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Controls Engineering Guide

ENERGY SAVINGS PROJECYTION FORM

Project Name: Sample 6-foot Fume Hood with Good Sash Usage Discipline Date:

s

Rep Name: SAMPLE CALCULATIONS

This energy savings projection form is a tool for calculating the energy cost
comparisons of Constant Volurne Hoods, Variable Volume Hoods and Variable Volume
Hoods with an Automatic Sash Closure System to determine potenbial cost savings.
Note: For calculation purposes it is infefred airflow control for the laboratory emulates
fume hood airfiow control (Variable Volume vs. Constant Volumne)

Five Step Savings Projection:

Step #1: Determining the expected average operator usage of the furne hoods in
the laboratory facity.
Step #2: Determine the Energy Costs associated with a Constant Volume Hood System.
Step #3: Determine the Energy Costs associated with a Variable Volume Hood System.
Step #4: Determine the Energy Costs associated with a Variable Volume Hood System
with an Automatic Sash Closure System.
Step #5: Compare the calculated energy costs of each system.

Step #1 Determining the expected average operator usage of the fume hoods._in the laboratory facility.

T Hours of Hood Use each Flow State perWeek
Sash Percentage Person Person. Total Hours
Position of Flow at Hood not at Hood Usage
Full Open 1 i 1
Partiai Open 4 30 34
Closed 0 133 433
Total Hours >>>>»an> 5 183 168 -
Sash Percentage off
Position Time
Full Open 1%
Partial Open 20%!
Closed 79%
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ENERGY SAVINGS PROJECTION FORM

Project Name: Sample 6-foot Fume Hood with Good Sash Usage Discipline Date: 2-0ct-95

Rep Name; SAMPLE CALCULATIONS

Step#2 Determine The Energy Costs assoclated with a Constant Volume Hood System

Section #1 Collect the dafa fisted below for the specific area, facility and system, and insert where indicated
Facility Electrical Cost per Kiowatt-hour $ VA" Required Hood Exhaust Volume

Facility Average Heating Cost per MBTU § & Heating Degree Days (from ASHRAE)

Facility Average @oiim Cost per MBTU Hood Exhaust Fan Motor Efficiency

Required Cooling MBTU's for selected Horsepower of Hood Exhaust Fan

Hood Volume or portion of total if manifolded system

Section #2 This Section Calculates Heating Costs associated with sefected Hood Volume
$ 7.50 X 5588 X 1250 X 168 X 0.154 /1,000,000= § 4,355
Heating Cost Degree Days Hood Volume Total Hours Constant Annual
(from Section #1)  (from Section #1) (from Section#1)  Weekly Use Hezting Cost
- {from Part #1)
Section #3 " This Section Calculates Cooling Costs associated with sejecied Hood Volume
3.3 X 1250 X 4068 X $ 730 /! 1000 = $ 1247 . ,
Converted weekly Hood Volume Required cooling  Cooling Cost Annual’
operating time (from Section #1) MBTU {from Section #1) Cooling Cost
: (from Section #1)
Section #4 " This Section Calculates Fan Energy Casts (2ssume identical horsepower for make-up air fan requirements)
8760 X $ 010 X 1 X 0.745 I 0.85 = $ 768
Annual Electrical Exhaust Fan kw to hp Motor Annual Exhaust
Run Hours Cost Horsepower constant Efficiency Fan Electrical Cost
(from Section #1) {from Section #1) (from Section #1)
8760 X $ 010 X 1 X 0748 { 0.85 = $ 769
Annual Electrical Make-up Fan kwto hp Motor Annual Make-up
Run Hours Cost Horsepower constant Efficiency Fan Elecirical Cost
{from Section #1) (from Section #1)
Section #5 This Section Calculztes the Total Annual Operating Cosfs associated with the Hood Mode!
$1,355 + $ 1,247 + $ 769 + $ 769 = $ 4,140
Annual Annual Annual Exhaust  Annual Make-up Total Annual
Heating Cost Cooling Cost Fan Electrical Cost Fan Electrical Cost Operating Cost
Section #6 This Section Calculates the Annual Cost per CFM ~
% 4,140 ! 1250 = $ 3.3
‘Total Annual "Hood Volume “Annual Cost
Operating Cost from Seclion #1 per CFM
{frorn Section #5)
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ENERGY SAVINGS PROJECTION FORM

A

Project Name:  Sample 6-foot Fume Hood with Gdod Sa

Rep Name: SAMPLE CALCULATIONS ¢

Laboratory and Fume Hood
Controls Engineering Guide

2-Oct-95

Step#3 Determine the Energy Costs associated with a Variable Volume Hood System.

Section #1 Determine Total Hood Volume for each of the previously defined Sash Operating Positions
Operating Position Percent of Total Volume Flow Maximurn Volume Flow VAV Flow
Full Open 100% X 1250 CFM = 1250 CFM
(from part #1) (from part #2 Section#1)
Partial Open 66% X 1250 CFM = 825 CFM
{from part #1) (from part #2 Section #1)
Closed 20% X 1250 CFM = 250 CFM
(from pari #1) (from part #2 Section #1)
Section #2 Determine the Average Flow Rate spread on a weekly basis
Operating Position Percent of Time VAV Flow Average Flow
Full Open 1% X 1250 CFM = 7 CFM
{from part #1) (from Section #1 above)
Partial Open 20% X ) 825 CFM = 167 CFM
{from part #1) . {from Section #1 above)
Closed 7% X 250 CFM = 498 CFM
{from part #1) {frorm Section #1 above)
Total Average Volume Flow Rate for this Hood 372 CFM
Section #3 Determine the peroenfage of the Average VAV Fiow to CAV Flow
372 CFM ! 1250 CFMi = 30% CFM
. Average VAV Volume CAV Volume Percent of VAV
(from Section #2 above) {from part #2 Section #1) to CAV
Section #4 Determine Annual VAV Hood Energy Costs
$ 1,355 X 30% = $ 404
Annuai CAV Percent of VAV Annual VAV
Heating Cost to CAV Heating Cost
(from part #2 Section #2) (from Section #3 above)
$ 1,247 X 30% = $ 32
Annual CAV Percent of VAV Annual VAV
Cocling Cost to CAV Cooling Cost
({frorn part #2 Section #3) (from Section #3 above)

