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ll. Executive Summary

Fume hoods contribute to approximately 2,495 GWh/year, 574 MW, and 18 Trillion
BTUsl/year in California. Assuming one third the hoods are in the PG&E territory (28,000
hoods), their estimated energy requirement is 800 GWh/year, 190 MW, and 60 million
therms. The end-state goal is to reduce airflow through fume hoods by 75%. This goal will
be accomplished through multiple technology options including:

Reduce the number and size of fume hoods
Restrict the sash opening

Two “speed” occupied and un-occupied
Variable Air Volume (VAV)

High Performance Hoods

This study focuses on a variation of two “speed” occupied and un-occupied, and variable air
volume (VAV) by installing an automatic sash closure system on a VAV hood that is
controlled by an occupancy sensor. This technology has the potential to meet the end state
goal of saving 75%

Demonstration automatic fume hood sash closure systems were installed in two laboratories
at UC Davis. A summary of the results are presented in Table 1 — Annual Savings per CFM,
Table 2 — Savings per Hood, and Table 3 — Demand Savings.

Table 1
Automatic Fume Hood Sash Closure Annual Savings per CFM
(Energy and Dollars)

Configuration PES Genome
Therms | KWh $ Therms | KWh $

1. Gas cooled 2.5 4.0 $2.39 3.0 9.2 $3.16
2. Electric cooled 2.1 5.8 $2.17 2.0 13 2.56
3. Electric w/ normal 55 1.9 9.2 $2.25

deg. F supply (PES only)
4. Same as #3 w/ 1.9 9.2 $3.44 2.0 13 3.90

commercial PG&E rates




Table 2
Savings Per Hood Assuming Typical Configuration and Utility Rates

(CFM and Dollar)

Configuration PES (6 ft. Hood) Genome (5 ft.
Hood)
CEM $ CFEM $

1. Base (“Typical”) 533 $1834 293 $1143
2. Hood driven load (all savings captured) 533 $1834 433 $1689
3. Remove sash stops and assume CAV 1333 $4586 866 $3377

(or open VAV) - most energy intensive

scenario

Base (typical conditions) is configuration #4 in Table 1

Table 3
Demand Savings
Per CFM Per Hood

(533 cfm PES and

433 cfm Genome)
PES gas cooled 16 W .9 kW
PES electric chiller 3.5W 1.9 kW
Genome gas cooled 2.3 W 1 kW
Genome electric cooled | 4.8 W 2.1 KW

Cost Effectiveness

At a cost of $4,500 per hood, the simple payback is 1 to 4 years based on the two test

conditions and PG&E commercial rates. 2.3 to 2.5 year payback would be typical for a hood
driven load. Low utility rates and other unique conditions at UC Davis yielded a lower unit

savings and a longer payback.

While the energy savings and cost effectiveness is attractive in retrofit, there could be even
greater advantages in new construction. If the automatic fume hood sash closure system is
deployed in new construction, and the design team assumes a small fraction of the hoods are
simultaneously open, the reduced infrastructure size and cost (fans, ducts, boilers, chillers,

etc.) can offset the increased hood control cost.




CO2 Savings

Assuming 1.1 Ibs/kWh and 11.7 Ibs/therm and the base case (typical conditions), the annual
CO2 savings, is estimated as:

Per CFM Per Hood

PES (533 cfm) 32 Ibs 17K Ibs

Genome (433 cfm) 37 Ibs 16K Ibs




lll.Background

A. Introduction

Exhaust hoods protect operators from breathing
harmful fumes by capturing, containing, and
exhausting hazardous gases created in laboratory
experiments or industrial processes. These box-like
structures, often mounted at tabletop level, offer users
protection with a movable, window-like front “face”
called a sash. Fans draw fumes out the tops of the
hoods.

Fume hood exhaust induces airflow through the fume
hood’s “face.” The generally accepted “face
velocity” is 100 feet/minute; a high airflow rate
causing large exhaust flows. Interestingly, increasing
face velocity does not necessarily improve
containment. Instead, errant eddy currents and
vortexes can be induced around hood users as air Standard fume hood in use.
flows into the hood, reducing containment

effectiveness.

Fume hoods exhaust large volumes of air at great expense. The energy to filter, move, cool,
heat or reheat, and in some cases scrub (clean) this air is one of the largest loads in most lab
facilities. Fume hoods frequently operate 24 hours/day. Since many laboratories have
multiple hoods, they often dictate a lab’s required airflow and thus the supply and exhaust
systems’ capacity. The result is larger fans, chillers, boilers, and ducts compared to systems
having less exhaust. Consequently, fume hoods are a major factor in making a typical
laboratory four to five times more energy intensive than a typical commercial space.

Most state-of-the-art, energy-efficient fume hood systems require several interactive features
and diligent users. Sophisticated controls, for each hood and for supply and exhaust air
streams combine to provide the recommended face velocity and pressure differential between
the laboratory and adjacent space.

