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Design Phase Commissioning;
Implications Beyond Design Phase

« |f somebody doesn’t pay attention to the details the first time
around, then Mother Nature will bring them to your attention later

» Lessons learned make your
future projects better, no
matter how you learned
them
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Innovation and Design Phase
Commissioning Go Hand-in-Hand

Connect all of the dots
with 4 straight lines O O O
with out lifting your
pencil and with out
retracing a line
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Innovation and Design Phase
Commissioning Go Hand in Hand
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Innovation and Design Phase
Commissioning Go Hand in Hand

From Saran
Susanka’s book

titled The Not So
Big House
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Design is the Time to Capture Savings

* Design time well spent leads to:
— Project capital expenditures that are optimized
— Operating costs that are optimized
— Equipment life cycles that are maximized
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Minimizing Pressure Drop to Capture
Savings

Pressure Drop - Damper Open (24" x 24" size)

» Upgrade smoke dampers to b
airfoil blade design

« Savings potential = 50%+
reduction in pressure drop for o € o —
every hour of operation
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Savings via a blade design change
Horse power = (Flow in cfm) x (Fan static pressure in in.w.c.)/(Coversion
constant x Fan efficiency x Motor efficiency)
Flow rate = 46,687 cfm
Static pressure eliminated = 0.23in.w.c. (Ruskin data for an FD60 at 3,000 fpm)
Assumed fan efficiency = 80%
Assumed motor efficiency = 85%
Fan horse power = 2.43hp.
Kw =181
Operating hours per year = 2,600
Annual kWh savings potential = 4,714 kWh per year
Assumed electrical cost = $0.0750  $/kWh
Annual savings potential for AH@ear
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The Simple Payback at Design

Damper area = 15.82  sq.ft.
Conventional blade cost per square fooft = $88

Airfoil blade cost per square foot =

Cost difference for this damper =

Simple payback £= 0.73 years

——

« The payback decays rapidly if the change is not
made until after the damper is purchased or installed!
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Thinking Outside the Box to Capture
Savings

« Coordinating code and life safety requirements
eliminates dampers

— Operating cost savings
— First cost savings
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Thinking Outside the Box to Capture

Savings
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Operating Cost Savings

Horse power = (Flow in cfm) x (Fan static pressure in in.w.c.)/(Coversion
constant x Fan efficiency x Motor efficiency)

Flow rate = 46,687 cfm
Static pressure eliminated = 0.18in.w.c. (Ruskin data for an FD60 at 3,000 fpm)
Assumed fan efficiency = 80%
Assumed motor efficiency = 85%
Fan horse power = 1.89 hp.
Kw =141
Operating hours per year = 2,600
Annual kWh savings potential = 3,666 kWh per year
Assumed electrical cost = $0.0750 $/kWh
Annual savings potential for AH ear'
$4,400 peryyear

For 16 air handling unit§ =
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First Cost Savings

Supply damper area = 15.82 sq.ft.
Damper first cost = $104 $/sq.ft.
One Unit All Units
Supply damper savings $1,642 $26,266

Return damper savings $3,283 52,532
Total savings $4,925 $78,798
 This does not include the installation costs and

wiring, so the actual savings could easily be twice
this much!
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Design is the Time to Capture Intent

» Design Intent is integral to the commissioning
process

— Defines functional testing requirements
— Defines acceptance requirements
— Defines on-going operating parameters
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Thinking Outside the Box in Seattle

The SOVNeETl

y internal
bvider to ask a

Hminmm, lets think
a@out that for a
minute ....

4/24/2023 15




Looking Humidification in the Bigger
Picture

 Lost

— Absolute assurance that indoor humidity will not
be below 30% for 100 hours per year

« Gained
— $100,000 savings in first cost
— $6,000 savings in annual operating cost
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Design Details and Excellence Go Hand
in Hand

The magic behind every outstanding performance is

always found in the smallest of details
Gary Ryan Blair

http.//ezinearticles.com/?Pay-Attention-to-Details&id=245279
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What Kind of Details Matter in HVYAC?

* Application — Is there a match?
2000 ASHRAE Systems and Equipment Handbook

100
o8 NATURAL GAS = 1050 Btu/ft®
STOICHIOMETRIC AIR =
96 = 17.24 |b/lb of fuel
————— I or 9.57 ft3/ft3 of fuel
’ § I
A [
o I NONCONDENSING
Togethere ¢ = . MODE >
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@] |
1
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“l ! operating here
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Fig. 5 Effect of Inlet Water Temperature on
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What Kind of Details Matter in HVYAC?

* Application — Can it work as intended?

e
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What Kind of Details Matter in HVYAC?