10285

continued next page

Page 3



AUTO-FLOW. &5y

ENERGY SAVINGS PROJECTION FORM

Project Name: Sample 6-foot Fume Hood with Good Sash Usage Discipline , Date; 2-0c4-85
Rep Name: SAMPLE CALCULATIONS
Step#4continved ~ Determine Fan Electrical Energy Costs
Operating Position Percent of Total Volume Flow . Percent of Time Average Fan
: Volume factor
Fuli Open 100% X 1% = - 0.0060
{from part#1} {from part #1) Full Volume
Partial Open 66% X 20% = 0.1336
{from part #1) (from part #1) Partial Volume
Closed 20% X 79% = 0.1583
(from part #1) (from pari #1) Minimum Veolume
Total VAV Fan Volume Factor 0.2979
(s 769 + $ 768 ) X 0.29786 = $ 45800
Annual CAV Annual CAV VAV Fan Annual VAV
" Exhaust Fan Cost Supply Fan Cost Factor Hood Fan Cost
(from Part #2 Section#4) (from Part #2 Section#4) ({from above) )
Calculate to Total VAV Hood Annual Operafing Cost .
$ 404 + § 372 + § 458 = $ 1,233.20
Annual VAV Annual VAV Annual VAV Annual VAV Hood
Heating Cost Cooling Cost Hood Fan Cost Operating Cost
{from this section {from this section) (from this settion)
previous page) - previous page)
Section #5 Determine the Cost Differential of VAV Hood System vs. CAV Hood System
$ 4,140 - $1,233 = $ 2,807.05
Total Annua! CAV  Total Annual VAV Annual Savings
Operating Cost_ Operating Cost VAV vs. CAV
(from part #2 (from above) Hood System
Section #5})
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AUTO-FLOW.

Froject Name:

Rep Name: SAMPLE CALCULATIONS

Sample 6-foot Fume Hood with Good Sash Usage Discipline

Leboratory and Fume Hoog
Corttrols Engineering Guide

Date: 2-Oct-95

Step#4 Determining the Energy Costs associated with a VAV Hood with Automatic Sash Closure

Section #1 Determine Hood Use
i Hours of Hood Use each Flow State per Week :
h Percentage Operator Operator Total Hours
Position of Flow Present Absent use per
at Hood from Hood flow state
Full Open 1 1 0 1
Partial Open 0.66 4 30 34
FC!osed 02 0 133 133
Total Hours »>>>>>> 5 163 168
Sash Percentage of
_Position Time
Full Open 1% Adjusted Hours with Sash Automnatically 1
Closing when Operator is Absent from Hood
Partial Open 2% 4
Closed A% 163
Section #2 Determine Total Hood Volume for each of the previously defined Sash Cperating Positions
Operating Position Percent of Total Volume Flow Maximum Volume Flow VAV Flow
Full Open 100% X 1250 CFM = 1250 CFM
{from Section #1) (from part #2 Section #1)
Partial Open 66% X . 1250 CFM = 825 CFM
{from Section #1) {from part #2 Section #1)
Closed 20% X 1250 CFM = 250 CFM
{from Section #1) . {from part #2 Section #1)
Section #3 Determine the Average Flow Rate spread on a weekly basfs ‘ :
Operating Position Percent of Time VAV Flow Average Flow
Full Open 1% X 1250 CFM = 7 CFM
(from Section #1) (from Section #2 above)
Pariial Open 2% X 825 CFM = 20 CFM
{from Section #1) (from Section #2 above)
Closed 7% X 250 CFM = 243 CFM
(from Section #1) {from Section #2 above)
Total Average Volume Flow Rate for this Hoed 270 CFM
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Laboratory and Fume Hood
UTO-FLOW. e s Sty
ENERGY SAVINGS PROJECTION FORM
Project Name: Sample 6-foot Fume Hood with Good Sash Usage Discipline Date: 2-Oct-85
Rep Name: SAMPLE CALCULATIONS
Step #4 continued
Section #4 Determine the percentage of the Average VAV Flow to CAV Fiow
270 CFM ! 1250 CFM = 22% CFM
Averzage VAV Volume CAV Volume Percent of VAV
{from Section #3 ebove) (from part #2 Section #1) to CAV
Section #5 Determine Annual VAV Hood Energy Costs
$ 1,355 X 2% = $ 282
Annual CAV Percent of VAV Annual VAV
Heating Cost to CAV Heating Cost
(from part #2 Section #2) (from Section #4 above)
$ 1,247 X 22% = $ 269
Annual CAV Percent of VAV Annual VAY
Cooling Cost to CAV Cooling Cost
{from part #2 Section #3) (from Section #4 above)
Determirie Fan Electrical Energy Costs .
Operating Pesition Percent of Total Volumne Fiow Percent of Time Average Fan
Volume factor
Full Open 100% X 1% = 0.0060
) (fromn Section #1) {from Section#1) Fuli Volume
Partial Open . 66% X 2% = 0.0157
(from Section #1) {from Section #1) Partial Yolume
Closed 20% X 97% = 0.1340
(from Section #1) ({from Section #1) Minimum Volume
Total VAV Fan Volume Faclor 02157
(s 769 +. $ 760 ) X 0.2157 = $ 332
Annua! CAV Annual CAV VAV Fan Annual VAV
Exhaust Fan Cost Supply Fan Cost Factor Hood Fan Cost
{from Part #2 Section #4) (from Part #2 Section #4) (from above)
Calculate to Total VAV Hood with Sash Closure Annual Operating Cost
$ 292 + $ 2689 + $ 332 = $ 89311
Annual VAV Annual VAV Annual VAV Annual VAV Hood
Heating Cost Cooling Cost Heod Fan Cost with Sash Closure
{from this section) {from this section) (from this section) Operating Cost
continued next page
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ENERGY SAVINGS PROJECTION FORM.

