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Preview for the Day

Topic Start time
What is existing building commissioning (EBCx)? 8:30
Costs / benefits
Case studies
EBCX process
Break 9:15
EBCx team 9:30
Benchmarking / utility analysis
LEED-EBOM
Xcel Energy Recommissioning program
Break 10:30
Common findings 10:45
Persistence of benefits
Resources
Wrap-up 11:45

Class dismissed!

12:00




Going from this.... to this!



But Seriously, EBCx is...

B A systematic process for improving an existing
building’s performance

B Includes arigorous investigation to identify
problems, especially integration issues

B Primary focus is on identifying low cost
operational Improvements

B May be done alone or with
a retrofit project




Other Terminology You May Hear

EXisting Building
Commissioning (EBCx)

B Retrocommissioning
(RCx)

B Recommissioning
(ReCx)

B Ongoing Commissioning
(OCx)

B Monitoring-Based
Commissioning
(MBCXx)

Note: Xcel Energy’s program covers both RCx and ReCx
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New construction Existing building
commissioning commissioning

Tuned, optimized, and Tuned, optimized, and
documented systems with documented systems with

training for O&M staff training for O&M staff

Ongoing Performance tracking
commissioning Updated documentation
Persistence Ongoing training




No, It’s not.*

*As long as:

B No changes are ever made
to the building

B Cxincluded system
optimization

B The building operates
exactly the same as after
construction.
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Ch-ch-ch-ch-changes

B What changes typically occur over time in a
commercial building?

Your Turn!
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How Does EBCx Differ From a Tune-up?

® Tune-up B EBCx

B Maintenance B Operation

® Components and ¥ Systems and
equipment Integration

B Capacity ¥ Performance

B Physical ¥ Mental

B Savings Opportunities ™ More Savings
Opportunities

EBCx includes and moves beyond tune-up procedures.



Revisiting O&M

B Maintenance = Capacity

¢ Caring, cleaning, lubing,
repairing

¢ Primarily physical

B Operation = Performance

¢ Scheduling,
Implementing efficient
control strategies,
sequencing of
equipment

¢ Primarily mental

10



B Upper set of dampers
should be open.

B Linkage has come
loose from actuator.

11



Operational Issue Example
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B Heaters should be off at OATs above 40°F.
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Why EBCx?

#4

0%

20%

40%

Fraction of reporting projects with reason

60% 80% 100%

Ensure system performance (energy and

non-energy-related systems)

#2

#1 | Obtain energy savings

Ensure or improve thermal comfort

Extended equipment life

Train and increase awareness of building

#3

operators or occupants

Smoother process and turnover (new

construction)

Increase occupant productivity

Ensure adequate indoor air quality

Comply with LEED or other sustainability

rating system

I 1
M Existing buildings

O New construction

Source: Mills 2009
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What's All the Fuss About Energy?

B U.S. Energy Usage mU.S. Electricity Sales

1.5=

Residential

Commercial
Residential

Commercial

@
3 1.0 .
2 Industrial
=]
@
=
o
b4
=
2
= 0.5-
|_
Industrial
Transportation
' Transportation
0.0-

l L] L] L] L) l L] L] L) L) I L) LJ ' 1
1995 2000 2005 2010

Source: EIA Annual Energy Review 2011 14



___-_-_‘_-_-_'_"“---..

\

EBCx Costs & Savings

Energy Savings (%)

Commissioning Cost
(USS2009/1t?)

