual Avoided Cost

Year 1

Year 2

Year 3

Year 4

Year 5

Year 6

Yearb

Year 7

|(51,465.00)| $82,632.07 5118,454.17 590,644.00| $04,262.42 | $78,413.11 | $74,727.13
w— Cymmulative Avoided Cost ($1,465.09) S81,166.98 $199,621.155290,265, 245384,527.6654672,940,765537,667.89
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Cummulative Avoided Costs
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