Project Name; Sample 6-foot Fume Hood with Good Sash Usage Discipline Date: 2-0ct-95
Rep Name: SAMPLE CALCULATIONS
Section #5 Determine the Cost Differentiaf of VAV Hood System vs. CAY Hood System

$4te0 - s 8w = 8 _3ur

Total Annual CAV  Total Annual VAV Annual Savings
Operating Cost Operating Cost VAV vs. CAV
(from part #2 {from Section #4 Hood System
Section #5) previous page)

Page 7
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Controls Engineering Gu‘pt
ENERGY SAVINGS PROJECTION FORM - »

Project Name: Sampie 6-foot Fume Hood with Good Sash Usage Discipline

Date: 2-0c¢t-95

Rep Name: SAMPLE CALCULATIONS

Step#5 Summary of Oﬁerating Parameters & ﬁergy Costs

SYSTEM DATA

JFacility Eleciricat Cost per Kilowatt-hour $ 010 Required Hood Exhaust Volume 1250
Facility Average Heating Cost per MBTU $ 7.50 Heating Degree Days (from ASHRAE) 5588
Facility Average Cooling Cost per METU $ 7.30 Hood Exhaust Fan Motor Efficiency 0.85
Required Cooling .MBTU's for selected 40.68 Horsepower of Hood Exhaust Fan 1
Hood Volume or portion of total if manifolded system

CAV & VAV SASH OPERATION PARAMETERS

Hours of Hood Use each Flow State per Week
Sash Percentage Person Person Total Hours
Position of Flow at Hood not at Hood usage
Full Open 100% 1 ) 1 ) -
Partial Open 66% -4 a0 34
Closed _ 20% 0 133 7 133
Tofal Hours >5>>>% 5 163 168

VAV WITH AUTOMATIC SASH CLOSURE SASH OPERATION PARAMETERS

Hours of Hood Use each Flow State per Week
Sash Percentage Person Person Total Hours
Position of Flow ) at Hood not at Hood _ usage
ull Open 100% 1 0 1
Partial Open 66% 4 30 34
Closed 20% 0 133 133
Total Hours »>>5>> 5 183 168

continued next page .
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ENERGY SAVINGS PROJECTION FORM

Project Name: Sample 6-foot Fume Hood with Good Sash Usage Discipline Date: 2-0ct-95
Rep Name: SAMPLE CALCULATIONS
Step #5 continued
Sash Percentage of
Position Time
§Full Open 1% Adjusted Hours with Sash Automatically 1
Closing when Operator is Absent from Hood
Partial Open 2% 4
Closed 97% ' 163
Savings
Hood Type Annual Cost VAV vs. CAV ’ $ 2907
of Operation
VAV wf Closure vs. CAY $ 3,247
CAvV $ 4140 )

VAV w! Closure vs. VAV

;

VAV $ 1,233

VAV w/Closure $ 893

- 0285 _ Page 9
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PROJECTED ANNUAL SAVINGS COMPARISON FOR MULTIPLE HOOD PROJECTS
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ENERGY SAVINGS PROJECTION FORM

Project Name: Sample 6-foot Fume Hood with Average Sash Usage Discipiine Date:

Rep Name: SAMPLE CALCULATIONS

This energy savings projection form is a too! for calculating the energy cost
comparisons of Constant Volumne Hoods, Variable Volume Hoods and Variable Volume
Hoods with an Automatic Sash Closure System to determine potential cost savings.
Note: For calculation purposes it is inferred airfiow control for the taboratory emulates
fume hood airfiow control (Variable Volume vs. Constant Volume)

Five Step Savings Projection:

Step #1: Determining the expected average operator usage of the fume hoods in
the laboratory facility.
Step #2: Determine the Energy Costs associated with a Constant Volume Hood System.
Step #3: Determine the Energy Costs associated with a Variable Volume Hood System.
Step#4: Determine the Energy Costs associated with a Variable Volume Hood System
with an Automatic Sash Closure System.
Step #5:  Compare the calculated energy costs of each systern.

Step# Determining the expected average operator usage of the fume hoods in the laboratory facility.

Hours of Hood Use each Flow State per Week
Sash Percentage Person Person Total Hours
Position of Flow at Hood not at Hood Usage
Full Open 1 2 3
Partiai Open 5 37 42
Closed S 20% 0 123 123
Total Hours >>>>5bdb 6 162 168
Sash Percentage of||
Position Time
Full Open 2%
Partial Open 25%)
Closed 73%

10/2/95



ENERGY SAVINGS PROJECTION FORM

AUTO-FLOW. ﬂ?ﬁw&‘

Project Name: Sample 6-foot Fume Hood with Average Sash Usage Discipline Date: 2-0ct-95

Rep Name: SAMPLE CALCULATIONS

* -
Step#2 Determine The Energy Costs associated with a Constant Volume Hood System

Section #1 Collect the data fisted below for the specific area, facilify and system, and insert where mcﬁwted

Facility Electrical Cost per Kilowatt-hour $.2040° Required Hood Exhaust Volume

TN i

Facility Average Heating Cost per MBTU Heating Degree Days (from ASHRAE)