1.00

0.50

0.00

Existing Buildings
(N=317)

CXxA cost = ~45% of
total cost

357

30%

25%

20%

15%

10%

5%

0%

upper
® _25%-ile

median

lower
25%-ile

Existing Buildings
(N=163)

Payback Time (years)

i

Existing Buildings
(N=300)

Source: Mills 2009
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Factors Influencing Total Cost

B Goals of project
B Systems to include in project
¢ Number of systems, zones
¢ System complexity
B Ease of obtaining trend data through BAS
¢ More costly if data loggers are needed
B Owner / operator involvement

16



Help Reduce the Cost of EBCx

EBCx Phase Owner / Operator Action
Planning 0 Compile a list of known problems and possible
improvements.
O Gather up-to-date building documentation.
Investigation O Perform appropriate preventive maintenance tasks early.
O Perform simple repairs as the project progresses.
O Assist with diagnostic monitoring and functional testing.
Implementation O Assist with implementing the selected improvements.
Hand-Off and Post-EBCx | O Help facilitate training.
Q0 Maintain improved performance of systems.

17
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Local Case Study — Grace Church

B 343,000 sf megachurch
B Eden Prairie, MN
B Five EBCx measures

sgrace

church

¢ AHU runtime reduction
¢ Supply air temperature reset

¢ Control VAV boxes from occupancy sensors
¢ Demand-controlled ventilation

4 Reduce VAV box airflow to match zone needs

18



Local Case Study — Grace Church

B Financials
¢ Total utility cost savings: $108,000 / yr
¢ Project cost: $182,000
¢ Xcel Energy incentives: $39,000
¢ Net simple payback: 1.3 years

19



B Ambulatory care center
and medical office

B 200,000 sf facility just
northwest of Minneapolis

B EBCx Measures

4 Reduce outside air to surgical suites
during unoccupied hours

4 Reduce runtime of clinic area HVAC
¢ Supply air temperature reset
4 Unoccupied temperature setback

20



Local Case Study — North Memorial

B Financials
¢ Total utility cost savings: $96,000 / yr
¢ Project cost: $250,000
¢ Xcel Energy incentives: $51,000
¢ Federal stimulus funding: $100,000
¢ Net simple payback: 1.0 year

21



EBCx Process Overview

Select a building

Define RCx objectives

Assemble a team

Develop a Retrocommissioning Plan

Planning Phase —

- = 8 @

Review facility documentation

Perform diagnostic monitoring & testing
Develop Master List of Findings
Prioritize and select RCx improvements

Investigation Phase —

"« Develop Implementation Plan

* Implement selected operational improvements
Implementation Phase — Verify results

|+ Develop Final Report

+ Develop Recommissioning Plan & recommend persistence strategies
« Conduct staff training
« Hold close-out meeting

Post Retrocommissioning s !mplamanl pEI‘SIS’lEnGB Strateglﬂs

From the EPA’s “A Retrocommissioning Guide For Building Owners”. 22



Investigation

Implementation

Hand-Off

Post-RCx

23
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Screening

B Select good building candidates for EBCx
B |deal building characteristics:

¢ Proactive management philosophy, motivated building
operators

¢ Commercial or institutional facility with complex HVAC
and lighting systems

¢ Direct digital control (DDC) down to zone level
¢ High energy consumption

¢ Mechanical equipment in relatively good condition and
not at end-of-life

¢ Sensor calibration part of preventive maintenance

24
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Is EBCx Appropriate?

B Most systems are in need of
replacement

B High energy usage
B Motivated operators
B Major system design problems

B Catastrophic problems (e.qg.,
asbestos)

B Complex HVAC and lighting systems /]

B Excessive comfort complaints

Planning

i
e

Probably  Probably not

4

Y/

Your Turn!

_-"'_‘-'_F.
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Selecting a Provider

B RFQ (Request for Qualifications) process
® Request experience for similar projects
¢ Request example work products
¢ Ask iIf EBCx Is a core business service

B RFP (Request for Proposal) process

¢ Sample RFP available from California
Commissioning Collaborative

26
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Sources of EBCx Providers

B Xcel Energy
¢ www.xcelenergy.com/recomm

B Building Commissioning Association
¢ www.bcxa.org

B California Commissioning Collaborative
¢ www.cacx.org/resources/provider_list.html

27
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Planning Phase - Scoping

B Analyze the building’s energy consumption
B Assess potential with a site walk through
¢ Review building documentation
¢ Understand the current operational requirements
¢ Interview the operating staff
¢ ldentify opportunities
B Analyze results
B Develop a scope of work to complete EBCx process

28
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Useful Documentation

Utility data — at least 12
months

Control drawings with full
points list

Sequences of operation

Full set of as-built
drawings/shop drawings

¢ Mechanical

¢ Electrical

¢ Plumbing

¢ Architectural drawings

TAB report(s)

Past energy conservation
reports

Original equipment
submittals

29



Planning /

e -

Your Turn!

