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Be Able to Benchmarking and
Perform Utility Analysis

Be able to Scope a Facility

Be Familiar with Fundamental
Principles and HVAC

Understand and Apply the
System Concept

Be Able to Perform Data
Logging and Trend Analysis

Ten Key Retrocommissioning Skills

Be Familiar with Functional
Testing Techniques

Be Familiar with Data
Analysis Techniques

Be Familiar with Basic HVAC
and Energy Calculations

Be Familiar with Cost/Benefit
and Return on Investment
Calculations

. Develop a Competency with

Control Systems
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Ryan’s Ten Learning Objectives

Skill 01 Learning Objective

Be Able to Benchmarking and Benchmark a facility and analyze

Perform Utility Analysis its utility consumption patterns
using billing and interval data
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Ryan’s Ten Learning Objectives

Skill 02 Learning Objective

Be able to Scope a Facility Scope a facility and identify
obvious indicators of opportunities

to improve performance and/or
reduce resource consumption
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Ryan’s Ten Learning Objectives

Skill 03 Learning Objective

Be Familiar with Fundamental Apply a fundamental knowledge

Principles and HVAC of HVAC systems in the EBCx
process, including an
understanding of mechanical
components, systems and
controls
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Ryan’s Ten Learning Objectives

Skill 04 Learning Objective

Understand and Apply the System  Apply the system concept and
Concept develop diagrams that illustrate

key systems in a facility
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Ryan’s Ten Learning Objectives

Skill 05 Learning Objective

Be Able to Perform Data Logging Utilize trending capabilities of

and Trend Analysis control systems to collect building
performance data and know how
to supplement EMS trend data

with data loggers
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Ryan’s Ten Learning Objectives

Skill 06 Learning Objective

Be Familiar with Functional Apply functional testing

Testing Techniques techniques and know how to
develop and run a test targeted at
providing the information needed

to resolve operational issues
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Ryan’s Ten Learning Objectives

Skill 07 Learning Objective

Be Familiar with Data Analysis Analyze data collected from

Techniques trends, data loggers and tests to
support projects and resolve
operational challenges
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Ryan’s Ten Learning Objectives

Skill 08 Learning Objective

Be Familiar with Basic HVAC and  Utilize basic HVAC and energy

Energy Calculations calculations to assess the impact
of proposed building
Improvements
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Ryan’s Ten Learning Objectives

Skill 09 Learning Objective

Be Familiar with Cost/Benefitand  Apply Return-On-Investment

Return on Investment (ROI) calculations to determine

Calculations the financial cost and benefit of
EBCx projects and present this
information to facility ownership

THE 10 SKILLS - A CLOSER LOOK




Ryan’s Ten Learning Objectives

Skill 10 Learning Objective

Develop a Competency with Apply an understanding of

Control Systems building control systems by
developing monitoring points lists,

narrative control sequences and
logic diagrams, and then use
these tools to identify control
Issues and pursue tuning
opportunities
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The Evolving Skill Set

Be Able to Benchmarking and
Perform Utility Analysis

Be able to Scope a Facility

Be Familiar with Fundamental
Principles and HVAC

Understand and Apply the
System Concept

Be Able to Perform Data
Logging and Trend Analysis

Be Familiar with Functional
Testing Techniques

Be Familiar with Data
Analysis Techniques

Be Familiar with Basic HVAC
and Energy Calculations

Be Familiar with Cost/Benefit
and Return on Investment
Calculations

. Develop a Competency with

Control Systems
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The Evolving Skill Set
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19 Develop a familiarity with the physical principles that apply the building systems and HVAC.
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The Technical

Technical Guideline

G u I d e Pacific Energy Center EBCx Workshop

A Tool to Help You Learn

Contents

If you are reading this document in the electronic version, you can use the bookmarks included in this document to jump to a
topic of interest as indicated in as illustrated in Figure 1.

Click here to open the book marks I

T 1sce in the rmrreor e dhe ¢

Secondary Resources

... o find out what the Personal
Praject Deliverablesare ..

£ M & well 45 4 Fechaniens 1o leam

Persconal Project Deliverable
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oussnisionsing iool that will be pros Wed durizeg vue of e emly sessbos aud ki it diere os

Figure 1 — Using the Book Marks to Jump to Content of Interest

milarly, you can click on a figure number in the text to be taken directly to that figure, as illustrated in

NW Salellite Office Home Office
1: 5, 8560 Marh Buchanan Avenue ETE0 Alexander Bell Drive, Suite 200
FaClll[y DYﬂal'mCS Portland, Oregon 97203 Columbla, MD 21046
E o Phane: (503) 2566-1434 Phone: (410) 230-0900
NGINEERING Email: DSellers@F acilltyDynamics.com wovowr Facili nami
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Ten Key Retrocommissioning Skills

Be Familiar with Functional
Testing Techniques

. Be Familiar with Data
Our Focus for This Class Analysis Techniques

Be Familiar with Basic HVAC
and Energy Calculations

Be Familiar with Cost/Benefit
and Return on Investment
Calculations

5. Be Able to Perform Data . Develop a Competency with
Logging and Trend Analysis Control Systems
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1 QBtu/Hr 500 XF lowgpm (tEntering,°F _tLeaving,"F )
Where:
Qsyy/he = Load in Btu/hr

500 = Units conversion constant, good for water between 30 and 200°F
Flow,,,, = Flow through the heat exchanger in gallons per minute

.

tEntermg £ = Vemperature entering the heat exchanger in °F i
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It Takes Energy to Distribute Energy

Conversion Distribution
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Distribution Systems have Parasitic Losses

THE 10 SKILLS - A CLOSER LOOK




=

File Edit Units Help

BEEEZ  evviRoNMENT ECONOMICS OPTIONS

Heat Loss Per Hour Report

ltem ID:

ltem Description:

System Application: | Pipe - Horizontal

Dimensional Standard: | ASTM C 585 Rigid

Calculation Type: | Heat Loss Per Hour

INSULATION THICKNESS Frupoes Toew: | 66

Surface Temperatures Ambient Temp:
Condensation Control ; :
Personnel Protection M cyend;

MDPZ Ding Siza-

Open Audit File...

Quantity (ft or 2} Append To Audit

‘Variable
Inzulation
Thickness

Surface Temp Heat Logs Efficiency
(°F) (BTUMT) (%)

4.1 63.74 86.76

83.2 | 55.94 96.95
825 55.72 . 97.1
. 53.96 . 87.26

51.56 . 97.38

45,45 . 97.48

47.50 . 87.56

45.92 . 97.66

44.42 . 97.74

43.07 . §7.91

41.84 . 9r.a87




Conversion Efficiency vs. Distribution
Efficiency Improvements

Conversion Efficiency Distribution Efficiency
Improvements Improvements

« Avery direct function of Related to consumption, but
consumption just about always necessary

Potentially easy to achieve More complex to achieve
(change a piece of equipment) (requires you address multiple
potentially interactive issues)

Potentially very costly to Potentially an order of
achieve (the equipment you magnitude less costly than
have to change is a prime changing a prime mover
mover)

May not address the root Addresses the root cause of
cause of the problem the problem
(dysfunction at the loads)
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Site vs. Source Energy Perspective

Site Energy Source Energy

Energy that passes through your Energy that passed through the
meter power plant
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Site vs. Source Energy Perspective