Facility Average Cooling Cost per METU Hood Exhaust Fan Motor Efficiency

Required Cooling MBTU's for selected

Horsepower of Hood Exhaust Fan
Hood Volume

or portion of total if manifolded system

Seclion#2 - This Section Calculates Heating Costs associated with selected Hood Volume

$ 750 X 5588 X 1250 X 168 X 0.154 £1,000,000= § 1,355

Heating Cost Degree Days Hood Volurmme Total Hours Constant Annuai

(from Section#1)  (from Section #1) {from Section#1) Weekly Use Heating Cost
' {from Part £1)

Section #3 This Section Calculates Cooling Costs associated with selected Hood Volume ]

3.36 X 1250 X 40.68 X $ 730 ! 1000 = $ 1,247 .
Converted weekly Hood Volume Required cooling  Cooling Cost Annual ’
operating time (from Section #1) MBTU (frorn Section #1) ' Cooling Cost

{ﬁgm Section #1)
Section #4 This Section Calculafes Fan Energy Costs (assume identical horsepower for make-up air fan requirements) .
8760 X $ 010 X 1 X 0.746 ! 0.85 = ' § 769
Annual Electrical Exhaust Fan - kw to hp Motor Annual Exhaust
Run Hours Cost Horsepower constant Efficiency Fan Electrical Cost
{from Section #1) (from Section #1) (from Section #1)
<8760 X § 0.0 X 1 X - o748 ! 0.85 = $ 769
Annuat Eiectrical Make-up Fan kw to hp Motor “Annual Make-up
Run Hours Cost Horsepower constant Efficiency Fan Electrical Cost
(from Section #1) {from Section #1)
Section #5 This Section Calculates the Total Annual Operating Costs associated with the Hood Model
$1,355 + $ 1247 + $ 769 + $ 769 = $ 4,140
Annual Annual Annual Exhaust Annual Make-up Total Annuat
Heating Cost Cooling Cost Fan Electrica! Cost Fan Electrical Cost Operating Cost
Section #6 " This Section Calculates the Annual Cost per CFM
$ 4,140 ! 1250 = $ a3
Total Annual Heod Volume Annual Cost
Operating Cost from Section #1 per CFM
{from Section #5)




Laboratory and Fione Hood
AUTO-FLOW. Conses Enghsein G
ENERGY SAVINGS PROJECTION FORM | |
Project Name: ~ Sample 6-foot Fume Hood with Average Sash Usage Discipline Date: 2-061-95
Rep Name: SAMPLE CALCULATIONS

Step#3 Determine the Energy Costs associated with a Variable Volume Hood System.

Secfion #1 Determine Total Hood Volume for each of the previously defined Sash Operating Positions
Operating Position Percent of Total Volume Flow Maximum Volume Fiow VAV Flow
Full Open 100% X 1250 CFM = 1250 CFM
(from part #1) (from part #2 Section #1)
Partial Open 80% b4 1250 CFM = 1000 CFM
(from part #1) {from part #2 Section #1)
Closed 20% X 1250 CFM = 250 CFM
{from part #1) (from part #2 Section #1)
Section #2 Determine the Average Flow Rate spread on a weekly basis
Cperating Position Percent of Time VAV Flow Average Flow
Full Open 2% X 1250CFM = 22 CFM
(from part #1) (from Section #1 above)
Partial Open 25% ) 4 1000 CFM = 250 CFM
{from part #1) (from Section #1 above) ’
Closed 73% X 250 CFM = 183 CFM
(from part #1) (from Section #1 above)
Total Average Volume Flow Rate for this Hood 455 CFm
Section #3 Determine the percentage of the Average VAY Flow to CAV Flaw
455 CFM / 1250 CFM = 36% CFM
Average VAV Volume CAV Volume Percent of VAV
{from Section #2 above) (from part #2 Section #1) to CAV
Section #4 Determine Annual VAV Hood Energy Costs
S 138 X . B% = $ 494
Annual CAV Percent of VAV Annual VAV
Heating Cost to CAV Heating Cost
(from part #2 Section £2) {from Section #3 above)
$ 1,247 X 3B% = $ 454
Annual CAV Percent of VAV Annual VAV
Cooling Cost to CAV Coofing Cost
{from part #2 Section #3) {from Section #3 above)
confinued next page
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AUTO-FLOW. it ieting

ENERGY SAVINGS PROJECTION FORM . .
Project Name: Sample 6-foot Fume Hood with Average Sash Usage Discipline Date: 2-Dct-B5
Rep Name: SAMPLE CALCULATIONS
Step #4 continued Determine Fan Electrical Energy Costs
Operating Position Percent of Total Volume Flow Percent of Time Average Fan
Volume factor
Fult Open 100% X 2% = 0.0179
{from part #1) (from part#1) Full Volume
Partial Open 80% X 25% = 0.2000
(from part #1) {from part #1) Partial Volume
Closed 20% X 73% = 0.1464
{from part#1) {from part #1) Minimum Volume
| Total VAV Fan Volume Factor 0.3643
{ & 763 + $ 789 ) X 0.36429 = $ 560.14
Annual CAV Annual CAV VAV Fan Annual VAV
Exhayst Fan Cost - Supply Fan Cost Factor Hood Fan Cost
(from Part #2 Section #4) (from Part #2 Section #4) {from above)
Calculate to Total VAV Hood Annual Operating Cost ' .
§ 494 + $ 454 + $ 560 = $ 1,508.24
Annual VAV Annual VAV Annual VAV Annual VAV Hood
Heating Cost Cooling Cost Hood Fan Cost Operating Cost
{from this section {from this section) (from this section)
previous page) previous page)
Section #5 - " Determine the Cost Differential of VAV Hood Systern vs. CAV Hood System
$ 4,140 - $ 1,508 = $ 2,632.02
Total Annual CAV  Tofal Annuat VAV Annual Savings
Operating Cost Operating Cost VAV vs, CAV
(from part #2 {from above) Hood System
Section #3)
o ARG - Page 4




AUTO-FLOW.