« Configuration
— Will it fit?
— |Is it shaped right?

— |Is it appropriately positioned relative to the
system?
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Configuration and Fan Applications
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Fan Tests are Based on Ideal Conditions

- 0% Effective duct length
-50% Effective duct length
-100% Effective duct length
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System Effect

The effect of the system
connections on the fan’s
performance.

— Accounted for by a
system effect factor

— Velocity dependent
— Connection configuration

dependent

* Relative to discharge
velocity profile

 Relative to distance

from fan
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S5in.w.c. at 0%
effective duct length

t F
OUTLET DUCT ELBOWS

20 in.w.c. at 0%
effective duct length

System effect assessed at
2,500 fpm and an outlet
area to blast area ratio
of 70%
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Performance Implications

Supply Fan - Greenheck 36-AFDW-41
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Performance Implications

Supply Fan - Greenheck 36-AFDW-41

Static pressure, in.w.c.
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Performance Implications

Supply Fan - Greenheck 36-AFDW-41
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Fan Energy is Directly Related to Flow
and Fan Static Pressure

 Flow rate — 25,000 cfm

. oressure burden — 0.25 in.w.c.

—12%

Ised @
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This Problem is Often Solved by Throwing
Energy at It

 Fan brake horsepower requirement is typically less
than the incremental motor horsepower supplied

* Motor service factor provides some margin for error
— For our example:

. horsepower at design is approximately
8 bhp

* Brake horsepower required if system effect is
accommodated is approximatefy_ 21 bhp

« Horsepower available fro 20 hp motor with
a service factor of 1.1540s 23 hp
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This Problem is Often Solved by Throwing
Energy at It

« For our example:
» Speed the fan up and everyone wins!
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This Problem is Often Solved by Throwing
Energy at It

* For our example:
« Speed the fan up and everyone wins!

(Except the planet)

We don’t inherit the world
from our ancestors;
We borrow it from our children

Unknown

Image Science and Analysis Laboratory, NASA-Johnson Space Center. "The Gateway to Astronaut Photography of Earth."
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This Problem is Often Solved by Throwing
Energy at It

* For our example:
« Speed the fan up and everyone wins!

(Except the planet)

We don’t inherit the world
from our ancestors;
We borrow it from our children

Unknown
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A Known Phenomenon

Carrier JSNE stem

design manual

AIR DISTRIBUTION
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A Known Phenomenon

SYSTEM DESIGN MANUAL

SUMMARY OF PART TWO

This part of the System Design Man
presents data and examples to guide fl
engineer in practical design and layout
air handling equipment, ductwork and
distribution components.

The text of this manual is offered as
general guide for the use of industry and
consulting engineers in designing  syster
Judgment is required for application to sp|
cific installations, and Carrier is not respoj
sible for any of the uses made of this te;

PART

AIR DISTRIBUTION

air handling apparatus

air duct design

© Carrier Corporation 1960
Seventh Printing 1966

Eighth Printing 1948

(510308)

i
-

16" NATIONAL CONFERENCE
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© Carrier Corporation 1960
Seventh Printing 1966
Eighth Printing 1968

(510308)

Price $2.00
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A Known Phenomenon

2-10 PART 2. AIR DISTRIBUTION
SINGLE INLET FAN SINGLE INLET FAN DOUBLE INLET FAN
A ~E NOTE3
1 Il
e fl
D
e
=8 La—nl | |
NOTES I+2
PLAN VIEW PLAN VIEW PLAN VIEW
~Ze t
|
2 i
e ‘
‘i i
E NOTE 3
ELEVATION VIEW ELEVATION VIEW ELEVATION VIEW (SECTION)

DIMENSIONS :
C=DIAMETER OF FAN INLET E = 45° MAXIMUM 30° PREFERRED
! .
—

INLET CONNECTIONS

BEST

TRANSFORMATION 1" IN 7" PREFERRED,
1" IN 4" PERMITTED NOTE 6& 7

DIMENSIONS

[ A=1£xB TO24xB

B= FAN DISCHARGE OPENING,
LARGEST DIMENSION

DISCHARGE CONNECTIONS

NOTES:
1. Fan should be centered in casing to provide good flow 5. Use square vaned elbow for best results, with take-off
conditions. in opposite direction to fan Totation.

2. All equipment should be centered for best performance. 6. Slope of 17 in 4” recommended for low velocity

? 3. Angle “E” is used to determine “F” distance between 7. Slope of 17 in 7” recommended for high velocity.
I equipment and fan.

| 4 R, = 6" minimum. Vane spacing determined from

Chart 6.