Site Energy Source Energy

AREA N FRONT OF THIS
ELECTRICAL PANEL ug.s.; B;
KEPT CLEAR FROM 38

OSHANEC REGULATIONS

Electric Heat is 100% Efficient Electric Heat is 30% Efficient
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Site vs. Source Energy Perspective

Site Energy Source Energy

PR ———

Electric Heat is 100% Efficient Electric Heat is Free
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Site vs. Source Energy Perspective

Site Energy Source Energy

Electric Heat is 100% Efficient Electric Heat is Sustainable
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Site vs. Source Energy Perspective

Site Energy Source Energy

Electric Heat is 100% Efficient Sustainable Energy Impacts
Salmon Migration
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Site vs. Source Energy Perspective

Site Energy Source Energy

Electric Heat is 100% Efficient Sustainable Energy Eradicated a
Culture
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Transmission

There are currently 6-8% losses
in these lines between the
power plant and your meter

i

A coal fired Midwesjpower plant

Image Landsat ! Copernicus




Conversion losses are significant

The current average
heat rate for fossil fuel [#i = i Fsa &
fired plants is 10,000 & = &
Btus in for every R ap i I
. 3,413 Btus out (1 kW) @i o)

IR

Image Landsat ! Copernicus

Google Earth

A coal fired Midwesjpower plant




Physical Principles will Prevall

Conservation of mass and energy
says that all of the mass in this
pile of coal other than the fly ash
will end up in the atmosphere

F s

Image Landsat ! Copernicus

Google Earth

A coal fired Midwel- 6Wer plant




Bottom Line

Generating power consumes
finite resources and impacts
the environment

Google Earth




Reducing Atmospheric Impacts

We expect our energy mix to be 70% carbon free by 2040 based on
current commitments and mandates, and we're working to deliver
the right resources and technologies to make that happen.

Energy Strategy; www.portlandgeneral.com

Integrated Resource Planning

Preparing for Oregon’s energy future




Reducing Atmospheric Impacts

. XYZ Power Company Generating Mix
Moving away from carbon

fuels is a common, long term

goal for many utilities
Wind and Solar

Purchased
Power




Reducing atmospheric impacts

The commissioning tool set
can have an immediate
impact by reducing the need
for energy in the first place

It's a win-win situation

XYZ Power Company Generating Mix

Wind and Solar

Purchased
Power



Options for Assessment

« Measure It
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Options for Assessment

 Measure It
» Ask the Plant Operating Team
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Options for Assessment

d M e a S u re I t %.:.’NEL National Renewable Energy Laboratory ‘
Innovation for Our Energy Future
» Ask the Plant Operating Team
p g Source Energy and Emission il i
PY U Se I n d u Stry M etrl CS ;Tj?:ﬁ;l:gfsor Energy Use in Revised June 2007

M. Deru and P. Torcellini

NREL is operated by Midwest Research Institute « Battelle  Contract
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Skill 01 — Benchmarking and Utility Analysis

Learning Objectives

Know how to benchmark your facility against a
national database of some sort.

Know how to normalize your utility bills and create an
average daily energy consumption analysis.

Know how to compare your average daily energy
consumption to key drivers like occupancy and
heating and cooling degree days

Know how to use interval data
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What is Benchmarking?

Benchmarking compares the performance of your facility to
that of similar facilities of a similar size, age, occupancy,
and function that are located in a similar climate.

THE 10 SKILLS - A CLOSER LOOK




Energy Ultilization Index (EUI)

The Metric Typically Used to Benchmark
* Requires consumption be converted to a common unit
+ KiloBtu’s per Square Foot per Year

EUI from 2014 Data
Source Energy Conversion - Electricity 3.365
Source Energy Conversion - Gas 1.092
Btu per kWh 3,413
Btu per therm 100,000
Building square footage (no mech space) 10,715
Whole Building Energy Benchmark
Site Energy Source Energy
Billed Units Btus Billed Units Btus

Electricity 190,716 650,914,664 641,760 2,190,327,844

Gas therms 4,021 402,149,182 f 4,391 439,146,906
Total Btus 1,053,063,845 2,629,474,750
Total kBtus 1,053,064 2,629,475
kBtu/sq.ft. 98 245
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Benchmarking Resources

« Building Performance Database
 https://bpd.Ibl.gov/
« EnergyStar Portfolio Manager

 http://www.energystar.gov/buildings/facility-owners-
and-managers/existing-buildings/use-portfolio-
manaager

« Labs 21
» http://labs21benchmarking.lbl.gov/
« Qakridge National Labs
» http://eber.ed.ornl.gov/benchmark/bench.htm
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# Building Performance Data...

++ https://bpd.|bl.gov/#explore

Benchmarking Against CBECS via DOE Buildings

Performance Database

LP~ac

\~ Facility Dynamics is a consulti..

| —
. |1 BookOnPost Stays atIHG Ar... | |

|

1 File Edit View Favorites Tools Help

% 3 RoboForm ~ ~ ¢4 Logins ~ §r Bookmarks * 7% Building Perfformance Database (+1) | i David Sellers | |5} Save @) Generate £@Sync ()
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Presidio Dental Clinic (Building 423)
Whole Building Source Energy Use Intensity

2014 Consumption Basis
DOE Building Performance Database
All US Commercial Buildings

All Commercial Buildings
POM 423 Detnal Clinic
Median

Building Count

I 1 I ]
10
N~
o
O
+
o
10
o

10
N
o

o]
+—
o
o
o

450 to 475
500 to 525 |
550 to 575 |
600 t0 625 7
650 to 675 |
700 t0 725
750 1o 775
800 to 825 |
850 to 875
900 t0 925 7
950 t0 975
1000 to 1025

1 1
0 10
N A
o <
o ©
+~ +
o O
0 O
on I

100 t0 125 7
150 to 175
200 to 225
1050 to 1075
1100 to 1125
1150 to 1175
1200 to 1225
1,250 and above

EUI Range, kBtu/sq.ft.
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Presidio Dental Clinic (Building 423)
Whole Building Source Energy Use Intensity

2014 Consumption Basis
DOE Building Performance Database
All US Outpatient Facilities

m Outpatient Facilities
W Presidio Dental Clinic (Building 423)
Median

Building Count

100 to 125
150 to 175
200 to 225
250 to 275
300 to 325
35010 375
400 to 425 |
450 to 475
500 to 525 |
550 to 575
600 to0 625 |
650 to0 675 |
700 to0 725
750 10 775
800 to 825 |
850 to 875 |
900 t0 925 7
950 t0 975
1000 to 1025
1050 to 1075
1100 to 1125
1150 to0 1175
1200 to 1225
1,250 and above

EUI Range, kBtu/sq.ft.
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Presidio Dental Clinic (Building 423)
Site Electrical Energy Use Intensity

2014 Consumption Basis
DOE Building Performance Database
All US Outpatient Facilities

Outpatient Facilities
Presidio Dental Clinic (Building 423)
Median

Building Count

100 to 110 7
120 t0 130
140 10 150
160 10 170
180 10 190 T
200 10 210 T
220 to 230
240 to 250
260 to 270
280 10 290
300 to 310
320 to 330
340 10 350
360 10 370
38010 390
400 to 410
420 to 430
440 t0 450
460 to 470
480 to 490

EUI Range, kBtu/sq.ft.
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Presidio Dental Clinic (Building 423)
Site Fuel Use Intensity

2014 Consumption Basis
DOE Building Performance Database
All US Outpatient Facilities

Outpatient Facilities
Presidio Dental Clinic (Building 423)
Median

Building Count

100 to 110
12010130
140 to 150
160 10 170 7
180 10 190
200 1o 210
220 to0 230
240 to 250
260 to 270
280 10 290
300 to 310
320 to 330
340 to 350 ]
360 to 370 ]
380 10 390 ]
400 to 410
420 to 430
440 to0 450
460 1o 470
480 to 490

EUI Range, kBtu/sq.ft.