ENERGY SAVINGS PROJECTION FORM

Project Name; Sample 6-foot Fume Hood with Average Sash Usage Discipline

Rep Name: SAMPLE CALCULATIONS

Laboratory and Fume Emd
Controls Engineering Guide

Date: 2-Oct-95

Step #4 Determining the Energy Costs associated with a VAV Hood with Automatic Sash Closure

Section #1 Determine Hood Use

Hours of Hood Use each Flow State per Week
Sash Percentage

Operator Operator
Position of Flow Present Absent
at Hood from Hood
Full Open 1 1 2
Partial Open 0.8 5 37
Closed 0.2 0 123
Total Hours >>>>>> 6 162

Total Hours
use per
flow state

3

42

123

168

Sash Percentage of|
Position Time
Full Open 1%

Adjusted Hours with Sash Automatically

Closing when Operator is Absent from Hood

Partiai Open 3% 5
Closed 96% 162
Section #2 Determine Total Hood Volume for each of the previously defined Sash Operating Positions
Operating Position Percent of Total Volume Flow Maximum Volume Fiow VAV Flow
Full Open 100% X 1250 CFM 41250 CFM
(from Section #1) {from part #2 Section #1)
Partial Open 80% 1250 CFM = 1000 CFM
(from Section #1) {from part #2 Section #1) -
Closed 20% X 1250 CFM = 250 CFM
{from Section #1) ({from part #2 Section #1)
Section #3 Defermine the Average Flow Rate spread on & weekly basis
Cperating Position Percent of Time VAV Flow Average Flow
Full Open 1% X 1250 CFM = 7 CFM
{from Section #1) {from Section #2 above)
Partial Open 3% X 1000 CFM = 30 CFM
(from Section #1) {from Section #2 above)
Closed 96% X 250 CFM = 241 CFM
Tfrom Section #1) (from Section #2 above) -
Total Average Volume Flow Rate for this Hood 278 CFM

10/2/95
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. *  Laboratory and Fume Hood
UTO-FLOW,. | G B
ENERGY SAVINGS PROJECTION FORM .

Project Name: Sample 6-foot Fume Hood with Average Sash Usage Discipline Date: - - 20ct-85

Rep Name: SAMPLE CALCULATIONS
Step #4 continued
Section #4 Determine the percentage of the Average VAV Flow to CAV Flow
278 CFM ! 1250 CFM = 22% CFM
Average VAV Volume CAV Volume Percent of VAV
{from Seclion #3 above) (from part #2 Section #1) to CAV
Section #5 Determine Annual VAV Hood Energy Costs
$ 1,355 X . 22% = $ 302
Annual CAV ~ Pergent of VAV Annual VAV
Heating Cost tc CAV Heating Cost
{from part #2 Section #2} {from Section #4 above)
$ 1,247 X 22% = $ 278
Annual CAV Percent of VAV Annual VAV
Cooling Cost to CAV Cooling Cost
(from part #2 Section #3) (from Section #4 above)
Determine Fan Electrical Energy Costs .
Operating Position Percent of Total Volume Flow Percent of Time Average Fan
. Volume factor
Full Open 100% X 1% = 0.0060
(from Section #1) .(from Section #1) Ful! Volume
Partial Open 80% X 3% = 0.0238
: {from Section #1) {from Section#1) Partiat Volume
Closed 20% X 96% = 0.1929
(from Section #1) (from Section #1) Minimum Volume
Total VAV Fan Volume Factor 0.2226
(% 769 + $ 769 ) X 0.2226 = $ 342
Annual CAV Annual CAV VAV Fan Annual VAV
Exhaust Fan Cost Supply Fan Cost Factor Hood Fan Cost

{from Part #2 Section #4) (from Part #2 Section #4) (from above)

Calculate to Total VAV Hood with Sash Glosure Anhual Operating Cost

$ 302 + $ 278 + $ 342 = $ 92170
Annual VAV Annual VAV Annuzal VAV Annual VAV Hood
Heating Cost Cooling Cost Hood Fan Cost with Sash Closure

(from this section) {from this section) (from this seciion) Operating Cost
continued nexf page




AUTO-FLOW.

Laboratory and Fume Hood
Controls Engineering Guide
ENERGY SAVINGS PROJECTION FORM
Project Name: Sample 6-foot Fume Hood with Average Sash Usage Discipline Date: 2-Oct-95
Rep Name: SAMPLE CALCULATIONS
Section #5 Determine the Cost Differential of VAV Hood System vs. CAV Hood System
$ 4,140 - $ 922 = $ 3219
Total Annual CAY  Total Annual VAV Annual Savings
Operating Cost Operating Cost VAV vs. CAV
(from part #2 (from Section #4 Hood System
Section #5) previous page)
1072195
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AUTO-FLOW. Lasosy et P s

ENERGY SAVINGS PROJECTION FORM ' . -
Project Name: Sampile 6-foot Fume Hood with Average Sash Usage Discipline Date; 2-0&-95-
Rep Name: SAMPLE CALCULATIONS

