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RE: 
Discussion of Energy Savings Potential for Fume Hoods installed 

in Laboratory Buildings located at Princeton, NJ, using Philadelphia, PA Weather Data

Basis of  Analysis:  10ea -  6’ Nominal Vertical Rising Sash  Fume Hoods

This narrative identifies and explains how potential energy savings associated with different laboratory air flow control schemes (to include fume hoods) can be converted to energy cost savings. The basis of this cost comparison is the 5’nominal vertical rising sash fume hoods found in the Schultz building at Princeton University. It compares and contrasts the energy and cost savings associated with Constant Air Volume (24 hrs Air Volume) vs. Variable Air Volume (constant face velocity) with Sash Positioning System (sPs™) 
 or Sash Safety Assistant (sSaTM), Usage Based Control™ Face Velocity/Flow Control reset offered by Phoenix Controls, Inc 
, and the Lawrence Berkeley National Laboratory (Berkeley Lab) Low Flow fume hood 
 being offered by others.   

The assumptions for Case I, II, III, and IV are:

· Weather data for Philadelphia, PA weather year 



(http://www.accuaire.com/qloads/AAQload.htm using Philadelphia, PA TMY2’s weather file) 

·  Summer Room Temperature: 72.0ºF

·  Summer Room Humidity: 50.0%

·  Winter Room Temperature: 70.0ºF

·  Winter Room Humidity: 30.0%

 

·  Using Electricity for chiller and reheat and steam for preheat, humidification

·  Electrical cost at $0.0879/kwh 

· Gas cost at $8.69/Mcf 
 :  1 MCFM = 1000 cfm natural gas = 1 x 106 BTUs = 10 Therms

· Steam estimated cost at $12.66 Mcf  =  $14.78/K-lbm with 80% efficient boiler, 40% transportation loss
.   For purposes of analysis, with a natural gas rate of $8.69/MCF x MCF/106 BTUs x  970.3 BTUs/Lbm-H2O  ( = hfg  at 212º F & 1 atm pressure) x 1000/K-lbm H2O, cost to convert water to steam would be $0.841/K-lbms.  However this costs does not include boiler stack (≈ 15% of heating value, with 85% recovered), first cost amortization over the life of the boiler, and transportation losses (≈  40% or more accounting for lost condensate, field maintenance, etc).  All these factored should be  included in the ultimate delivery costs used in this analysis and should be expressed in $/Mcf or $/K-lbms  for steam delivered.)
Case I – Accu*Aire Variable Air Volume System

Accu*Aire Variable Air Volume – Basis: Maintain Face Velocity Constant for Capture Purposes and Keep the Sash Closed for Safety Purposes.  Variable Air Volume with sPs™ (Sash Positioning System) or sSaTM (Sash Safety Assistant):  Using a 5% probability of maximum airflow for an 8 hour workday, 95% probability of minimum airflow for the remainder of the workday, and minimum airflow for all other non-working hours (night, weekends, and holidays).

Normal maximum hood exhaust flow corresponding to 50% sash opening: 
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10 fume hoods at 720 cfm yields a flow rate of 7,200 cfm

Normal minimum hood exhaust flow: 240 cfm x 10 hoods yields a flow rate of 2,400 cfm

The average workday airflow for 10 Hoods is 2,400 CFM = (7,200 CFM x 0.05 + 2,400 CFM x 0.95).  The 5% corresponds to 24 minutes per day (8 hr x 60 min x 0.05) when a user is in front of a fume hood with at sash half open at 720 cfm; our sPs™ controller when in “auto open” rather then “user manual open”  set the hood to the 50% open position, allowing the user to change the sash to manually change the sash to any position after auto open, a very conservative approach to energy savings.

Case II - Typical to vertical rising sash type hoods equipped with Phoenix Control Corporation’s Usage Based Controls™ Face Velocity Control scheme. 

Usage Based Controls Face Velocity Reset – Basis:  Face velocity reset from 100 fpm to 60 fpm by a presence sensor when a user exits the front of the hood but the hood sash remains in the same position. For the adaptive face velocity control, experience suggests that users do not close fume hood sashes and the normal position of the hood sash, unless some feature is included that causes closure, will remain at the 60% (or greater) sash open position.  In the following calculations we have used 50% of the sash the open position, setting a liberal approach to energy savings. Normal maximum hood exhaust flow is thus based on 50% of  [(max – min)  +  min] flow, which would have expected “occupied” flow at 100 fpm.   Normal minimum flow is based on normal maximum hood exhaust flow reduced by 60/100 to represent 60 fpm velocity reset from 100 fpm at the normal condition as follows:

Normal maximum hood exhaust flow:  
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Normal minimum hood exhaust flow:  
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 600 cfm = 432 cfm  (where face velocity is reset from 100 to 60 fpm)

Case III - Typical to LBL Low flow Constant Volume Type Hood Exhaust Flow Control Scheme.
LBL Constant Low Flow – Basis:  Face velocity varies according to limited travel sash position while the hood exhaust flow remains constant typically using only 30 percent of the airflow of a conventional hood’s exhaust flow
; capture containment is improved by jetting air into the hood by three small fans, two over the sash opening, and one below the lower foil, that enhance capture at the hood opening to allow lower face velocity in the core opening of the hood sash opening.