THE 10 SKILLS - A CLOSER LOOK




What is Utility Consumption Analysis?

 Utility consumption analysis looks for trends in utility
consumption patterns that are indicators of opportunities
to save resources. These patterns are also indicators of
the persistence of benefits provided by past projects

* Average daily basis
« Normalized to the calendar month
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Average Daily Energy Consumption Analysis

Compare average monthly patterns to potential drivers

« Heating and cooling degree days
(http://www.weatherdatadepot.com/)

e Occupancy patterns

* Production

Critical considerations

« Data needs to be averaged over the days in the billing period

« Data needs to be normalized to the month not the billing
period

Utility Consumption Analysis Tool (UCAT) will do the work for you
(www.CACXx.org)
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Presidio Dental Clinic
(Building 423)
Average Daily
Electrical
Consumption

Average Daily Electric kWh - 2014

1N
o
o
1N
=)
o

— Average Daily Electric kWh - 2013

——2014 Cooling Degree Days (60°F
Balance Point)

2013 Cooling Degree Days (60°F
Balance Point)

2014 Heating Degree Days (65°F
Balance Point)

w
(@]
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=

E 0
= ©
g 350 %
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Presidio Dental Clinic
(Building 423)
Average Daily Gas
Consumption

n
o

Average Daily Therms - 2014
— Average Daily Therms - 2013

2014 Heating Degree Days (65°F
Balance Point)

——2013 Heating Degree Days (65°F
Balance Point)
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An Example

Retrocommissioning Findings:
Scoping a Dental Clinic VAV
Reheat System—Part 1

Available at www.AvB8rDAS.com
* Follow the blog link
° SearCh for “Dentalu :?:r::to;r::{i;:]if:‘i::f1Find'mgs: Scoping a Dental Clinic VAV
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Leveraging the Utility Data

Use the utility data to “frame” your project

* Reverse engineer the savings potential from utility
consumption, industry metrics and past experience

* Reverse engineer the over-all project budget from
what is justified by the savings potential and the
Owner’s financial metrics

* Reverse engineer budget line item amounts from
past experience if needed

* Quantify risk by assessing the obvious

THE 10 SKILLS - A CLOSER LOOK




Leveraging the Utility Data

Utility Consumption Analysis Tool
(UCAT)

* Allows very quick
assessments of utility
consumption patterns based
on billing data and use

LBNL Commissioning Cost and
Benefit Reports

* Provides savings metrics for
EBCx and other Cx
processes

— General case median for
EBCx is 16% reduction

« Upper limit — 31%
* Lower limit — 9%
Includes metrics by
building type too

Free download from
www.CACX.org

 Select “Resources” then
“Tools and Templates” then
“Existing Building Cx”

Free download from
http://cx.1bl.gov/

o Select Cost-Benefit
Assessments

2004 Assessment is the
foundation

2009 Assessment updates the
2004 report

MBCx report focuses on the
UC/CSU/IOU program
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Dental Clinic Annual Consumption

Energy $
Electricity - kWh/$ per year 190,716 $36,236 Source = Dental Clinic Energy Analysis v1.xlsx
Thermal at the Central Plant - Therms/$ per year 4,021 $4,021 Source = Dental Clinic Energy Analysis v1.xlsx
TOTAL $40,258 $ per year
$3.76 $ per square foot per year
EUI Factors Site Energy | Source Energy
Electrical Energy 61 204 kBtu/sq.ft./yr.
Thermal Energy 38 41 kBtu/sq.ft./yr.
Total 98 245 kBtu/sq.ft./yr.
LBNL Cx Cost Benefit Median Energy Savings (2009 update) - 16% of Whole Building Energy Consumption.
Low End High End
Potential savings range for the purposes of our discussion - 10% 16% Set based on LBNL Metric and
engineering judgement related
to observations on site and the
special systems present
Potential annual savings - $4,026 $6.,441 $ per year
Potential electrical savings - 19,072 30,515 kWh per year
Potential thermal savings - 402 643 Therms per year
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Dental Clinic Project Budget Range

Energy $
Electricity - kWh/$ per year 190,716 $36,236 Source = Dental Clinic Energy Analysis v1.xlsx
Thermal at the Central Plant - Therms/$ per year 4,021 $4,021 Source = Dental Clinic Energy Analysis v1.xlsx
TOTAL $40,258 $ per year
$3.76 $ per square foot per year
EUI Factors Site Energy | Source Energy
Electrical Energy 61 204 kBtu/sq.ft./yr.
Thermal Energy 38 41 kBtu/sq.ft./yr.
Total 98 245 kBtu/sq.ft./yr.
LBNL Cx Cost Benefit Median Energy Savings (2009 update) - 16% of Whole Building Energy Consumption.
Low End High End
Potential savings range for the purposes of our discussion - 10% 16% Set based on LBNL Metric and
engineering judgement related
to observations on site and the
special systems present
Potential annual savings - $4,026 $6.,441 $ per year
Potential electrical savings - 19,072 30,515 kWh per year
Potential thermal savings - 402 643 Therms per year
-
Simple payback time frame - 5 years 10 years
Savings range - Low End High End Low End High End
Energy savings after the indicated interval, 2013 $ - $20,129 $32,206 $40,258 $64,412
Incentive, 2013 $ - $0 $0 $0 $0
Total, 2013 $ - $20,129 $32,206 $40,258 $64,412
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A F i e Id PerS pECtiVQ 0 n E n g i nee I'i ng Engineering lessons from the field

Buildings are Talking To Us ...

... we just need to learn how to listen

Annotating Charts in Excel Developing Retrocommissioning Implementation Budgets,

Focusing on Individual Findings

Archives

Developing Retrocommissioning Implementation Budgets; [Select Month V|
Establishing the Big Picture _
Categories

Posted on May 1. 2015 | Select Category

This string of posts started out as an e-mail response to a number of people involved with 01 - Commissioning
a Marriott training class where I teach the technical track. As the e-mail got longer and Resources
broader in scope, I realized that the information would be useful to a broader audience, * Building Commissioning

including attendees in next year’s class. So I decided to develop a string of blog posts on

Association

California Commissioning

the topic in place of the e-mail. Colaborative

Control System Design Guide
Funetional Testing Checklist Tool
and Test Directory

tolerance for risk along with utility analysis techniques and scoping skills to bracket the Functional Testing Guide

This first post will discuss using industry metrics and the Owner’s financial metrics and
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Looking for Shapes in the Clouds

An Eagle over Cambridge, UK




A heart does a balancing act and a cloud pup looks on over St. Johns, Oregon, US.
© David and Kathy Sellers
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Looking for Shapes in the Clouds