F1G. 6 — SINGLE FAN INLET AND D1sCHARGE CONNECTIONS
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A Known Phenomenon

2-10 PART 2. AIR DISTRIBUTION

SINGLE INLET FAN DOUBLE INLET FAN
‘
!
el |
| el |
- ==l
BEST GOOD GOOD FAIR
NOTE 4
TRANSFORMATION [ IN 7" PREFERRED, -
I" IN 4" PERMITTED NOTE 68& 7 = e ¥ I &y NOTE

i}
\/D
e
_\}9'
e

1
BT )

|2

DIMENSIONS : /‘ k=B

e [ g B
B | =

Az11xB TO 24 xB N sy

B = FAN DISCHARGE OPENING,
LARGEST DIMENSION

DISCHARGE CONNECTIONS

NOTES:

1. Fan should be centered in casing to provide good flow 5. Use square vaned elbow for best results, with take-off

conditions. in opposite direction to fan rotation.
2. All equipment should be centered for best performance. 6. Slope of 17 in 4” recommended for low velocity.

3. Angle “E” is used to determine “F” distance between 7. Slope of 1”7 in 7" recommended for high velocity.

equipment and fan.
4. R, = 6” minimum. Vane spacing determined from
Chart 6.

Fi16. 6 — SINGLE FAN INLET AND D1sSCHARGE CONNECTIONS
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=, ON BUILDING COMMISSIONING

4/24/2023

35



Current ASHRAE Handbooks and Fitting
Database

Duct Design 34.67

SR7-6 Fan Outlet, Centrifugal, SWSI, with Elbow (Position B)

C, Values o
L,
1 anes s
AJA, OO0 012 025 050 100 1000 l' s

04 380 32 220 100 000 000 Lo

05 290 20 160 067 000 000

06 2.00 1.60 1.20 0.53 0.00 0.00

07 140 10 067 03 000 000

08 100 080 053 02 000 000 curorr
09 080 06 047  O0M8 000 000 g commron

1.0 0.67 0.53 040 0.18 0.00 0.00

SR7-7 Fan Qutlet, Centrifugal, SWSI, with Elbow (Position C) )
C, Values
LiL, - S a4,
AvA, 000 012 025 050 100 1000 o uem ( ouner ane, 4,
2
04 5.50 4.50 320 1.60 0.00 0.00 AN f P
05 380 320 220 100 000 000 o
06 2% 250 160 080 000 000 e
07 200 160 100 053 000 000 et
08 140 1.20 080 033 0,00 0.00 bt
09 1.20 0.80 067 026 000 0.00
1.0 1.00 0.80 0.53 0.26 0.00 0.00 TSI CONTRIFUCAL FAN
SR7-8 Fan Outlet, Centrifugal, SWSI, with Elbow (Position D) e
C, Values P Bt anen, 4,
= [
AJA, 000 012 025 050 100 1000 AL waw
04 550 450 320 160 000 000 s
0.5 380 3.20 220 1.00 0.00 0.00
06 290 2.50 1.60 0.80 0.00 0.00 ot e
07 200 160 100 053 000 000
08 140 120 080 033 00 000
09 120 08 067 026 000 000 s coTRRUGAL A
10 100 030 053 026 000 000

1)
L, BLAST AREA, A,
AJA, 000 012 025 050 100 1000 R |' Pt
04 320 250 1.80 0.80 0.00 0.00 r —
0.5 220 1.80 1.20 053 0.00 0.00
0.6 1.60 1.40 0.80 040 0.00 0.00
0.7 1.00 0.30 0.53 0.26 0.00 0.00

CUTOFF

09 053 047 033 0.18 0.00 0.00

(TRIF i
10 053 047 033 018 000 o0gp R -
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Field Experience Indicates Some Room
for Improvement

Left image courtesy of
HPAC Editorial Advisory
Board Member Ron
Wilkinson
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Why Does This Matter?

/” PIER PROGRAM FINAL REPORT - Publication # 500-03-082 / CEC-500-2003-032 - Windows Internet Explorer -18] x|

T 4| % [Fireond rein who about 2B

e e e e .. Recent PIER (California’s Public

e ColoTie s A G Interest Energy Research program)
WW.ENERGY.CA.GOV / PIER / FINAL PROJECT REPORTS fo u n d th at:

Integrated Energy Systems: Productivity & Building

— For small commercial buildings

Publication Number: 500-03-082 (a.k.a. CEC-500-2003-082)
tober 2003

) = [E) o v seray.cagoipir el g

Public Interest Energy Research Program:
Final Report

Publication Date: Octob
ummary, abstract and table of contents for this report are available below. This publication — ft
be Acrobat Files. nload, read and print PDF ] ] . .
opy of the nfigured for your computer.
nt in Adobe 3