Step #5 Summary of Opemt‘i‘ﬁ Parameters & Eergy&:sts

SYSTEM DATA
Facifity Electricat Cost per Kilowatt-hour $ 0.10 Required Hood Exhaust Volume 1250
Facility Average Heating Cost per MBTU $ 7.50 Heafing Degree Days (from ASHRAE) 5588
Facility Average Cooling Cost per MBTU $ 730 Hood Exhaust Fan Motor Efficiency 0.85
Required Cocling MBTU's for selected 4068 Horsepower of Hood Exhaust Fan 1
Hood Volume af portion of total if manifolded system
CAV & VAV SASH OPERATION PARAMETERS
Hours of Hood Use each Flow State per Week
Sash Percentage Person Person Total Hours
Position of Flow at Hood not at Hood usage
Full Open 100% 1 2 3 l ‘
Partial Open 80% 5 37 42
- [JiClosed . 20% ' 0 123 123
Total Hours >53>5> 6 162 168
VAV WITH AUTOMATIC SASH CLOSURE SASH OPERATION PARAMETERS
i Hours of Hood Use each Flow State per Week
Sash Percenfage Person Person Total Hours
Position of Flow at Hood not at Hood usage
Full Open 100% 1 2 3
Partial Open 80% 5 37 42
Closed 20% 0 123 123
Total Hours >>>>>> 6 162 168

) continued next page .
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AUTO-FLOW. et

Controls Engineering Guide
ENERGY SAVINGS PROJECTION FORM
. Project Name: Sample 6-foot Fume Hood with Average Sash Usage Discipline Date: 2-0¢t-95
Rep Name: SAMPLE CALCULATIONS
Step #5 continued
Sash Percentage of]|
Position Time
Full Open 1% Adjusted Hours with Sash Automatically 1
Closing when Operator is Absent from Hood
Partia! Open 3% 5
Closed 96% 162
Savings
Hood Type Annual Cost VAV vs. CAV : $ 2,832
of Operation
VAV w/ Closure vs. CAV $ 3,219
CAV $ 4,140
VAV w/ Closure vs. VAV $ 587
VAV $ 1,508

. VAV w/Closure $ 922

1072195 Page 9
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PROJECTED ANNUAL SAVINGS COMPARISON FOR MULTIPLE HOOD PROJECTS
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AUTO-FLOW. G

. . 'ENERGY SAVINGS PROJECTION FORM
Project Name:  Sample 6-foot Fume Hood with Poor Sash Usage Discipline Date: 2-Oct-85
Rep Name: SAMPLE CALCULATIONS

This energy savings projection form is a tool for calculating the energy cost
comparisons of Constant Volume Houxds, Variable Volume Hoods and Variable Volume
Hoods with an Automatic Sash Closure Systemn to determine potential cost savings.
Note: For calculation purposes it is inferred airfiow control for the laboratory emulates
fume hood airfiow control (Variable Volume vs. Constant Volume)

Five Step Savings Projection:

Step#1: Determining the expected average operator usage of the fume hoods in
the laboratory facility. ‘
Step#2: Determine the Energy Costs associated with a Constant Volume Hood System.
Stepi#3: Determine the Energy Costs associated with a Variable Volume Hood System.
_Step#4: Determine the Energy Costs associated with a Variable Volume Hood System
with an Automatic Sash Closure System.

Step #5: Compare the calculated energy costs of each system.

Step#1 Determining the expected average operator usage of the fume hoods in the laboratory facility. =

. “Efiter-¥alger
Heurs of Hood Use each Fiow State per Week
~ Sash Percentage Person Person Total Hours
Position of Flow at Hood not at Hood Usage
Full Open g 98, 16
Partial Open - ~%0 65
Closed L L 20% 0 74 87
Total Hours >>>>>5>> 6 162 168
Sash Percentage of
Position . Time
Full Cpen 0%
Partial Open 39%
Closed 52%)

10/2/95 Page 1




ENERGY SAVINGS i’ROJECTION FORM

AUTO-FLOW. | ”m’“azm”“m.

Project Name: Sample 6-foot Fume Hood with Poor Sash Usage Discipline Date: 2-Oct-95

Rep Name: SAMPLE CALCULATIONS

S
Step #2 Determine The Energy Costs associated with a Constant Volume Hood System

Section #1 Collect the data listed below for the specific area, facility and system, and insert where indicated
Facility Electrical Cost per Kilowait-hour $0A0: Required Hood Exhattst Volume
Faciiity Average Heating Cost per MBTU ~$ 57507 Heating Degree Days (from ASHRAE)
Facifity Average Cooling Cost per MBTU - $. 75307 Hood Exhaust Fan Motor Efficiency
Required Cooling MBTL's for selected 4068 Horsepower of Hood Exhaust Fan R b
Hood Volume ~ er portion of total if manifolded system
Section #2 This Section Calctdates Heating Costs associated with sefected Hood Voiumne
$ 750 X 5588 X 1250 X 168 X 0.154 £1,000,000= § 4,355
Heating Cost Degree Days Hood Volume Total Hours Constant Annual
(from Section #1)  {from Section #1) (from Section#1) Weekly Use Heating Cost
{from Part#1)
Section #3 This Section Caiculates Coofing Costs associated with selected Hood Volumne
3.36 X 1250 X 40.68 X $ 730 { 1000 = § 1247 .
Converted weekly Hood Volume Required cooling Cooling Cost Annual
operating time {from Section #1) METU (from Section #1) Cooling Cost
. {from Section #1)
Section #4 This Section Calculates Fan Energy Costs (assurne identical horsepower for make-up air fan requirements)
.. 8760 X $ 010 X 1 X 0746  / 0.85 = $ 789 :
Annual Electrical . Exhaust Fan kwtohp Motor Annual Exhaust
Run Hours Cost Horsepower constant Efficiency Fan Electrical Cost
{from Section #1) {from Section #1) {from Section #1)
1 8760 X ' § 0.0 X 1 X 0.746  / 0.85 = $ 769
Annual Electrical Make-up Fan kw to hp Motor Annual Make-up
Run Hours Cost Horsepower constant Efficiency Fan Electrical Cost
(from Section #1) (from Section #1)
Section #5 This Section Calculates the Total Annual Operating Costs associated with the Hood Mode!
$ 1,355 + $ 1247 + $ 769 + $ 768 = $ 4,140
Annual Annual Annual Exhaust Annual Make-up Total Annual
Heating Cost Cooling Cost Fan Electrical Cost Fan Electricat Cost Operating Cost
Section #6 This Section Calculates the Annual Cost per CFM
$4,140 ! 1250 = $ 33
Total Annual Hood Volume Annual Cost
Operating Cost from Section #1 per CFM
(from Section #5)