30



Your Turn!

31
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\ Planning /

IBuiIding Walk-Through: Lighting

Your Turn!




Planning /

~ - _-ﬁf: — _..-'""" - =
S — =

Building Walk-Through: Plug Loads

Your Turn!
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Building Walk-Through: Envelope

Your Turn!

34



Planning

Investigation

Implementation

Hand-Off

Post-RCx




Investigation///

ey

T

.

Investigation Phase Summairy

B Conduct detailed document review
B Interview occupants and operating staff
B Evaluate facility performance

B Analyze identified measures

B Develop Master List of Findings

36
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\_\—‘ Investigation

Evaluate Facility Performance

Purpose:
B Determine if current facility requirements are met
B Identify facility improvement measures

Methods:

Analyze energy usage

Review interview results

Review service requests and complaints
Compare actual conditions to CFR
Perform diagnostic monitoring

Conduct site investigation and testing

37



Planning

Investigation

Implementation

Hand-Off

Post-RCx
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Implementation Phase Summary

B Select measures for implementation

B Prepare implementation plan

B Implement measures

B Verify successful measure implementation

_-"'_‘-'_F.
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Planning

Investigation

Implementation

Post-RCx




Hand-Off Phase Summary

B Update documentation

B Develop persistence strategies
B Conduct training

B Develop Final Report

41



Planning

Investigation

Implementation

Hand-Off

Post-RCXx




Up Next:

B 15 minute break

When we come back:

B EBCx team roles and
responsibilities

B Discuss LEED-EB

B Xcel Energy RCx
program overview

43
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Owner / Staff Role

B Management Level

¢ Be open to the
process as alearning
and improvement
process

¢ Coordinate funding
¢ Select EBCx provider

m Facilities/Ops Level
& Assist the EBCx team

4 Embrace suggestions
for change and
Improvement

45



EBCx Service Provider’s Role

B Integrate and coordinate
the team’s effort

B Lead the investigation
and hand-off phases of
the project

B Work with management
and operations team

46



Support investigation as
needed

Implement EBCx measures

Integrate EBCx
recommendations into
ongoing contractual work

47
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Energy Benchmarking

B Comparison to other W Can use to prioritize
buildings projects within

& Similar types portfolio
¢ Similar size
¢ Similar climate

M Big picture indicator
of efficiency
(or lack of it) .

48



Benchmarking with ENERGY STAR®

B How does it work?
¢ Building performance assessment

M Scale of 1-100
¢ 1 =least efficient, 100 = most efficient, 50 = average

B Similar buildings nationwide

49



=

= = =
e e

Benchmarking with ENERGY STAR®

B How does it work?

& Assessment takes
Into account:

B Weather
M Size
B Location

B Operating
characteristics

¢ 75 or higher may
qualify for an
Energy Star® plaque

B Why do it?

¢ Quick reality check
for scoping

¢ Tracking tool for
persistence

50



Analyze Monthly Utility Data

Average Daily Electricity Use [kWh]

9,000

8,000

7,000

6,000

5,000

4,000

3,000

2,000

1,000

Average Daily Electricity Use for ABC Tower
Account XOOC-XXX-XXX

January

February

March
April
May

June
July
August
October

September

November

December

—a— 2006 KWh
—— 2005 k'Wh

2004 K'Wh
=i 2003 K'WhH
—— 2002 k'Wh
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More Useful Utility Data

M Interval utility data (e.g., 15 minute data)
¢ ldentify base load during unoccupied conditions

¢ Ildentify operational problems during normal
building operating hours

¢ Available through your Xcel Account Manager

52



Using Interval Meter Data

2,000
1,800

~

=S \'——‘.