A Cloud Revealing Something About Buildings

Looking for Shapes in the Clouds
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A Cloud Revealing Something About Buildings
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Regressions

o Step 1
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Rirae Hall Pre-MEB /\ Dutdoc ambers =

76 Looking for Shapes in the Clouds
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Birge Hall Pre-MBCx kW vs. Outdoor Temperature
12-01-10 - 05-10-11
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Birge Hall Pre-MBCx kW vs. Outdoor Temperature
12-01-10 - 05-10-11
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Birge Hall Pre-MBCx Steam Load vs. Outdoor Temperature
12-15-10 - 05-10-11
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Birge Hall Pre-MBCx Steam Load vs. Outdoor Temperature
12-15-10 - 05-10-11

50,000

45,000

40,000

35,000 ! 4 :
g' s ]
= l “ ! §
S 25,000 e 11 | | |
| ’ - | ‘ ‘ ! : ! Steam Load
é 20,000 ° ,_! | | | Poly. (Steam Load)
%)

! '
15,000 | } ’ ”‘ “‘L‘Lx.
HH H T ™
10,000 | RAE i it ! ““”hw .
_ ‘ y = 2.8721x? - 688.87x + 45945
>,000 R2=0.1124
[ S
30 39 40 45 50 55 60 65 70 75 80 85
Outdoor Temperature, °F




Mining Utility Interval Data

1. Start with a basic data set from a smart meter
Once a day is workable

Once an hour is better
Once every 15 minutes may be possible

Address 607 LAWTON RD, MONTEREY, CA 93940
Account Numbe 5491342676
Service 5491342801

TYPE START TI/END TIN USAGIUNIT COST NOTES

Electric usage 6/9/2014 9.6 kWh
Electric usage 6/9/2014 9.12 kWh
Electric usage 6/9/2014 8.28 kWh
Electric usage 6/9/2014 8.88 kWh
Electric usage 6/9/2014 9.24 kWh
Electric usage 6/9/2014 8.28 kWh
Electric usage 6/9/2014 852 kWh
Electric usage 6/9/2014 9 kWh
Electric usage 6/9/2014 9.96 kWh
Electric usage 6/9/2014 8.28 kWh
Electric usage 6/9/2014 9 kWh
Electric usage 6/9/2014 8.28 kWh
Electric usage 6/9/2014 8.28 kWh
Electric usage 6/9/2014 : 9 kWh
Electric usage 6/9/2014 8.4 kWh
Electric usage 6/9/2014 : 8.28 kWh
Electric usage 6/9/2014 : 8.4 kWh
Electric usage 6/9/2014 : 9.12 kWh
Electric usage 6/9/2014 8.28 kWh
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Mining Utility Interval Data

2. Combine the data and time stamps into one cell and
then correlate the date and time with an outdoor air
temperature or other data like occupancy, production,
etc.

Address 607 LAWTON RD, MONTEREY, CA 93940
Account Numbe 5491342676
Service 5491342801

TYPE START TI/END TIN USAGIUNIT COST NOTES Date and Time Outdoor
Temperature,
°F

Electric usage 6/9/2014 9.6 kWh 6/9/2014 0:00
Electric usage 6/9/2014 9.12 kWh 6/9/2014 0:15
Electric usage 6/9/2014 8.28 kWh 6/9/2014 0:30
Electric usage 6/9/2014 8.88 kWh 6/9/2014 0:45
Electric usage 6/9/2014 9.24 kWh 6/9/2014 1:00
Electric usage 6/9/2014 8.28 kWh 6/9/2014 1:15
Electric usage 6/9/2014 852 kWh 6/9/2014 1:30
Electric usage 6/9/2014 9 kWh 6/9/2014 1:45
Electric usage 6/9/2014 9.96 kWh 6/9/2014 2:00
Electric usage 6/9/2014 8.28 kWh 6/9/2014 2:15
Electric usage 6/9/2014 9 kWh 6/9/2014 2:30
Electric usage 6/9/2014 8.28 kWh 6/9/2014 2:45
Electric usage 6/9/2014 8.28 kWh 6/9/2014 3:00
Electric usage 6/9/2014 ; 9 kWh 6/9/2014 3:15
Electric usage 6/9/2014 8.4 kWh 6/9/2014 3:30
Electric usage 6/9/2014 : 8.28 kWh 6/9/2014 3:45
Electric usage 6/9/2014 : 8.4 kWh 6/9/2014 4:00
Electric usage 6/9/2014 : 9.12 kWh 6/9/2014 4:15
Electric usage 6/9/2014 8.28 kWh 6/9/2014 4:30
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Mining Utility Interval Data

3. Use Excel Functions to break out useful data like kW
and data that can be used as a “filter” like hour of day,
day of week, month, etc.

Address 607 LAWTON RD, MONTEREY, CA 93940
Account Numbe 5491342676
Service 5491342801

TYPE START TI/END TIN USAGIUNIT COST NOTES Date and Time Outdoor  Time Demand,  Year Month  Dayof  Dayof VYearand Hourof Interval 1if 1if
Temperature, interval, kW Month Week Month Day Counter demand demand
°F Hours (Sunday is above is above
is1) 20kW 50 kW

2 2014/6 0 0

2014/6
2014/6
2014/6
2014/6
2014/6
2014/6
2014/6
2014/6
2014/6
2014/6
2014/6
2014/6
2014/6
2014/6
2014/6
2014/6
2014/6
2014/6

Electric usage 6/9/2014 9.6 kWh 6/9/2014 0:00
Electric usage 6/9/2014 9.12 kWh 6/9/2014 0:15
Electric usage 6/9/2014 8.28 kWh 6/9/2014 0:30
Electric usage 6/9/2014 8.88 kWh 6/9/2014 0:45
Electric usage 6/9/2014 9.24 kWh 6/9/2014 1:00
Electric usage 6/9/2014 8.28 kWh 6/9/2014 1:15
Electric usage 6/9/2014 852 kWh 6/9/2014 1:30
Electric usage 6/9/2014 9 kWh 6/9/2014 1:45
Electric usage 6/9/2014 9.96 kWh 6/9/2014 2:00
Electric usage 6/9/2014 8.28 kWh 6/9/2014 2:15
Electric usage 6/9/2014 9 kWh 6/9/2014 2:30
Electric usage 6/9/2014 8.28 kWh 6/9/2014 2:45
Electric usage 6/9/2014 8.28 kWh 6/9/2014 3:00
Electric usage 6/9/2014 ; 9 kWh 6/9/2014 3:15
Electric usage 6/9/2014 8.4 kWh 6/9/2014 3:30
Electric usage 6/9/2014 : 8.28 kWh 6/9/2014 3:45
Electric usage 6/9/2014 : 8.4 kWh 6/9/2014 4:00
Electric usage 6/9/2014 : 9.12 kWh 6/9/2014 4:15
Electric usage 6/9/2014 8.28 kWh 6/9/2014 4:30

[< 33K K< < < N i< N« N« NaFe i NA< N« A« NiF< N« N« e R N
\O O O O O VWV WYWWWWWWOWWOWWOWWWOWOULY
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Mining Utility Interval Data