At all times:  Flow is constant at 360 cfm  =  (1200 cfm x 0.30)
Case IV - Constant Air Volume type Hood.

Constant Air Volume – Basis:  Maximum air volume 24 hours per day.  The 24 hours airflow for 10 hoods is 12,000 cfm. This assumes that each hood is a 6-foot fume hood with maximum constant flow of 1,200 cfm regardless of sash opening.

COMPARATIVE RESULTS:
Case I: Total yearly energy $ 16,745.09 with outside air processing costs of $6.59/cfm (Accu*Aire 

             System -  Zone 1 results)


Case II: Total yearly energy $ 29,222.63with outside air processing costs of  $6.59/cfm (Phoenix 

                System equipped with their Usage Based Controls Face Velocity Reset- Zone 2 results)

Case III: Total yearly energy $ 23,739.84 with outside air processing costs of $6.59/cfm  (Typical LBL Low flow system - Zone 3 results)

Case IV: Total yearly energy $ 79,132.80 with outside air Processing costs of $6.59/cfm  (Constant 

                Volume Air system – Zone 4 results)
Additionally, Operating Cost Relative to Case I System with 15 Hoods, all more expensive to operate, are:


Case II   vs. Case I  : 10 Hoods @ ($  29,222.63- $ 16,745.09)  =    $ 12,477.63 /year 
   
Case III  vs. Case I : 10 Hoods @ ($  23,739.84 -  $ 16,745.09)  =   $ 6994.75 /year

Case IV   vs. Case I : 10 Hoods @ ($79,132.80 -  $ 16,745.09)   =   $ 61,731.76/year    

SIMPLE PAYBACK CALCULATION BASED ON USE OF THE ACCU*AIRE CONTROLS INC. SAVING RELATIVE TO COMPARATIVE RESULTS:
Accu*Aire Variable Air Volume System – Case I   vs.   Existing Constant Volume System 
 – Case IV

We have prepared a proposal for retrofit of the existing remaining 10 fume hoods that are installed in the Schultz Laboratory.  Our cost projects reflects  four vertical rising sash fume hoods per floor (all Fisher-Hamilton, converted to function like our Type A, but without modification to the existing baffling system – see http://www.accuaire.com/catalog/catalog/DIGITAL CONTROL SCHEMES.pdf), with net exhaust offset flow tracking and resetting the room supply air flow ( using the existing Titus VAV boxes that exits configured to function like our Type K--http://www.accuaire.com/catalog/catalog/DIGITAL CONTROL SCHEMES.pdf), complete with sPs™ installed on each fume hood (sPs™  -- http://www.accuaire.com/product/sash.html) to include control elements panel or “can” mounted, to include  the installation and commissioning for the one system we have used for kit development on site, and with us aiding retrofit on one hood that currently in use. Mike Morris and his Special Facilities Maintenance crew will do the remaining 13 fumes hoods and our final commissioning of the controls and sPs systems.  Our quote for the control systems, exclusive of the four commissioning trips
, as is attached, is $70,750.00, which includes labor and expenses for on-site instruction
 and us shipping or transporting the one fume hood used as the “kit model”, returning it to the site and assisting with its re-installation.
This includes the air flow controls and sPs include along with air valves, controllers, and other elements.  Cost for connectivity to internet for local and remote alarm and monitoring are furnished separately in the proposal.   With our controls applied to the existing constant volume air handling and exhaust systems the supply air system would no longer be starved.  Converting the existing system to VAV with sash positioning with supply offset flow tracking would allow the system to yield the following calculated payback.
($70,750.00  initial cost/ $78,476.85 savings per year) x 12 month/yr = 11  month payback

Payback is based on the energy costs identified above, calculated via our QLOADs freeware computer program available on our website. 

With R&D type lab environments, we have found that the probability of “active use
” of a fume hood remains typically at 5% in a normal workday.  The 5% value has been determined from real-time data gathered and analyzed in universities and industrial laboratories R&D and quality control labs such as Rohm-Haas, Deer Park, TX; Union Carbide, Texas City, TX; Exxon Refinery, Baytown, TX; University of Wisconsin, Madison, WI; BASF Corporation, RTP, NC.  The “probably of use” would change with teaching only laboratories in a college or university setting, depending on student class room loading and laboratory usage schedules.  For a new R&D system design, we would size the ductwork and supply and exhaust handling capacity with a three times safety factor or 15% probability use for determining maximum airflows. If the lab area is used on 24-hour basis such as in a chemical plant or refinery, then the payback results need to be re-calculated for a probability of use for 24 hours instead of a typical 8 hour work day.
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For those interested in energy savings in laboratories








� We refer to the combination of hood face velocity control and sash positioning system (sPs™ w/ patent application pending) or sash safety assistance (sSa™  also w/ patent application pending) as a Laboratory Air Flow Control System (LAFCS).  When others refer to LAFCS they omit the sSs™ or sSaTM and the unique control coupled feature associated with either of these two concepts and the Accu*Aire Controls, Inc. special hood face velocity control scheme with hood sash position.