—Weekday
—Saturday

—Sunday

12:00 AM 4:00 AM 8:00 AM 12:00 PM 4.00 PM 8:00 PM

Time of Day

‘Good’ profile




Using Interval Meter Data

800.00
700.00

600.00

500.00

e \\/eekday

e Saturday

w N
o o
o o
o o
o o

Sunday

e Holidaly
200.00

Building power draw, kW

100.00

0.00

12:00 AM
2:00 AM
4:00 AM
6:00 AM
8:00 AM

10:00 AM

12:00 PM
2:00 PM
4:00 PM
6:00 PM
8:00 PM

10:00 PM

Your Turn!




LEED-EB



LEED and Commissioning

B Leadership in Energy and Environmental Design for
Existing Buildings: Operations and Maintenance

¢ Or, "LEED-EBOM"”

B Certifies the sustainability of ongoing operations of
existing commercial and institutional buildings

¢ Addresses similar categories as LEED-NC

B Current version is LEED 2009, updated in July of 2013

56



M Initial certification of existing buildings

B Ongoing re-certification of existing
buildings first certified under
LEED-EBOM (within five years)

B Ongoing re-certification of existing
buildings first certified under LEED-NC
(within five years)

B www.usgbc.org

57



Where Does EBCx Fit In?

B Energy & Atmosphere
¢ Prerequisite 1: Level 1 energy audit
B “Walk-through” audit
B Document systems, PM plan, identify savings opportunities
¢ Prerequisite 2: Minimum E* score of 69

B Related credits:
¢ Credit 1: Optimize Energy Performance
B Based on Energy Star score
B Possible 18 points

¢ Compare to 40 minimum points required for LEED-
EBOM certification

58



Where Does EBCx Fit In?

¢ Credit 2: Existing Building Commissioning
M 2.1 Investigation (2 points)
¢ ASHRAE Level 2 audit also allowed
H 2.2 Implementation (2 points)
H 2.3 Ongoing Commissioning (2 points)

¢ Develop a plan, and complete some of the
work

59



Xcel Energy’s
Recommissioning Program



Topics

W Eligibility
B Rebates

B Process

B Resources

61
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Who is Eligible?

B Xcel Energy electric and/or natural gas business
customers in Colorado or Minnesota.

B Any age building

B In Colorado, buildings must be greater than 50,000
square feet or have high-energy use to qualify.

62
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Study Rebates

B We’'ll provide up to 75% of the cost of the study, not
to exceed $25,000

63



Implementation Rebates

M Electric rebates
¢ Up to $400/kW or $0.045/kWh
B You earn the higher of the two

B Natural gas rebates (for our retail gas customers)
¢ Up to $5/Dth

Maximum rebate is 60% of measure cost

Payback must be between 9 months and 15 years to
earn arebate

64



Implementation Bonus

B On all qualifying recommissioning measures
submitted within nine months of the study approval
date.

& An additional $0.03/kWh and/or $3/Dth

B That’s in addition to the $0.045/kWh and/or $5/Dth
already earned for implementing measures with a 9
month — 15 year payback.