B. End State Goal
The end state goal in reducing the energy impact of California fume hoods is a 75%
reduction in airflow (NFPA minimum flow requirements for dilution) while maintaining or
improving safety.



C. Fume Hood Energy Consumption and Potential Savings

A six-foot-wide hood typically exhausts 1250 cubic feet per minute (cfm), 24 hours per day,
consuming three-times more energy than an average house. Greenhouse-gas emission caused
by operating the typical hood is equivalent to six automobiles.

Fume Hood Energy Consumption

1

Using the fume hood calculator developed by LBNL (available at http://hightech.lbl.gov/fh-
calc.html) an estimate of California fume hood energy use (gas, electric, and peak) follows.
This was based on the assumption of an equivalent of 85,000 1250 cfm fume hoods installed.

Electricity GWh/year: 2,495
Total Peak Power MW: 574
Total Natural Gas Trillions BTUs/year: 18

California ratepayers are spending over $400 million to operate their fume hoods. While the
goal is to reduce fume hood airflow 75%, energy savings will be different:

1. Two thirds of the KWh and one third of the KW savings are from the fans. In a static
system, fan energy reduces at approximately the cube of the flow. Therefore a 75%
reduction in fume hood flow can result in more energy savings, especially in the main
supply fans which provide air for other purposes than the hoods (the impact will be at
the margin where flow reductions will have the greatest impact). However as will be
seen in this case study, more sophisticated controls will be required to achieve this
potential.

2. Fume hoods don’t always “drive” the required air change rate. In labs with few
hoods, other factors such as the minimum air change rate and thermal loads can


http://hightech.lbl.gov/fh-calc.html
http://hightech.lbl.gov/fh-calc.html

dictate the required airflow. In these situations, reductions of airflow through the
fume hoods are “made-up” by increases in the general room exhaust.

We are assuming that 1 and 2 cancel each other out for electricity, and therefore assume that
the end state goal will result in a 75% electrical savings. We assume that the savings for
natural gas is discounted 20% (of 75%) to yield a 60% potential savings:

Saved Electricity GWh/year: 1,871
Saved Peak Power MW: 431
Saved Natural Gas Trillions BTUs/year: 11

D. Fume Hood Energy Efficiency
The end goal will be achieved through multiple technology options:

Reduce the number and size of fume hoods
Restrict the sash opening

Auxiliary air hoods

Two “speed” occupied and un-occupied
Variable Air Volume (VAV)

High Performance Hoods

Sk~ wd P



1. Reduce the number and size of fume hoods

New labs often standardize on a single hood size (increasingly larger) and install
more than needed to allow for growth and flexibility (for example two per lab
module). Existing labs often have rooms needing hoods (one of the reasons new labs
get so many), while many other rooms have underutilized hoods. It is best to:

o Size distribution for ample capacity but install only hoods needed immediately

o0 Provide tees, valves, and pressure controls for easy additions and subtractions

o0 Encourage removal of underutilized hoods (some labs are going to hoods as a
shared resource)

Is this hood intensity necessary?

10



2. Restrict the sash opening

In an effort to maintain 100 fpm face velocity, fume hood designs have been
developed to simply reduce/restrict the sash opening and thus save air/energy. The
two most popular techniques are horizontal sliding sashes and sash stops.

a. Horizontal sliding sashes

Horizontal sliding sashes are used to restrict the fume hood opening and
protect the user. In theory these sliding sashes cannot be opened all the way
but two (or more) can overlap, creating an opening. Some users feel the
sashes get in the way and remove them (not a safe or efficient option).

Further the sashes’ sharp edges can cause turbulence, reducing the ability of
the hood to contain. Some companies, with strong sash management cultures,
have successfully used this technique.

® Horizontal Sash
Opening

—Can be more energy
efficient due to reduce
airflow volume

—May increase worker
safety

—Caution — sash panels
can be removed; defeats
safety

Sash Panels

Figure 9. Hood with vertical-rising sash

Figure 10. Hood with
horizontal-sliding sashes

18 |l

Figure 11. Hood with combination

“A-style” sash

11



b. Sash stops

Sash stops prevent the sash from opening all the way. Usually the stops are
placed at 18” thus blocking the top two fifths of the opening. In most cases
the stops are designed for easy override to lift the sash out of the way during
setup. Systems designed for the 18” opening violate Cal/OSHA standards
when the sash stops are bypassed. A corporate culture that assures bypass
only when hazards are not present is needed. Sash stops “encourage”
diversity in VAV hoods (at least the hood is partially closed — 2/5ths or more
— most of the time).