� See Usage Based Controls™  narrative at  � HYPERLINK "http://marketingvp.com/payback/phoenix/intro.htm" ��http://marketingvp.com/payback/phoenix/intro.htm� 


�See � HYPERLINK "http://www.eurekalert.org/pub_releases/2000-01/LBNL-Nefh-1301100.php" ��http://www.eurekalert.org/pub_releases/2000-01/LBNL-Nefh-1301100.php� & � HYPERLINK "http://ateam.lbl.gov/hightech/fumehood/fhood.html" ��http://ateam.lbl.gov/hightech/fumehood/fhood.html� 


� The site-specific weather data files used with the QLOADS program have been extracted and condensed from the TMY2s Typical Meteorological Years Derived from the 1961-1990 National Solar Radiation Data Base (� HYPERLINK "http://www.nrel.gov" ��http://www.nrel.gov�) , dated 1995.  These data sets are available on a CD-ROM produced by the National Renewable Energy Laboratory’s Analytic Studies Division under the Resource Assessment Program, funded and monitored by the U.S. Department of Energy’s Office of Solar Energy Conversion.


� Electrical cost data is taken from published information by Energy Information Administration, the official energy statistics for the U.S. government, monthly reports. Table 5.6.B was used in the following link � HYPERLINK "http://www.eia.doe.gov/cneaf/electricity/epm/table5_6_b.html" ��http://www.eia.doe.gov/cneaf/electricity/epm/table5_6_b.html�


� Gas Cost data was taken from published information by the Energy Information Administration, the official energy statistics for the U.S. government, monthly report. � HYPERLINK "http://www.eia.doe.gov/emeu/states/ngprices/ngprices_nj.html" ��http://www.eia.doe.gov/emeu/states/ngprices/ngprices_nj.html�


� see Coil Type Steam Generators, by Larry S. Clark, at �HYPERLINK "http://www.hpac.com/BSE/pdf/BSE4.pdf"��http://www.hpac.com/BSE/pdf/BSE4.pdf�. Clark’s analysis includes owning and operating costs with the energy costs shown scaled on a fuel cost basis, and subject to a 40% “transportation loss” added in this analysis.  Unit costs for steam consumed to include owning, operating and transportation costs will vary significantly from one owner’s site to another and site specific costs obtained from the owner should be used. 


� Sash closed exhaust flow could be reduced to approximately 240 cfm, or 6’x 40 cfm per linear foot of hood width as is suggested by Appendix A by NFPA 45 - 1996, paragraph A-6-4.5 which states…”fume hoods which reduce the exhaust volume as the sash opening is reduced should maintain a minimum exhaust volume to ensure that contaminants are diluted and exhausted from a hood.  A minimum exhaust volume of 40 cfm per lineal foot of interior hood width generally ensures that contaminants are exhausted from a hood, however, some activities may require higher volumes to ensure that flammable atmospheres will not occur in the hood.”





� Note statement "The new fume hood technology uses only 30 percent of the airflow of standard laboratory fume hood installations," says Bell as used above is extracted from � HYPERLINK "http://www.eurekalert.org/pub_releases/2000-01/LBNL-Nefh-1301100.php" ��http://www.eurekalert.org/pub_releases/2000-01/LBNL-Nefh-1301100.php� .  Use of this system however requires a hood change out, a capital expense that any owner would have to consider and evaluate as a part of a new laboratory construction or renovation project.    


� Phoenix venturi valves used as constant flow regulators and Fisher-Hamilton bypass hoods are now in use.


� We anticipate cost per trip at $5000 per our quote with up to four (4) trips required, totaling an additional $20,000.  This proposal anticipates Mike Morris and the Special Facilities Management crew will be trained and certified to install the retrofit kits by Accu Aire’s employees onsite at Princeton, partially eliminating the need for us on site four different times. 


� This includes training the Special Facilities Management Crew to install the retrofit kit on the Fisher Hamilton 5ft nominal hood, Accu Aire’s Sash Positioning System, and Accu Aire’s offset flow tracking system. The Accu Aire proposal provides cost for four additional trips to program the controls and do final commissioning as needed.   


� These studies have been performed by installing a motion/presence sensor/detector on the fume hood and recording the elapse time of study, number of times motion in front of a hood is detected, and elapse time of detection.  For a teaching laboratory rather than a research laboratory, the probability of active use can be much as 25% - 34% in some cases during a normal working day.  In a normal research laboratory, this probability is typically 5% during the normal workday. 
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