65



Process

1. Obtain preapproval before beginning
4 Submit application with proposal

¢ Proposal should identify building issues, concerns and
what the study provider will review

2. Complete the study
¢ Study will contain a list of measures you can implement

¢ Xcel Energy needs to approve the final study before
Issuing study rebate

3. Implement measures
4 You choose what to implement

B Some measures may require measurement and
verification (M&V)

¢ Rebate is paid after M&V is complete (if needed)

66



Study Providers

B You choose your own provider

¢ Provider must submit their qualifications if they
haven’t worked with our program

¢ Look at our list of providers who have
participated in the past if you need an idea

M It's included in your handout

67



Fast Track Recommissioning
Options
B Fast track study

¢ Implementation rebates available for customers who have
completed a RCx study on their own (without funding
from Xcel Energy)

B Fast track proposal

¢ Implementation rebates available for RCx measures that
may be identified in a vendor’s proposal

B Requires preapproval and energy savings
calculations must be included with application

68



Resources

B www.xcelenergy.com/recomm
¢ Xcel Energy case studies

m Office, school, hospital, hotel, medical and
research center

4 Recommissioning guidebook
¢ Provider list
¢ Applications

69
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How Do | Get Started?

B Contact your Xcel Energy Account Manager
B Call an Energy Efficiency Specialist at
1-800-481-4700

70



Questions?

Thank you!



Up Next:

B 15 minute break

When we come back:

B Common findings and
case studies

B Persistence of benefits
B Available resources

72



EBCx Results from the Field

Optimize airside economizer
Reduce equipment runtime
Reduce /reset DSP setpoint

Revise control sequence

Add /optimize SAT reset

Add VFD to pump

Other

Reduce lighting schedule

Replace /repair /calibrate sensor
Add / optimize CWSTreset

Add / optimize CHWST reset

Add / optimize optimum start/stop

47
44
31

I _ 3
T
E— Key Measure Mix % of Total Savings
| Revise control sequence 21%
I 1 G Reduce equipment runtime 15%

Optimize airside economizer 12%
e — Add/ optimize SAT reset 3%
E—— 13 Add VFD to pump 0%
| Reduce coil leakage 4%
I 1 Reduce / reset DSP setpoint 4%

Add / optimize optimum start/stop 3%
A 12 Add / optimize CWST reset 2%

I 11

0 5 10 15 20 25

30 35 40 45

Instances of Measure Implementation

B Frequency of Implementation (n=371)

122 EBCx projects,

most in CA.

Source: PECI, 2009
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Common Low-cost Opportunities

B Technical Issues and Case Studies
¢ Airside Economizer
# Schedules
¢ Setpoints / Reset Schedules
¢ Pumping
¢ Ventilation

e

_-'_'_‘-'_'_
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Economizer dampers

B During cool outside air conditions, more outside
air can be brought in to help cool the building

¢ ‘Free’ cooling

OA damper
OA | > | Mixing SA
v b box @ 8 v
.: >
— Cail “— Supply Fan
RA damper Filter
AT AT
Exh damper
j@ yan Return Fan
Exh S T\ RA
< < o
) L —
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General Economizer Issue Categories

B Damper system design (sizing / arrangement)

¢ E.g., oversized dampers
B Controls sequences and sensor arrangement

¢ E.g., low economizer damper lockout temperature
B Maintenance

¢ E.g., disconnected pneumatic actuator
B Both energy and non-energy benefits can be realized
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Inspect economizer
maintenance
B Blade and jamb seals

Installed, in good
condition?

B Actuators adjusted for
full closure?

B Actuators connected to
dampers?

77



Schedules — Overview

B Scheduling Issues
¢ Often modified for specific, short-term needs
¢ Schedule modifications can be forgotten

¢ Improper system installation can lead to
occupant request for modified schedule

B How to identify
¢ Trend data
¢ Interval utility data
¢ After hours walk-through if possible
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Schedules Example — Heat Pumps

B As-found situation
¢ Schedules were modified for short-term requests

B Heat pumps were operating when building was
unoccupied

¢ Water loop circulation pumps ran continuously

¢ Fluid cooler spray pump and fan ran while building
was unoccupied

B ldentified during investigation via system trends and
data loggers on the equipment
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Setpoint Example — As-found
Condition

What is wrong with this picture?

3-9°F AT

Hot water reset

140°F above 60°F OA
180°F below 48°F OA

‘_ 95% Mild spring day in

Portland, OR.