Science

(20 pages, 1.48 megabytes)

8 Attachment 4 - Summary of Daylighting in

* |Installed fan power exceeds
) Attachment 2 - Project Brochures - Integrated
Energy Systems: and Building
ARI assun |pti0| 1S
Schools: Reanalysis Report
(14 pages, 488 kilobytes)
.
O — Fan scheduling and control
Einal Report 5
(86 pages, 668 kilobytes)

e — Fan sizing and distribution
http://www.energy.ca.gov/pier/final_project_reports/500-03-082.htmi system issues

« Best practi lngs
potential= 10-15% oyer
current a

— Similar conclusion for large
commercial buildings

T 16" NATIONAL CONFERENCE
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Filter Operating Cost

Do You Know What T
you Need to Know for
Optimum Operation? 2
* First cost component :8)
— Decreases over time
— Non-linear Increasing Time ——

« Day 1 — Cost per day = Cost of filter set
« Day X — Cost per day = (Cost of filter set)/X Days
* Energy cost component
— Increases over time
— Non-linear
« Total cost component
— Decreases then increases over time
— Change filters at inflection point for best life cycle cost

__v-\'ﬁﬁ 16" NATIONAL CONFERENCE
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Do You Know What

you Need to Know fo
Optileum Operation?
 Measure/

« Measure air fl®
e (Calculate filter fa

based on a manuallf entered\\
cost and alarms pen you hit
the inflection p®int

1. 16" NATIONAL CONFERENCE
NCBC
<. ON BUILDING COMMISSIONING

Rnitor filter pressure drop

Filter Operating Cost

OQst per Day ——
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Why Does This Matter?

Filter Cost per Average Day - AHU C
Orginal Filters and Approach to Change-out

$100.00 -
$90.00 -
$80.00 ]
$70.00 -
$60.00- —e—Filter Cost

—=— Fan Energy
—— Total

Dollars

$50.00 -
$40.00 :
$30.00 :
$20.00 :

$10.00 A

0 12 24 36 48

L. 16" NATIONAL CONFERENCE Interval (1 interval = 4 WeekS)
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Why Does This Matter?

Filter Cost per Average Day - AHU C

Extended Surface Area Filters

$100.00 -
$90.004 ¢
$80.00 -

$70.00 -

$60.00 - _
i —o— Filter Cost

—=— Fan Energy
—— Total - Measured Trend

$50.00 -

Dollars

$40.00 A
$30.00 -
$20.00 -

$10.00 -

$0.00 -
0 12 24 36 48

/M. 16" NATIONAL CONFERENCE Interval (1 interval = 4 WeekS)
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Why Does This Matter?

$100.00 -
$90.00 :
$80.00 :
$70.00 :
$60.00 :

$50.00 -

Dollars

$40.00 A
$30.00 -
$20.00 -

$10.00 -

Filter Cost per Average Day - AHU C
Original Approach vs. New Approach

Savings Over a Two Year Cycle
Nominal 65,000 cfm AHU

Item Original
Filters $6,144
Energy $13,566
TOTAL $19,710
Waste (cu.yd.) 37.9

$0.00 -

ML 16" NATIONAL CONFERENCE
NCBC
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JELJNLJNL I B B B B N N N B B B B N N N B B R N NN NN NN NN NN NN B B N RN N R R NN NN NN NN NN NN A R N Em A ]

0 12 24 36 48
Interval (1 interval = 4 weeks)

Improved Savings
$4,704 $1,440
$6,186 $7,380

$10,890 $8,820

10.7 27.3 ‘

—— Total - New Approach
—e—Total - Original Approach

4/24/2023
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Construction Observation

L
Wall Plate

- ﬁs .
Because inspecting and servicing a combination fire

and smoke damper should not involve removing a wall.

16" NATIONAL CONFERENCE
NCBC
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An Architect, an Engineer, and a Commissioning

Provider Go to Inspect a Fire Damper ....

What the Architect sees:
— Properly rated shaft wall
— Properly framed partitions

— Celling heights look about
right based on the framing

ML 16" NATIONAL CONFERENCE
INCBC
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An Architect, an Engineer, and a Commissioning
Provider Go to Inspect a Fire Damper ....

What the Engineer sees:

— Fire damper properly
installed in the rated
partition

— Duct inspection access
provided

— Test/manual reset switch
provided

__ﬂﬁ 16" NATIONAL CONFERENCE
f{EEC ON BUILDING COMMISSIONING 4/24/2023

46



An Architect, an Engineer, and a Commissioning
Provider Go to Inspect a Fire Damper ....