4. Have Fun

Hours in data set -
Hours infiltered data set -

Before
10,919
2,016

After
10,919
2,208

kWh- 75908 72,600

USAGE UNITS COST NOTES Time
interval, , kW
Hours

140.00

120.00

100.00

80.00

60.00

40.00

20.00

0.00

kW vs. OAT

kW vs. OAT

¥ -i‘!

it

PSR - o

0

Demand  Outdoor

Temperatur
e, °F

57.90
57.90
57.90
57.90
57.90

0.00

10 20 30 40 50 60 70 80 90 0 10 20 30 40 50 60 70

Month Day of Day of Year and Hour of Interval 1if demand 1if demand
Month Week Month Day Counter  isabove 20 is above 50
(Sunday is kW
1) - T
2 2014/6
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2014/6
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Mining Utility Interval Data

140.00

120.00

When the consumption pattern 10000
changes, the cloud pattern 300
Changes 60.00

e Good Measurement and
Verification (M&V) tool

« (Good persistence tool
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Applied at a System Level

AHUI3

Corridor Make-up Air Handling Unit at the Freight Elevators (others similar)

Supply fan - 3,152 cfm at 2.25 inw.c., 3 hp from drawings. 3.150 cfm from drawing air
flow

Preheat Coil - 3.152 c¢fm from -5°F to 105°F, 310.9 MBH using 9.6 gpm from 180°F to
113°F; 0.15 inw.c. air side pressure drop, 1.4 ft.w.c. water side pressure drop; 2 Row, 14
fins per inch

Cooling Coil - 3.152 cfm from 93/63 tdb/twb °F to 52.0/48.8 tdb/twb°F, 116.8 MBH
using 14.5 gpm from 40°F to 56°F; 0.30 inw.c. air side pressure drop, 1.1 ft.w.c. water
side pressure drop; 4 Row, 14 fins per inch

CHR
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Heating Btu/hr vs. OAT
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Heating Btu/hr vs. OAT
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A Field Perspective on Engineering

Buildings are Talking To Us ...

Search Results for: Scatter Plots

Economizer Analysis via Scatter Plots—Linking Excel Chart
Labels to Data in Cells

Posted on December 30, 2015

As you may recall, this fall, I started a string of posts on using scatter plots to assess
building performance. The 8th post in the series was going to use the technique to assess
and economizer by comparing what a ... Continue reading —

Posted in Economizers, Excel Technigues | 2 Comments

Using Scatter Plots to Assess Building Performance—Part 7
Posted on September 13. 2015

A number of these posts have focused on a data cloud for an office/training facility located
in Monterey California. Much of the work associated with the examples I have used
occurred as a part of a field class where we ... Continue reading —

Posted in Excel Technigues, Refrocommissioning Findings | Leave a comment

Engineering lessons from the field

Scatter Plots
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Birge Hall Average Daily Therms vs. Time of Day and Day of Week
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Make Sure Your Data is Right

—— Obvious Meter Based Load...

15,000 1

10,000 -

Pounds Per Hour

5,000 H
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Load Projections Based on Equipment and SEP Metrics

Steam loads from original drawing capacities

ltem

DHW Heaters

HHW Hx
Sill
Future loads
TOTAL

Rating, Ib/hr

4,000

6,500
90
Unknown
10,590

Assumed
load
2,000

3,250
45
0
5,295

Comment

Rating based on trap rating from original drawings, Suspect real consumption is minimal
and very intermittent

Assumed load based on pump rated flow at design temperature rise

3/4" line, assumed very intermittent

1" capped connection on each floor is available

Steam loads from original equipment metrics
Original steam meter size -
Steam PRV station rating for HHW Hx -
Original Hx Rating -
HW system rating - 500 x pump gpm X At -
Steam loads from SEP metrics
SEP Annual Consumption Metric - 113,750 therms/year at the central plant
SEP steam system efficiency - 12.5 th/MMBtu
- 80%
SEP metric at the building - 91,000 therms/year at the building
- 10 therms/hour average
- 1,039 Ib/hr
Building squarefootage - 97,768 sq.ft.
Index - 1.16 therms per sq.ft per year

12,000 Ib/hr (from original drawings)
7,500 Ib/hr (from original drawings)
6,500 Ib/hr (from original drawings)
3,250 Ib/hr (from original drawings)
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Birge Hall Steam Load Assessment

Calculated load from HHW equipment vs. Obvious load if meter reads gallons vs. Obvious load if
meter reads pounds

20,000 -
—— Obvious Meter Based Load -
15,000 - Meter Reads Gallons
l l —— Obvious Meter Based Load -
Meter Reads Pounds
H —— Calculated Load - Maximum
5,000
S 4.000 —— Calculated Load - Median
(@] -
£ 10,000 -
6 3,000 Calculated Load - Minimum
C‘u-) 2,000
= 1,000
=]
3 o ]
o 5/19/20'11 000 - -5/2{3/20'11 Qnn
5,000 - ' L=
0 '

5/17/2011 0:00

5/24/2011 0:00
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Birge Hall Condensate Pump Based Steam Consumption vs.

Obvio Basis Condensate  Obvious
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Success in One Area can be Masked by

Increasing Loads in Other Areas

Le Conte Hall Average Daily Electrical Consumption

4,000
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Success in One Area can be Masked by

Increasing Loads in Other Areas

Le Conte Hall Average Daily Electrical Consumption
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Success in One Area can be Masked by

Increasing Loads in Other Areas

Le Conte Hall Average Daily Electrical Consumption
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Skill 02 — Scoping

Learning Objectives

Learn how to connect the dots between physical
realities and fundamental physics

Develop a familiarity with the physical principles that
apply the building systems and HVAC.

Learn to trust your “gut” and “follow your nose”.
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Skill 02 — Scoping

Looking for Obvious Clues
* Do things make sense?

« Should the outdoor air
dampers be open or closed
given the current
conditions?

Should the chilled water coil
be active given the current
conditions?

* Are things running when
they don’t need to run?

“Say ... what’s a mountain goat doing way up here
in a cloud bank?”
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What's Obvious to One May Not Be
Obvious to Another




Skill 02 — Scoping

Applying Fundamental
Principles can be Helpful
« Fundamental principle

Power used over time is
energy

kWh = kW =< Hours,,,, ...,

« Helpful insights

1. If | optimize the number of
hours that a machine
operates, | will save energy

. If I reduce the power
required by a machine to
operate for any period of
time, | will save energy

THE 10 SKILLS - A CLOSER LOOK




Skill 02 — Scoping

Ap_plylng Fundamental o Flow x Head
Principles can be Helpful Peump = 3,960 Efficiencyp,,
« Fundamental principle

Pump power is a direct kW,
function of the flow and head i
produced

= 0.746 x Bhp,,,.,

« Helpful insights

1. If | reduce the head or the
flow, | will reduce the power
required

. If there Is unnecessary
head or flow that | can
eliminate, | will reduce the
power required
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Skill 02 — Scoping

Applying Fundamental
Principles can be Helpful Pressurey,,, = PP@SSUP@OM{

« Fundamental principle

Head required varies as the
square of the flow

« Helpful insights

1. If I cut the flow in half the
pressure required to
produce it will be cut to 25%
of what it was for a fixed
system

. For a fixed system, pump
power will vary in proportion
to the cube of the flow

Flow,,,, ?
Flow,,,
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Skill 02 — Scoping