B4 [B5

[Bl
B2F)—

&~ 95%
95%

Hot deck reset calls for
a higher DAT than the
available EWT,
resulting in 100% hot
water valve position
and excess pumping.

Your Turn!

Heating
AHUs

design:
180 EWT
105 LAT

Hot deck DAT reset

150°F above 60°F OA

180°F below 48°F OA
|

<
<
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Setpoint Example

B Physically impossible for the system
to achieve what it's being asked to do

¢ But it’'ll try anyway, which is why
all the pumps are on and
operating at near 100% speed
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Setpoint Example — Proper Operation

30F

Hot water reset

140°F above 60°F OA
180°F below 48°F OA

—@9— 0%

B3 [B4

©

B1}-@-

B2

@ 0-50% —
|

0-50%

One pump is OFF and Heating

the other two operate AHUs

between 0-50% speed design:

to meet load. Delta-T '

across the loop is =
105 LAT

about 30F.

Hot deck DAT reset
Was 150°F —— 70°F above 60°F OA
Was 180°F — 110°F below 48°F OA

< I
<
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Setpoint Example — Past Project

B Savings opportunity

¢ Energy savings: 29,000 kWh/yr and
4,200 therms/yr

¢ Annual cost savings: $4,800 total

83



Pumping Opportunities — Overview

B Pumping Issues
¢ Many pumps are oversized
M Safety factor
M Future expansion

B How to identify
¢ Throttled discharge valve
¢ Both parallel pumps on
¢ Low temperature differential across a loop

84



Throttled discharge valve

B Sometimes it’s easy to spot a throttled valve ...

- Open

Closed

85



Throttled discharge valve

othertimes not so much.
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Implementation Options

B Option 1 - Trim the existing impeller
¢ Open pump, trim impeller, reassemble
B Option 2 — Replace the impeller with a smaller one
B Option 3—-Add a VFD
¢ Then dial in speed to match flow
¢ May be more costly, but allows for future capacity

87
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Evaluate HVAC Pumps

B Parallel pumps — shut one off?

B Level of savings depends on pump curve.

TDH —>

low
Increase

Flow ——>»

2
Flow
Increase

TDH ——3

f-':*é

Flow ——3»

Shallow curve — less flow increase
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Evaluate Ventilation

B Ventilation control — typical issues:
¢ Actual occupant load less than design
4 Space usage changed

B Common opportunities:
¢ Add demand-controlled ventilation (DCV)
¢ Reduce OA flow rate
4 Reduce VAV box min flow rates
# Reset VAV box min flow rates

89



\

Evaluate Ventilation - Clues

B Cold complaints in zones with no reheat
B Low measured CO, values
B High summertime boiler usage

Average daily consumption

Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan
Month
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Evaluate Ventilation

B Ventilation case study 800,000 sf building.
M [ssues:
4 Design occupancy: 6,000 people.
¢ Actual occupancy: 1,850 people.
B Implemented measures:
¢ Lower VAV box min flow setpoints
¢ Close VAV boxes during unoccupied times
B Financials:
¢ Cost: $10,000
¢ Annual savings: $30,000

91



Persistence
of Benefits



Making Energy Benefits Last

B Persistenceis an issue with EBCx measures
¢ Operational measures can easily be undone

B Various methods for ensuring persistence:
¢ Owner / operator training (key!)
¢ Updated building documentation / systems manuals
¢ Performance tracking
B Building benchmarking (Energy Star)
m Utility bill / energy use tracking (whole building level)
B Trending of key metrics (systems level)
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Performance Monitoring Tools

Whole-building level
¢ Monitor energy consumption, identify anomalies.