What the Commissioning
Provider sees:

— Ceiling access framing that
is several feet from the duct
access

— 6" of clearance between the
top of the ceiling framing
and the bottom of the duct
access

— An 87 line blocking what little
access there is to the
test/manual reset switch

__ﬂﬁ 16" NATIONAL CONFERENCE
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Everyone Did Their Job

« The Design Professionals
verified compliance with
critical design requirements

« The Commissioning Provider
brought additional valuable
perspectives

— Integration

— QOperations and
maintenance

« Some of these things are not
apparent until you get into
construction

__,."T]\‘ 16" NATIONAL CONFERENCE
'«'E{E;EQ ON BUILDING COMMISSIONING 4/24/2023 48




Capturing Design Intent via Construction
Observation

N —. 8" EQUALIZER LINE @\ /.L
_ _ L il _ 4 _ _ = - 2 -
e T
A \ "\,r—j))‘,)}»})))))/) i
" ) NS
S desi| e = N
J _ _ a — —T— - — A _
LOCATE WATER FUTURE C
TREATMENT WATER F
SYSTEM IN SYSTEM
THIS AREA £ ! Fh AREA
(NOT SHOWN) ‘
1 & z A "
PN O fal i Y
—_ v 7
C! E > CwpP
1" MAKE-UP = 2
WATER PIPING TO A
/TR PLUMBING POINT—
OF—CONNECTION C " cws/R
\1/ [BOP+11'6" ABOVE ROOF]
EXHAUST FAN R N
| [T+7'=2" B+4'—8"]~ WITH EXTERNAL [T+7'-2" B+4'-8") el . /
STARTER FOR CEF—{- \ WEATHER HOOD BACKDRAFT DAMPER
24X24 OD EXHAUST RISER ;
RELIEF VENTS. L [
UITS PER CHILLER, WITH 1” AL N :
ARGE AT MINIMUM 4 / i o !
D ROOF SURFACE. \ _[r+5'-8 L
| p o Ly [ B+4'-27] o
=
_ i ‘
%" REFRIGERANT N :
8" CONCRETE
RELIEF VENTS S (SAD)_\ []
‘ [
T i
MEER _ . |
-t e : e~
‘ L I 'B" SYSTEM q ('):| [ccooc0oo0o
I — N J13== NEUTRAL DUCT
H N }AIR HANDLER 1 AR AR

XJ_ lﬂ:l = ——— 1 2 R
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As Installed
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Tee Detalls

T ELBOWS

Tee Orientation has a
significant impact on | EEee);
pressure drop 6.7
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Difference!
Image from the ASHRAE Handbook of Fundamentals
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PERCENTAGE OF WATER FLOWING THROUGH CIRCLED BRANCH

Notes: 1. The chart is based on straight tees, Le., branches A, B. and C are the
same size

2. Pressure loss in desired circuit is obtained by selecting proper curve accord-
ing 1o llustrations, determining the flow at the circled branch, and multiplying
the pressure loss for the same size elbow al the llow rate in the circled branch
by the equivalent elbows indicated

3 When the size of an outiel is reduced. the equivalent elbows shown in the
cnart da nat apply. Therelore, the maximum loss for any circuit for any How will
not exceed 2 elbow eguivalents at the maximum flow (gpm) occurring in any
branch of the lee

4. The top curve of chan 1s average of 4 curves, oné for each circuit shown
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As Designed =
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As Installed
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ptes 1. The chart is based on straight tees, Le., branches A, B. and C are the
me size
Pressure loss in desired circuit is obtained by selecting proper curve accora-

ing 10 ilustrations, determining the flow at the circled branch, and mulliplying
the prassure loss for the same size elbow al the liow rate in the Circled branch
by the equivalent elbows indicated
3 When the size of an outiel is reduced. the equivalent elbows shown in the
chart do not apply. Therelore, the maximum loss for any circuit for any flow will
not exceed 2 elbow eguvalents al the maximum flow (gpm) occurnng in any
branch of the 1ee
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4. The top curve of chan 1s average of 4 curves, oné for each circuit shown
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Another Situation Where Small Details
can Make A Big Difference

... but where?

. Pressure
@ measurement
= ¥ 7 capability

oD
¥ ¥ ’ required ...
juw V’ /’
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Another Situation Where Small Details

can Make A Big Difference

C1

Al
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D1 -
-C2
Bl -
- A2

G f\}\ Location
~ 7/ ;/‘

D2

B2

Pressure
Difference,
ft.w.c.