Applying Fundamental
Principles can be Helpful
 Fundamental principle

As an engineer, | my actions
will result in the expenditure of
energy and other resources

» Helpful insight

| have more than a technical and
financial responsibility for
resource expenditures, | also
have an ethical responsibility

http://tinyurl.com/EnergyEthic

Energy Conservation

But Wehster
acterized by or cof

requiring specialized knowle

al” is a person who

the mechanical/el
al does 1o

professional
or pub
vears, It started in

held the geose that laid th
Ands vithin that community
intent upon servis
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Skill 02 — Scoping

Applying Fundamental
Principles can be Helpful
 Fundamental principle

The fundamental goal of most
building systems is to provide
an environment that is safe,
clean, comfortable and
productive

» Helpful insight

If, in the name of efficiency and
sustainability, | do something that
makes the built environment
unsafe, unclean, uncomfortable or
unproductive, then | have done a
disservice

Energy Conservation

an Ethic

profe:

services, others believe it simply d
But Wehster v € ate Dictionary defi
acterized by or ing to the technical or eth

requiring specialized knowled;

nal” isa person who

cal/elec-
al does 1o

thin that community
nient upon serving hu-
a the short run that they lost si
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Looking at a Few Examples

Equipment in “Hand”

« Very common

» Potential big savings for a low cost ——
(maybe) ON
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Looking at a Few Examples

Flow x Head
3,960 x Efficiencyp,,.,

Equipment in “Hand” Bhppump =

* The Applicable Fundamental
Principles
kWPumP =0.746 x Bhppump

kWh = kW x Hours, ...
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Looking at a Few Examples

Flow x Head
3,960 x Efficiencyp,,.,

Equipment in “Hand” BhpPpymp =

« Evaluating the savings with field
data ...

The pump is probably throttled to The pump nameplate probably
design conditions reflects design conditions
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Looking at a Few Examples

Flow x Head
3,960 x Efficiencyp,,.,

Equipment in “Hand” BhpPpymp =

« Evaluating the savings with field
data ...

... operator insights ... kWPump = 0.746 BhPPump

kWh = kW x Hours, ...

j—

The operators typically can
provide key information like hours
of operation and when they need
to start chillers vs. using
economizer cooling
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Looking at a Few Examples

Flow x Head
3,960 x Efficiencyp,,.,

Equipment in “Hand” BhPoymp =
« Evaluating the savings with field
data ...
... operator insights ... kWPump = 0'746XBhPPump

... and climate data kWh = kW xHours, ...

ALY
BAR

Bin data, TMY data or hourly

weather data from a national Sao Paulo, Brazil
climate resource can provide a

sense of how many hours a year

exist at the conditions associated

with different operating modes
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Looking at a Few Examples

Throttled Pumps

* Very common

 Many ways to achieve the savings
with pros and cons to each that
will be equipment and site specific
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Looking at a Few Examples

Flow x Head
3,960 x Efficiencyp,,,,

Throttled Pumps BhPpym, =

* The Applicable Fundamental
Principle
kWPumP =0.746 x Bhppump

kWh = kW x Hours, ...
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Skill 03 - HVAC Fundamentals
A Really Big Topic

. Saturated Systems . Heating Equipment

. Loads . Variable Flow Water
. Centrifugal Machines SISICIE

. Piping Systems 8. Duct Systems

. Refrigeration and 9. Economizers
Cooling Equipment 10. Makeup and Exhaust
Systems

11. Variable Air Volume
Systems
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The Fundamental Principle Behind
Centrifugal Machines

e

, D

e B
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A Resource

The “Materials from Classes and
Presentations” page on my
website e raiiime |

Available at www.Av8rDAS.com

* Pick the “Resources” drop
down ...

e ... then *Materials from
Classes and Presentations”

« ... then "Pacific Energy
Center Classes”
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Skill 04 — The System Concept

Learning Objectives

* Recognize how important it is to think in terms of
systems, not just components and sub-assemblies
when dealing with HVAC processes and building
systems.

Recognize that the building envelope itself is a critical
part of a facility’s HVAC systems.

Know how to go about developing a system diagram
for an air system and water system.

Know how to use the system diagram to understand
the system and facilitate diagonstics and
communications with the project team.
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The System Concept

Fundamental to Understanding how Equipment and
Machinery will be Integrated and Interact with Other
Machines, Systems, Building Occupants, Building
Processes, and the Climate
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Its Not Just an Air Handling Unit ...

Integral face and

OA . bypass type steam Chilled water  Steam Rackdraf+t
Isolation preheat coil cooling coll reheat coil Humidif ier dampers

damper
CWS LPS Ny

LPS
O
o + I o i i
81°F ¢ 40°F =g :
L 1 L ol | - - [
30% LPR Chemical and EWR - LPR Two parallel HEPA filters

Prefilters 95% Final plug type
filters supply fans

-‘\”'QV‘Q

Losiimmmn
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Its Not Just an Air Handling Unit ...
...I's an Air Handling System

Integral face and

OA . bypass type steam Chilled water  Steam Rackdraf+t
Isolation preheat coil cooling coll reheat coil Humidif ier dampers

damper
CWS LPS Ny

LPS
0
o Lo i (o] i
81°F I a 40°F = B
iR il 1 L - | o=
30% LPR Chemical and EWR - LPR Two parallel EPA filters

Prefilters 95% Final plug type
filters supply fans

-‘\”'QV‘Q

Losiimmmn

Make Up AHU

A
Supply Plenum

A
= = ==

Ly v s

——
Production Tool |D|
S

| w— | — S | w— | —

irs g o fad < <
Sub-floor/Return Plenum
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The Physical Configuration Needs to Match
Design Intent

The piping plan
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The Physical Configuration Needs to Match
Design Intent

The piping isometric
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The Physical Configuration Needs to Match
Design Intent

#!
The piping system diagram % %
"

Which is the easiest to
use to communicate or
understand how a
system works and
perform diagnostics?

No VFD

Chiller 2
VFD & HG
Chiller 1
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Skill 05 — Data Logging and Trend Analysis
One of the Ways a Building Talks to Us

Learning Objectives

Know how to launch a typical logger and retrieve data
from it.

Know how to identify the appropriate points to monitor
for the purposes of diagnostics and troubleshooting.

Know how to match sensor selections to the
requirements of a project so that you develop
meaningful data.

Know how to interface the sensors you have selected
with the logger you are using.

Know how to install sensors in systems so they
provide meaningful data reflecting the conditions you
are actually trying to monitor.
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A Simple, Common Data Logging System
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Le Conte Hall

« UC Berkeley Physics
Department Home

* 148,000 square feet
* Four floors plus basement

— Floors 1 and 2 - Classrooms
and research

— Floors 3 and 4 - Offices, class
rooms, informal meeting
space

* Interconnected with other
physics department buildings

« MBCx program participant
since 2009

« MBCx Best Practices Award

winner for the 2009 program
cycle

THE 10 SKILLS - A CLOSER LOOK

It Takes a Team to Succeed

Left to Right

Anthony Vitan, Eleanor Crump, Julia Gee, Chuck
Frost
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85.0 -
| Le Conte Hall Chilled

Water System Prior to

80.0 - ~ ~ | Flywheel Operation
Tuesday, January 18, 2011

75.0 -

~

o

o
1

Five to six compressor cycles per —CHW Return

hour or more; a.k.a “short cycling”

60.0 ‘ , .