Page 2
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\ Laboratory and Fume Hood
AUTO-FLOW. Conls Engineeing Guids
ENERGY SAVINGS PROJECTION FORM
Project Name: Sample 6-foot Fume Hood with Poor Sash Usage Discipiine Date: 2-0¢t-85
Rep Name:

SAMPLE CALCULATIONS

Step #3 Determine the Energy Costs associated with a Variable Volume Hood System.

Section #1 Defermine Total Hood Velume for each of the previously defined Sash Operating Positions
Operating Position Percent of Total Volume Flow Maximum Volume Flow VAV Flow
Full Open 100% X 1250 CFM = 1250 CFM
{from part #1) (from part #2 Section #1)
Partial Open B0% X 1250 CFM = 1000 CFM
(from part #1) {from part #2 Section #1)
Closed 20% X 1250 CFM = 250 CFM
(from part #1) {from part #2 Section #1)
Section #2 Determine the Average Flow Rate spread on a weekiy basis.
Operating Position Percent of Time VAV Flow Average Flow
Full Open 10% X 1250 CFM = ! 119 CFM
(from part #1) (from Section#1 above) .
Partial Open 39% X 1000 CFM = 387 CFM
{from part #1) (from Section #1 above)
Closed 52% X 250 CFM = 129 CFM
(from part #1) (from Section #1 above)
Total Average Volume Flow Rate for this Hood 635 CFM
Section #3 Determine the percentage of the Average VAV Flow to CAV Flow
635 CFM i 1250 CFM = 51% CFM
Average VAV Volume CAV Volume Percent of VAY
{from Section #2 above) (from part #2 Section #1) to CAV
Section #4 Deterrnine Annual VAV Hood Energy Costs
3 1,355 X 51% = $ 689
Annual CAV Percent of VAV Annual VAV
Heating Cost to CAV Heating Cost
(from part #2 Section #2) (from Section #3 above)
$ 1,247 X 51% = $ 634
Annual CAV Percent of VAV Annual VAV
Coofing Cost to CAV Cooling Cost
(from part #2 Section #3) (from Section #3 above)}
continued next page

1072795
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AUTO-FLOW. L e

ENERGY SAVINGS FPROJECTION FORM ‘ .
ProjectName:  Sample 6-foot Fume Hood with Poor Sash Usage Discipline Date: 2-0ct-95
Rep Name: SAMPLE CALCULATIONS
Step #4 continued Determine Fan Electrical Energy Costs
Operating Position Percent of Total Volume Flow Percent of Time Average Fan
Volume factor
Full Open 100% X 10% = 0.0952
(from part #1) (from part £1) Full Volume
Partial Open 80% X 39% = 0.3095
(from part #1) (from part #1) Partial Volume
Closed 20% X 52% = 0.1036
(from part #1) (from part #1) Minimum Volume
Total VAV Fan Volume Factor 05083
($ 769 + $ 769 ) X 050833 = $ 78183
Annual CAV Annual CAV VAV Fan Annual VAY
Exhaust Fan Cost Supply Fan Cost Factor Hood Fan Cost
(from Part #2 Section #4) (from Part #2 Section #4) (from above)
Caiculate to Total VAV Hood Annual Operaﬁng Cost .
$ 689  + $ 634 + §$ 782 = $ . 2,104.63
Annual VAV Annual VAV Annuai VAV Annual VAV Hood
Heating Cost Cooling Cost Hood Fan Cost Operating Cost
{from this section (from this section)  (from this section)
previous page) previous page)
Section #5 Delermine the Cost Differential of V;AV Hood Systern vs. CAV Hood System
$ 4,140 - $2105 = $ 2,035.63
Total Annual CAV  Tofal Annual VAV Annual Savings
Operating Cost Operating Cost VAV vs. CAV
(from part #2 (from above) Hood System
Section #5)

Page4




‘ Laboratory and Fume Hood
AUTO-FLOW. Conirots Engicerng Guide
. ENERGY SAVINGS PROJECTION FORM
Project Name: Sample 6-foot Fume Hood with Poor Sash Usage Discipline . Date:; 2-Oct-85
Rep Name: SAMPLE CALCULATIONS
Step#4 Determining the Energy Costs associated with a VAV Hood with Automatic Sash Closure
Section #1 Detennine‘Hood Use
Hours of Hood Use each Flow State per Week
Sash Percentage Operator Operator Total Hours
Position of Flow Present Absent use per
at Hood from Hood flow state
IFuII Open 1 " 15 16
Partial Open 08 5 60 65
Closed 02 0 87 87
Total Hours >>>>>> & 162 168
) Sash Percentage of]
Position Time ) :
b Full Open 1% Adjusted Hours with Sash Automatically . 1
. Ciesing when Operator is Absent from Hood
Partial Open 3% 5
Closed ' 96% 162
Section #2

Determine Total Hood Volume for each of the previously defined Sash Operating Positions

Operating Position Percent of Total Volume Flow Maximum Volume Flow VAV Fiow
Full Open 100% X 1250 CFM = 1250 CFM
. (from Section #1) (from part #2 Section #1)
Partial Open ) 80% X 1250 CFM = 1000 CFM
(from Section #1) {from part #2 Section #1)
Closed 20% X . 1250 CFM = 250 CFM
{from Section #1) (from part #2 Section #1)
Section #3 Determine the Average Flow Rate spread on a weekly basis
Operating Position Percent of Time VAV Flow Average Flow
Full Open 1% 1250 CFM = 7 CFM
{from Section #1) {from Section #2 above) :
Partial Open 3% 1000 CFM = 30 CFM
(from Section #1) (from Section #2 above)
Closed 96% 250 CFM = 241 CFM
(from Section#1) (frorn Section #2 above)
Total Average Volume Flow Rate for this Hood 278 CFM
continued nex page
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AUTO-FLOW.