14.48
17.00
18.26
19.78

Flow Based on Differential Pressure

Flow Based on Pressure

Difference
gpm 7o
1,363 85%
1,600 100%
1,718 107%
1,862 116%
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Short Radius vs. Long Radius Elbows

SHEET M2t
i

e

* Number of elbows = 26 | —
 Difference in head for the

(B)30x20

circuit with long radius 6
versus short radius elbows B
— 3+ ft.w.c.
— 9+% difference in pump 7 i
head (A.K.A. the safety

factor)
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Bottom Lines

« Design phase is the ideal time to hit critical Cx targets
— Plan and set up the process
— Capture design intent
— Optimize efficiency
— Ensure access and other O&M considerations
« Unresolved design opportunities become field opportunities

« Getting it right on paper does not necessarily mean it
will be right in the field

_/WJP 16 NNNNNNNNNNNNNNNNNNNN e rs Ie n ce
I o suILDING commissionING I
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... and you’ll disCs 4 key source of innovation and
persistence!
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Integrated Design and Design Review

Resources

Energy Design Resources Design
Briefs

— Design Details
— Design Review
— Field Review

— Improving Mechanical
System Enerqgy Efficiency
Through Architect and
Engineer Coordination

esign briet

IMPROVING MECHANICAL SYSTEM ENERGY EFFICIENCY

THROUGH ARCHITECT AND ENGINEER COORDINATION

Summary

‘Technological advances and economic pressure [requently join
forces to reduce the design and construction time for building
projects. Narrowing the design window places intense pressure
on the design team to produce construction documents as
quickly as possible. As a result, other factors like life cycle cost,
distribution  efficiency, access, maintainability, and system
integration may not receive a thorough evaluation to provide
the best overall solution to the design problem.

Failing to take these factors into account during the early stages
of design can have long-term negative impacts on the eff

ncy
of a building and its systems. For example, a constricted
mechanical space will probably remain constricted for the life of
the building, compromising the efficiency and maintainability of
the machinery and eroding the building’'s operating budget for
years to come. Correcting such a problem subsequent to
construction may be an economic and practical impossibility,
while preventing it during early phases of design may have little
first cost implication and yield substantial ongoing benefits.

This design brief explores techniques that use the “fuzzy”
information available during schematic design as a foundation
for establishing a project’s design intent and making good long-
term mechanical and electrical systems decisions. Properly

applied, they allow the mechanical designer to:

m Suggest more efficient system alternatives with better life
cycle cost profiles for consideration.

m  Ensure that the architectural elements of the building are
configured to promote distribution system efficiency

m “Right size” building systems from the very start, improving
energy efficiency, as well as first cost.

®  Coordinate with other team members to capture the
additional savings that “ripple out” of these decisions

Tight design timelines can
compromise the design team’s
ability to consider factors like life
cycle cost, distribution efficiency,
access, maintainability, and

system integration.

Who Should Read This Brief 2
Introduction to Integrated Design 2

Early Design Planning,

Budgets and Efficiency 6
Get Things Right on Paper 7
Understand and Estimate

the Loads 8
Consider Psychrometrics 13
Understand the Architectural

and Owner Requirements 14

Develop a System Configuration
to Handle to Load

Make Preliminary

Equipment Selections 18
Identify Energy Efficiency
Opportunities 24
Evaluate the System’s

Utility Requirements 26
Evaluate System's Physical

Space Requirements 29
Assess Constructability

and Sequencing 34

Develop a System Operating
Narrative and Points List 34
Identify Areas Where Detailing

Will Be Important 37

Develop or Reassess Budgets 39
Conclusion 42
Notes and References 43

Free Downloads from www.energydesianresources.com

NCBC
-
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Small Commercial HVAC Design
Guideline

» Good design paves the way for
successful Cx

* Design review is an essential
component of Cx

» Topics include
— Integrated design
— Unit sizing
— Unit selection
— Distribution systems
¥ . — Ventilation
_— e — Thermostats and controls
5 — Commissioning
— Operations and maintenance

AAAAAAAAAAAAAAAA

Small HVAC System Design Guide

DESIGN GUIDELINES

;mﬁ 16" NATIONAL CONFERENCE
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Advanced VAV Design Guideline

» Good design paves the way for

e I successful Cx
Advanced Variable Air Volume * Design review is an essential
System Design Guide
component of Cx
SRR = » Topics include
FREHEE 2 ign i
B = — Early design issues
s ) .:l.::: a .
. ) & — Zone issues
¥ S =z [
‘ 2 — VAV box selection
1 0o .
— Duct design
— Supply air temperature
control

— Fan size, type and control
— Colls and filters

— OA, RA, relief and exhaust
control

f‘rﬂl\ 16" NATIONAL CONFERENCE
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Take Advantage of Free Trade
Publications