55.0 ¢

—CHW Supply

Chilled Water Temperature, °F
o
o

¥
H ! W
" ! il M‘”\ l"'”l'”)'\'rlwl

| |I\I.‘ |
50.0 i il

Tue 12 AM Tue 06 AM Tue 12 PM Tue 06 PM Wed 12 AM




The Problem with
Short Cycling

&Lf\“;&"iﬁ""




Skill 06 — Functional Testing
A Way to Ask the Building a Question

Learning Objectives
« Know the basic elements of a functional test.

* Know how to develop a functional test that will deliver
the data you need to resolve a problem or improve

efficiency or operations.
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Special Equipment May Be Required

RN TRO L
oDuCTsS

“I have an appointment to demonstrate
our new line of ear protectors.”
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How Do We Ask the Building a Question?

We perform a functional test
Functional test components
Statement of purpose

Instructions for using the
test form

Equipment requirements
Acceptance criteria
Precautions
Documentation
Procedure

Return to Normal and
Follow-up

ts' CLPrinterFriendy aspe InclodeParties=ATLL&Exclude. . /12010
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Skill 07 — Data Analysis
Listening to What the Building Said

Learning Objectives

* Know how to import logged data into Excel and other
tools and create meaningful, legible, annotated charts
and graphs to convey the results of analysis and
diagnostic efforts.

Know how to review data and pick up patterns from
the data that reveal issues and solutions.

Know how to use the internet and other resources to
find case studies and examples similar to a problem
you are studying and glean appropriate data analysis
techniques from the work of others

Know how to import graphs and tables generated in
Excel into PowerPoint
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Le Conte Hall CHW System Flywheel Test

Lab and building functions

80 T A can handle an upper limit

L s S Trend data shows

S Temp

//\,_ of 59°F forthe flywheel casys)

; 1 \ ——Qutdoor
| M s i a—— s Reso A 2 hour ﬂyWheeI 8 S S O [ SO OO Temperature
A . representing about \\ , ——
45 /b /\ 13 ton-hours is E ................. / amps (Metasys)
0 VN \pm- possible \‘ Y . ==orpreem?
? (/2]
i T T T o
35 J) = ——— 2
5 <
30 o ‘ """"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" 90 +«<
o
=
@)

20

Temperature, °F

15

10

,,,,,,,,,,,,,, colder temperature
than local indication
""'during the charge?

60

It will take one compressor
labout 10 minutes to

rechargke the flywheel

0

0+

Wed 1/13/10 3:00 PM

Wed 1/13/10 6:00 PM

Date and Time Q Facility Dynamics
EN(IN!{RJN(
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85 - : : : - 80
Le Conte Hall Chilled

Water System

80 - EHEHE - | . - 60 Flywheel Operation
! Wednesday, July 4, 2012
15 7 L 40

~J
o
A L i i i

- 20

—— CHW Return
—— CHW Supply
------------- Compressor 1 Amps

Amps, Outdoor Temperature, °F

(o)}
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{
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Compressor 2 Amps
------------- Outdoor Temperature

Chilled Water Temperature, °F
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o

16y}
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2

The Bottom Line
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A Warm, Low
Occupancy Day
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Skill 08 — HVAC and Energy Calculations

Learning Objectives

« Become familiar with the fundamental equations
associated with HVAC equipment power and energy
use.

Know how to used field measurements, design
parameters, and estimates to evaluate the equations
and predict power requirements.

Know how to use spread sheet techniques like hour
by hour calculations and bin calculations to
extrapolate power calculations over time and predict
energy consumption.
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Skill 08 — HVAC and Energy Calculations

QBm per hour — 1.08 x FIOWCubic Feet per Minute (Temperature In,°F Temper'atur'e Out, °F )

Where:
Qutu per hour = Sehsible energy change in the air stream

1.08 = Unit conversion constant for dry air at 70°F
Flowcypic Feet per minste = 1he flow rate for the current operating mode based on TAB data

(Temperature In °F — lemperature o OF) = Heat exchanger temperature difference

THE 10 SKILLS - A CLOSER LOOK




Skill 08 — HVAC and Energy Calculations

QB’ru per hour — 4.5x FIOWCubic Feet per Minute X (Enthalpy In, Btu per pound Enthalpy Out, Btu per pound )
Where:
Qbty per hour = ToTal energy change in the air stream

4.5 = Unit conversion constant for dry air at 70°F
Flowe ic Feet per minste = 1he flow rate for the current operating mode based on TAB data

(Enthalpy In, Btu per pound — EMTAGIPY 04t bty per pound ) = Heat exchanger enthalpy difference
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Skill 08 — HVAC and Energy Calculations

Flowcfm x Static.

nw.c. } X 746

[ 6’ 356 % Mean * Mgeits > "Motor < Tlvsp

Where:
kw
Flow

Static =

Input to the system to produce the flow and static pressure.

Flow rate in cubic feet per minute. Generally speaking, we try to use a field measurement for this. If that is not
available we will use a value from a tab report. Lacking that we will use a design metric from the original drawings
or an equipment submittal.

The fan static pressure in inches water column. Since fan static as defined by AMCA is difficult to measure in the
field, we usually try to derive this number from the fan curve using two other feild measurements like flow and

fan speed or flow and power. Lacking those measurements we will use a value derived from a TAB report or the
design value.

A units conversion constant that is good for air at approximately O - 2,000 feet, , and between -40°F and 120°F.
Fan static efficiency. We usually try to get this number from the fan curve or from the fan's rated brake horse
power (bhp), flow and static. Lacking that, we will make a geometrically similar fan selection (same flow rate, static,
wheel| diameter, wheel type, and speed) using manufacturer's software and use that efficiency.

Motor efficiency. We usually try to get the motor performance curve and select the efficiency from the curve for
the bhp that the fan wheel is extracting from it. If we can't get the motor curve, we use a similar motor selected

from MotorMaster™ International. In all cases we adjust the efficiency for the motor operating point vs. using
the motor's rated nameplate efficiency.

Variable speed drive efficiency. Where possible, we try to get the manufacturer's data for this. But this data is
difficult to obtain and not consistent in its development. Lacking manufacture specific data, we use generic data
as published by the Department of Energy on their Industrial Best Practices web site.

Horsepower to kW conversion constant.
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A Resource

The “Useful Formulas” page on
my website

i Pump Power and Energy
Available at www.Av8rDAS.com

* Pick the “Resources” drop
down ...

... then “Useful Formulas”

... then the formula of
Interest
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® g |

— |
Whole building by : '|| | ||"|||||
| ||| | | I 1 []

|I I III“_

meter data |||"| |||| 1 || |

indicates that the
compressors tend
_ to run at full load

apy tlrrue thQM Ny 10 12 1 16 A
Fri, 21 Jan 2011 ¢ ) pST Sat, 22 Jan 2011

LeConte Hall
Post Implementation Energy Not What We Expected

FUNCTIONAL TESTING IN EXISTING BUILDINGS




Temperature, °F

150

140 -
130 -
120 -
110 -
100 -
90 -
80 -
70 A

60

50 -
40 |
30 -
20 -
10 -
.