Laboratory and Fume Hood
Controls Engineering Gub
ENERGY SAVINGS PROJECTION FORM .
Project Name: Sample 6-foot Fume Hood with Poor Sash Usage Discipline Date: 2-0ct-95
Rep Nama; SAMPLE CALCULATIONS
Step #4 continued
Section #4 Determine the percentage of the Average VAV Flow to CAV Flow
278 CFM / 1250 CFM = 22% CFM
Average VAV Volume CAY Volume Percent of VAV
(from Section #3 above) {from pant #2 Section #1) to CAV
Section #5 Determine Annual VAV Hood Energy Cosls
$ 1,355 X 22% = $ 3062
Annual CAV Percent of VAV Annual VAV
Heating Cost 1o CAV Heating Cost
(frorn part #£2 Section #2) {from Section #4 above)
$ 1,247 X 22% = $ 28
Annual CAV Percent of VAV Annual VAV
Cooling Cost to CAV Cooling Cost
{from part #2 Section #3} {from Section #4 above)
Determine Fan Electrical Energy Costs .
Operating Position Percent of Total Volume Flow Percent of Time Average Fan
Volume factor
Full Open 100% 4 1% = 0.0060
(from Section #1) . {from Section #1) Full Volume
Partial Open : 80% X 3% = 0.0238
(from Section #1) {from Section #1) Partial Volume
Closed 20% X 96% = 0.1928
{from Section #1) {from Section #1) Minimum Volume
Total VAV Fan Volurne Factor 0.2226
| ($ 769 + $ 769 ) X 0.2226 = $ 342
Annual CAV Annual CAV VAV Fan Annual VAV
Exhaust Fan Cost Supply Fan Cost Factor Hood Fan Cost
(from Part #2 Section #4} (from Part #2 Section #4) . (from above)
Calculate to Total VAV Hood with Sash Closure Annual Operating Cost
§ 302 + 3 278 + $ 342 = $ a21.70
Annual VAV Annual VAV Annual VAV Annual VAV Hood
Heating Cost Cocling Cast Hood Fan Cost with Sash Closure
{from this secfion) (from this section) (from this section) Operating Cost
continued next page
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Laboratory and Fume Hood
UTO-FLOW. P ——
ENERGY SAVINGS PROJECTION FORM
Project Name: Sample 6-foot Fume Hood with Poor Sash Usage Discipline Date: 2-06(-95
Rep Name: SAMPLE CALCULATIONS
Section #5 Determine the Cost Differentral of VAV Hood System vs. CAV Hood System
$ 4,140 - § 922 = $ 3,219
Total Annuai CAV  Total Annual VAV Annual Savings
Operating Cost Operating Cost VAV vs, CAV
(from part #2 (from Section #4 Hood System
Section #5) previous page)

- 10/2/95
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ENERGY SAVINGS PROJECTION FORM

AUTO-FLOW. SR

Project Name: Sample &-foot Fume Hood with Poor Sash Usage Discipline : Date: 2—0&-95
Rep Name: SAMPLE CALCULATIONS
Step #5 Summary of Operating Parameters & Energy Costs
i SYSTEM DATA
Facility Electrical Cost per Kilowatt-hour $ 010 Required Hood Exhaust Volurme 1250
Facility Average Heating Cost per MBTU $_7.50 Heating Degree Days (from ASHRAE) 5588
Facility Average Cooling Cost per MBTU $ 7.30 Hood Exhaust Fan Motor Efficiency 0.85
Required Cooling MBTU's for selected 40.68 Horsepower of Hood Exhaust Fan 1
Hood Volume : or portion of total if manifolded system
CAV & VAV SASH OPERATION PARAMETERS
) Hours of Hood Use each Fiow State per Week .
Sash Percentage Person Person Total Hours
Position of Flow at Hood not at Hood usage
Full Open 100% 1 ) 15 ; 16 .
Partial Open 80% 5 60 85
. [Closed 20% o 87 87
Total Hours >>>>>> ] . 162 168

VAV WITH AUTOMATIC SASH CLOSURE SASH OPERATION PARAMETERS

Hours of Hood Use each Flow State per Week

Sash Percentage Person Person Total Hbms
Position of Flow at Hood not at Hood usage
Full Open 100% 1 15 18
Partial Open 80% 5 60 65
r{cmsed 20% 0 87 87
Total Hours >>33>> 6 162 168
continued next page .

_lorAes Page 8




AUTO-FLOW. ConisEvgeeiog i

ENERGY SAVINGS PROJECTION FORM

Project Name: Sample 6-foot Fume Hood with Poor Sash Usage Discipline Date: 2-Oct-95
Rep Name: SAMPLE CAL.CULATIONS
Step #5 continued
Sash Percemage oﬁ
Position Time
Full Open _ 1% Adjusted Hours with Sash Automatically 1
Ciosing when Operator is Absent from Hood
Partial Open 3% . 5
Closed 96% 162
Savings
Hood Type Annual Cost VAV vs. CAV $ 2,036
of Operation
VAV w/ Closure vs, CAV $ 3,219
CAV $ 4140
VAV w/ Closure vs. VAV $ 1,183
VAV $ 2,105
VAV wiClosure § 922

10/2/35 Page 9
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