— Consulting Specifying
Engineer
www.csemag.com

— Heating, Piping, and Air
Conditioning

www.hpac.com
— Engineered Systems
www.esmagazine.com
— Electrical Apparatus

http://www.barks.com/index.
htm

— NETA World
http://www.netaworld.org/
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The Functional Testing Guide Checklist
Tool

ﬂ: Functional Testing and Design Guides - Windows Internet Explorer = 5‘|5|
@C' - I& hitp: ¢ fvwv. peci. org/ftguide/ j "‘7| ‘il IUnlvelsaI Translator PEC |P '|

JLmks L) Aaroh | Airines [ airplanes  |) Altemative Energy | ) Appliances  |) Aquariums ) At Stuff | ) Astronomy | 7) ATT Broadhand | ) Autodesk | ) Automotive ”J
J File Edit Wiew Favortes Taool: Help

i:? e s3] - mﬁky&Te\escope\nt...

J@' (e v corPage v (0 Tools - i

% ADDS - Prog Chats | &) Mational Weather Se... | € Facilty Dynamics cse ConsullingSpecifin... | € SkyandTelescope.c... | @ Functional Testin. X

Functional Testing and Design Guides
] ] ] L ] L ] L ] L ] L ] L ] L ] L ] L ] L ]

FTG Home About the Guides Acknowledgements Disclaimer

Functional Testing Guide: Fundamentals to the Field

The Functional Testing Guide (FTG) is a practical tool for designers and commissioning providers to help ensure efficiency and performance. Find test guidance and sample
tests for air handlers, chillers, boilers, condensers, and pumping systems, as well as advice on how to achieve integrated operation. The FTG supports these publicly available
tests with practical advice on acceptance criteria and common problems.

® view online

Functional Testing Guide: Checklist Tool and Test Directory

o Streamlines access to information in the Functional Testing Guide (FTG). The Checklist Tool provides an abbreviated list of test goals and cautions for 17 various systems and
system components covered in the FTG and provides links to relevant sections of the FTG. The Test Directory provides quick access to 95 publicly-available prefunctional
o checklists, functional test procedures, and test guidance documents.
o
o
Design Guide
b E ¥ Control System Design Guide

Provides methods and recommendations for the control system design process and control point selection and installation. The Control System Design Guide also provides a
toolbox of templates for improving control system design and specification.

® view online

Page last updated: September 12, 2006

| DT T & memet [ w002 -

The Functional Testing and Design Guide; www.peci.org/ftquide
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EDR’s Design Review Checklist Tool

..
,l.
EnergyDesignResources.Com http://resources.cacx.org/library/,
Search for Design Review Tool
Cx Assistant™

Design Review Tool Module
Master Reference Guide

Developed by
Portland Energy Conservation, Inc.

Under contract to
Pacific Gas and Electric Company

March 2007
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The Commissioning Assistant

S EDR > Online Toels - Microsoft Intarnet Explorar =18 x|

File  Edit Wiew Favorites Took  Help ‘ i*

sk ~ ) - (%] 2] 0 ‘ ) search ¢ Favorifes (@A) dhadia @}‘ W D E AP

. "
Address [€] htp: fww energyesignresources.com/ resource! 176/ <] e ||Liks 7 ° D V I I n I n t n t
Google~ | ]| [C search = | 5 FeatRank 152 blocked | 4 check ~ < Aufolink v | Auicril [ Optiens H & -
ABOUT US y EDR | SEARCH 0

=

BY TOPIC | BY BUILDING TYPE | BY RESOURCE
?‘:.} enargydESignras.nurces | B n °
i e valuate probable
Online Tools: Cx Asst.
. . "
oy oo commissioning cost
designed to pro ildin ning information ta

mmmmm pi q
to acc mmissioning specifications related to their

S » |dentify an appropriate

S commissioning scope

* Access sample
commissioning
specifications

& [0 [ [ intemet
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Watch for Web Based Training
Opportunities

4/24/2023 66



Want To Learn More?

- | Make use of publicly available
resources:

] — The DOE/AMCA
Lr:r"’ rsc;,‘;'t';?n sourcebook Improving Fan
Performance System Performance can be
a sourcebook for industry downlo a de d at
http://industrial-
energy.lbl.gov/node/297

Neeoove e 2 opoa
H - HORSEPOWER

° 0
llllllllllll

EEEEEE

i 16" NATIONAL CONFERENCE
E\EEC ON BUILDING COMMISSIONING 4/24/2023 67




Motor Selection and Comparison Tool

Fielddata  Li

ings Tracker Options  He

Company

Utilities

Facilities

Departments

Processes
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k Life Cycle

Batch
2 Analysis

Savings
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Billing
Production
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Compare motor purchase and
replacement options

www.eere.enerqy.gov/industry/
bestpractices/software.html

4/24/2023
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Vendor Tools Provide Field Insights