Le Conte Hall Chiller

Compressor Hot Gas Bypass Operation

—Qutdoor Temperature, °F
—Compressor 1 Hot Gas Bypass Line Temperature, °F

—Compressor 2 Hot Gas Bypass Line Temperature, °F

2/1/2011 12:00 2/1/2011 13:00 2/1/2011 14:00 2/1/2011 15:00 2/1/2011 16:00

Facility Dynamics
ENGINEERING
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Unnecessary Hot Gas = Unrealized Savings

Flywheel cycle captures 26,900 11,404 kWh/$1,140 of savings
kWh/$2,690 of savings via the “left on the table
MBCx project

— Testing performed as part of
the general MBCx effort

— Programming modified “on
the fly”

Additional savings potential
justifies a factory service call

— Perform routine checks and
maintenance

— Optimize set points
— Optimize controls
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Skill 09 — Return On Investment
Calculations (ROI)

Learning Objectives

Know how to consider and evaluate all of the benefits
associated with an energy or resource conservation
project and include those metrics in your sales pitch.

Become familiar with your client's or organization's
financial perspective and related assessment
strategies.
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What's the Right Answer?
It Depends

Throttling Impeller Trim Speed
Reduction

Savings, kW 15.12 18.46

Annual Savings, : 63,694 102,012 124,502
kKWh

Annual Savings $1,162 $7,643 $12,241 $14,940

Implementation $1,000 or less $5,000 or less $12,850 $39,557
Cost minimum

Simple Payback, .86 or less .65 or less 1.05 2.65 or more
Years

THE 10 SKILLS - A CLOSER LOOK



An Example

The Case Studies page on my
website

Pump Optimization Case Study
Available at www.Av8rDAS.com

* Pick the “Resources” drop
down ...

e ... then *Materials from
Classes and Presentations”

e ...then “Case Studies”
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Unnecessary Hot Gas = Unrealized Savings

Flywheel cycle captures 26,900 11,404 kWh/$1,140 of savings

kWh/$2,690 of savings via the “left on the table
MBCx project

— Testing performed as part of
the general MBCx effort

— Programming modified “on
the fly”

Additional savings potential
justifies a factory service call

— Perform routine checks and

maintenance
Summary

- Optlmlze set pOintS Savings via Proper Hot Gas Adjustment -
Service Call Clst -

Simple Payback -

— Optimize controls
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$1,140 per year
$4,250
3.73 years




Skill 10— Control System Competency
Another Big One

Learning Objectives
* Understand and be able to explain, in general terms,
how a proportional control system works as well as
PID.

Understand and be able to explain basic control
system concepts like open vs. closed loops, and
digital vs. analog signals.
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Skill 10— Control System Competency
Another Big One

Learning Objectives

« Understand and be able to explain common
optimization strategies like the “two thirds rule” and
reset strategies,

* Appreciate the impact that lags can have on your
control processes and the implications in terms the
quality of the equipment you procure.
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Skill 10— Control System Competency
Another Big One

Learning Objectives

« Understand why pneumatic controls require a different
skill set and level of effort if they are to be maintained
so they deliver repeatable, robust, reliable
performance relative to a DDC system

Understand why DDC systems from different vendors
are seldom equivalent “out of the box”.

Understand why the engineering associated with your
control system design may be the most critical
element of the over-all project design
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Skill 10— Control System Competency
Another Big One

Learning Objectives

Be familiar with and be able to defend the value of a
control design that includes a system diagram
complemented with a point list, a logic diagram, a
detailed narrative control sequence and very specific

product requirements.

Become familiar with your client's or organization's
control system standards.
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Skill 10— Control System Competency
Another Big One

Learning Objectives

* Understand the critical role that the installing
contractor plays in the over-all success of a control
system.

Recognize and have some familiarity with all of the
factors that can come into play in determining the
over-all performance of your control system; things
like sensor accuracy, A to D conversion accuracy,
network architecture, memory, graphics, and trending
capabilities.
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Skill 10— Control System Competency
Another Big One

Learning Objectives

* Recognize and be able to explain why “open
protocols” like BACNet, Lon, and Modbus to name a
few are useful tools in terms of allowing different
systems to share information but that they are not a
panacea that will provide for a seamless, high-
performance integration of multiple vendors.

Recognize that the physical points necessary to
control a system and the physical points necessary to
properly operate and maintain a system,
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Competency can have Big Benefits

THE 10 SKILLS - A CLOSJ]




Competency can have Big Benefits
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&+ HKON LogicBuilder - flywheelvll.lo

Edit Reorder Confrol Pro

AHUZ Status

BI  Lab Switch

Located in Hartmut
Hagttner's lab. Turn
on to trigger flwheel cyele

AT 0R Temp

ANT Trigger SP

Initial set point = 6&°F.
Wizible and adjustable from
the chiller graphic

BNI -~ Trigger Diff

Initial set point = 1°F.
Yizible and adjustable from
the chiller graphic

AMI  AHUZ DASetPrt

Existing AHUZ discharge
tetnperature set point fromn

the current program. Mote that
the ariginal design intent was a
fixed set point of 60°F. When
AST upgraded the controls, they

tnay have added a reset sehedule.

But, this should never need to
be below 60°F based on the
original design and operating
exXperience.

2 minute off delay

prevents short cycle

iT AT "flutters"

UC Berkely Le Conte Hall

Chilled Watar Flywhaal Program
030011 Fhvwhealy 8 logicsmbel La
01-13-11 Flywheelvil logicsybol L5 G

This logic iz infended to convey the general intent for
the therinal flywheel logic for Le Conte Hall. In asense
it could be considered the DD logic. The final version
will need tobe integrated with the current warking
software controlling the chilled water system.

All symbals are uzed in the context of their Automated Logic
definition (vs. amore general senze).

ANI -~ MNormal CHW SP

D¥ CHW. SFP AND

Initial set point = 45°F.
Yizible and adjustable from
the chiller graphic

AMI  Cucle CHW SP

Initial set point = 39°F.
Yizible and adjustable from
the chiller graphic




AT CHU Sup Temp

AMT Flakhl Diff

Initial set point = 20°F
Wizible and adjustable from
the chiller graphic

Bear in mind that when the chiller is enabled, it will
cvele to maintain the current set point associated
with the 2100, Inother words, the flywhee|
program is not really contrallingl chilled water
tetnperature directly, It only adjusts the set point
based on the operating mode (fhwheel or
nion-flhwheel). And. in the flywheel mode, it disables
the chiller to allow the system temperature to spin
up to create the flhawheel.

Y Chl- Enable EO

This needs to be done so
the cotpressar putrp down
cviele occurs when it is
dizabled

. A
]: E‘"" CHUWFMP Enakle EO

2 minute off delay

The intent of the off delay is to ensure that the
chillzd water flow is maintained through the

purnp down cvcle when the chiller is shut down and
to provide for o "bumpless” transition between
operating modes.

AT W a = 1 N
KItES=A CEOSERTOOK




Bottom Lines

1. Benchmarking and Ultility Analysis techniques provide
quick clues for:

|dentifying opportunities
Focusing efforts
Projecting outcomes
Demonstrating results
Ensuring persistence

. Scoping skills help to firm up the picture based on the
realities of the building

. The skills that follow allow you to build from what you
learn from the utility data and scoping to capture
savings and improve performance
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Let's Go Scope a Facility
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