12AM1 2 3 4 5.h=_ B 8 10 'I"qh:-*':i:h.j i:- 8§ 7T B & W 11 12
e e e e T

Caleulated Savings / (Cost)

9452007 (§ 34) Year-To-Date: (§ 329
Prior 30 Days: § 60 Prior 12 Months: (4 329)

Eledine Confurmphion | Electrie Demand

Peak of 260 kW at 2:00 PM
Actual Use
3,608 kWh
Expected Use
3,233 kwh

Based on 24 hours Load Profile (kW)
What dows this fean?



http://www.myworksite.com/

Performance Monitoring Tools

System-level

¢ Monitors data from a BAS to continuously
identify EBCx opportunities

Top 10 Fauit by Fault Cost

ﬂ’ {

High condensing temp

Cooling during Full Economizer

Lack of deadband

Operation outside of hours

Nat using econcomizer assisted cooling
nnacessary Exhaust Fan Operation

Leaking Prehaat Valve

Unnecessary Fan Usage

Condenser approach too high

System started too early
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Systems Level Tracking

Fan Speed variation measure

B AH serving public areas. 24/7/365, 60 HP fan.

B Baseline: VFD had failed, operating in bypass.
4 Excessive reheat due to overcooling.

B Measure: Replace failed VFD. $18,000 annual savings,
$5,600 implementation cost.

B Tracked during 2007, quarterly reports sent to Owner
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Systems Level Example

OA Temp (°F), Fan Speed (% max.)

120

100

(o]
o

(o2}
o

N
o

20

Air Handler Supply Fan Performance

3.0

2.5

Pad

2.0

Fan speed is less

Duct Static Pressure ("H20)

1.5
‘/ than pre-EBCx
/ =
H vvaé Summ_ary: System is 1.0
*—_—Tw operating as expected
N ) ) ‘ ‘ 0.5
Duct static pressure is stable
|
N~ N~ N~ N~ N~ N~ N~ N~ N~ N~ N~ N~ N~
s & & &8 & & & & § §& & §8 ¢
o) = <5 3 @D <5 3 @D T 4 @ 5 N
Q ~ o N o @ o o q & =) o o
© N~ N~ N~ [ee] o [ee] [} ()]
Date
m— Qutside Air Temp m—=Fan Speed Pre-RCx Fan Speed ====Duct Static Pressure
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ISystems Level Example

Air Handler Supply Fan Performance
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System Level Example

OA Temp (°F), Fan Speed (% max.)
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Resources

B Xcel Energy:. www.xcelenergy.com/recomm

Recommissioning
Minnesota and Colorado facilities earn rebates, savings

+/ Qverview

+ Benefits

+ Details

+|Who Qualifies

+ How to Get Started

+| Additional Information

Case Studies

Chiller Plant

Church

Hospital

Hotel

Medical and Research Center
Healthcare and Medical Office
Government Facility

Office

School
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Resources

Mills study (2009): “Building Commissioning: A Golden Opportunity for
Reducing Energy Costs and Greenhouse-gas Emissions.”.
Meta-study of Cx and EBCx projects.

PECI (2009): “A Study on Energy Savings and Measure Cost Effectiveness of
Existing Building Commissioning.”
Measure-level study.

EPA’s “A Retrocommissioning Guide for Building Owners.”
EBCx desk reference.

Building Commissioning Association (BCA), “Best Practices in
Commissioning Existing Buildings.”
A summary of the EBCx process.

102



Resources

B Additional EBCx training:

*

® 6 6 06 0 o

B CCC’s “Building Performance Tracking Handbook.

PECI

AABC Commissioning Group

Association of Energy Engineers

Building Commissioning Association
National Environmental Balancing Bureau
Testing Adjusting and Balancing Bureau
University of Wisconsin-Madison

Guide for performance tracking.
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Resources

B California Commissioning Collaborative (www.cacx.org)
¢ Case studies
¢ Tools and templates
¢ Guidelines

Bm Commercial Building Energy Consumption Survey (CBECS)
¢ Consumption and expenditure data (country-wide)
¢ Energy Star is based on CBECS data
¢ http://www.eia.gov/consumption/commercial/
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Questions / Discussion

Thank you!
Dave Moser, PE
Senior Engineer
dmoser@peci.org
503-961-6103
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