JRLIE

L] -
Ig‘ e 2 ‘E‘ ‘El IG'W’WGK - = D e S I n a n d O e ratl O n S :
cAfee VirusSean | Links | Aaron ) Airlines | airplanes ) Alternative Energy Aquariums ) Art Stuff | Astronomy () ATT Broadband |7 Autodesk > b
~ | rBage = i Taoks v ¥
= S .d dIII t d. t.

o EEl ~| & Photoshop 7 rashes - Mess | @ caps - Greenheck Fan .. X | |

EW | FIND MY REP EMPLOYMENT | CONTACT US

APPLICATION INFO

[ 5] GREENHECK "

PRODUCTS QUICK DELVERY SOFTWARE CAD DI
Building Value in Air

<cHome

CAPS - COMPUTER AIDED PRODUCT SELECTION PROGRAM

advanced search

CAPS

Greenheck's Computer Aided Product

Selection Program (CAPS) is more

than just a computerized selection Product Selection
program. It includes product =

descriptions, application information, o %
dimensional drawings, detailed product 5 E 4 ’5
performance for all products and CAD % a 'ﬁw Tl
drawings for many products.

CAPS provides complete menu driven

support or Greenheck's fans and ventilators, centriiugal and vane axial fans,

energy recovery ventilators, make-up air units. kitchen ventilation systems.
dampers, and louvers

New CAPS Requests

If this is your FIRST REQUEST for CAPS, click here to order Greenheck's
Computer Aided Product Selection Program (CAPS).

Current CAPS Users Only

If you received a postcard in the mail to download £ .
CAPS 3.1, click here to download CAPS 3.1 F
Engineering release.

FAQs

Click here for CAPS Frequently Asked Questions

Greenheck = PO Box 410 = Schofield, WI 54476 = 715 359 6171

©2006 Greenheck Fan Corporation

|
Dore CT T T [ @mens ETL A
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Use PSIMT to Assess Pump Head

Pump Systems Matter

G-\‘:_? ~ [] http:/ /s pumpsystemsmatter.rg/content _detailaspx7id=110

| Ble 7| [Juetes Vinssean v |Links | Aaron | Airlines

Alternative Energy

Appliances

Aquariums

Astronony

Aviation

W 2 pump Systems Matter

Energy | Efficiency | Economics

Publications

About Us

Education/ Tools

Hydraulic Institrte

e-Leaming

eStore

IMPROVED PERFORMANCE

LOWER LIFE CYCLE COSTS

Energy Savings

Home > Education and Tools > Tools > PSIM Software

Education and Tools

Getting Started
PSIM Software
Downladabe Tools.
Case Stoks Pump System Improvement Modeling Tool™ (PSIM) is a FREE educational tool focused on helping you
- better understand the hydralic behavior of pumping Systems. With the challenges of today's marketplace, your
Energy Links fluid handling systems must be both cost effective and energy efficient. It is essential that users evaluate the
- total pump system in their design.
SR e Using t solution algorithms and an intuitive drag-and-drop interface, PSIM makes it easy to
Events calculate the pressure drop and flow distribution in both straight-path and simple branching or lsoped pumping
Reauest Information
PSIM calculates pump energy usage and energy cost over time using Net Present Value concepts.
Search

PSIM creates Pump vs. System curves, a powerful tool to help engineers better understand the intricacies of
.

o
L7ttt oty ngoron gtons oo
@8 &> 80 v ¢

PSIM capabilities include:

System hydraulic

m

Centrifugal & Positive
Displacement pumps
Pump efficiency and BEP
evaluation

Variable speed pumps
Flow & pressure control

|20

alues
Impeller trimming

3
3
2
3
3
<

» NPSH calculations

I EESEE

UL

Web-based PSIM training will
be available in the 1st
quarter of 2007.

© SR (AR ARV T SO | [Py ™ 6 86

Download your FREE copy of the PSIM software . You will be notified of future training cpportunities when
available. Please provide your complete contact information.

Download the PSIM brochure

_ﬂcm

SN
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€0 Intemet

[+ 100%

>4

This tool is a free
download at the Pump

Systems Matter website
at:

www.pumpsystemsmatter.orq
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Another Free Pump Performance
Resource

Industrial Technologies Programs I (=

Improving ‘
Pumping System
Performani .

A Sourcebook for: Inaﬁm

Second) Edition

s

& e,\ U.S. Department of Energy
(‘% ' Energy Efficiency
%%/ and Renewable Energy

Bringing you pspe us future
is clean, abundant, reliable, i dﬁrdt
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