® Vertical Sash Opening
— Most common sash
— Good horizontal access

— Energy use reduced with
sash stop

Vertical
Sash Stop

3. Auxiliary air hoods

Auxiliary air hoods bring tempered make-up air directly to the hoods and introduce it
above the sash (above the users head). These hoods were introduced in the 1970’s for
energy efficiency. They are still shown in manufacturers’ catalogs, however their
popularity has waned due to comfort and safety issues. Energy savings has been less
than anticipated as the “tempered” air is conditioned to provide comfort. Auxiliary
air hoods are not recommended.

® Auxiliary Air Hood
— Wastes energy

— Reduces containment
performance

— Decreases worker comfort

— Disrupts lab temperature and
humidity

— Not Recommended

12



4. Two “speed” occupied and un-occupied

In theory, a hood that is unoccupied doesn’t need the same airflow than one with a
person at or near its face. Control companies offer an occupancy sensor based two-
position control that reduces the face velocity from 100 fpm to around 60 fpm
unoccupied. These systems are sometimes marketed as a “substitute” for VAV but
they could be combined with VAV and other technologies. There benefit is assured
savings even when the fume hood sash is left open. Therefore, in an environment of
poor sash management, they can save more energy than VAV. Cal/OSHA has
recently approved this technology (with conditions such as tracer gas testing) for use
in California.

Two speed control with occupancy sensor range

13



5. Variable Air Volume (VAV)

VAV fume hood systems control the airflow to maintain a constant face velocity. As
the sash is closed, the exhaust air volume is automatically decreased. Ina VAV
system, energy savings occur when a hood’s sash is less than fully open, which
reduces exhaust flow while maintaining a constant face velocity. Each hood user
must operate the sash properly to ensure that the system achieves full energy savings
potential.

Sashes Open
Maximum Flow

Sashes Closed
Minimum Flow

Exhaust Valve
Actuator S

l—Sash Sensors

I §\Hood

Monitor g f

VAV Hood Operation

The VAV exhaust must be coupled with a VAV supply system to maintain required
air pressure relationships in labs. “Rightsizing” the HVAC system requires an
assumption regarding the diversity of the sashes. The most conservative designers
assume all the hoods are open when sizing their equipment. Other designers assume
up to a 50% (closed) diversity depending on the number of hoods (greater diversity is
assumed with larger numbers).

Since its introduction in the 1980’s, VAV has grown to a large market share in new
construction. Assuming 30% of the hoods installed in California have VAV and 50%
of the potential end state savings is achieved, VAV has already captured 15% of the
potential savings outlined above.

The biggest problem with VAV is no energy is saved if the fume hood sashes are left

wide open. Therefore, the savings depends on the users. Energy and safety goals are
synergistic with VAV hoods — a closed hood is much safer than an open hood.

14



a. Sash management

Any effort to encourage sashes being closed is called sash management. This
can include: signs, pamphlets, training, incentives (e.g. monetary awards
when spot checks find sashes closed), and penalties (e.g. monitoring systems
that can provide information to back-charge users for individual fume hood
use). A study at Duke University showed user training improved sash
management by over 30% (from 5% of the time closed to 39% of the time
closed).

Demand responsive sash management (unutilized technique)

Using a variety of notification systems (PA, e-mail, and telephone) this sash
management technique would alert users to peak conditions and request
closure of fume hood sashes. Users would be provided feedback via a
graphical web site that shows reduction in energy, demand, and cost resulting
from their action. A large potential savings in peak cooling will occur as
reductions in outside air will occur at peak outside air temperature conditions.
Also supply and exhaust fan savings can approach a cubed function (small
reduction in flow yields large reduction in energy). This technique was
demonstrated in another PG&E Emerging Technology project.

Occupied and unoccupied set points

The two “speed” technology described above can be applied to VAV such that
the velocity set point can be reset when the hood is “unoccupied.” Savings
would accrue as a result of both the hood being unoccupied as well as the sash
being closed or partially closed.

. Auto sash closure systems

Auto sash closure systems are a form of sash management, and are the focus
of this study. See the next section for more details.

15



6. High Performance Hoods

e.

First generation (20 to 40% savings)

Several high performance hoods (safe and low flow) are on the market
(outside of California). They offer advantage (over VAV) of simplicity
(generally constant volume), lower peak requirements, safety, and the ability
to downsize the mechanical/electrical systems (no diversity assumptions
required). There is a major institutional barrier to high performance hoods in
California where Cal/OSHA requires hoods to have 100 ft/min face velocity.

High performance fume hoods by Air Sentry
and Labconco (representative)

16



b. Second generation (40 to 75% savings)

Second generation high performance fume hoods are similar to the first
generation, but with lower flow requirements to provide the same level of
safety. The “Berkeley Hood” is the only known second generation high
performance hood under development. While it may be possible to reach the
end state goal solely with a second generation high performance hood, it may
be easier (technically and from a cost standpoint) to achieve the goal with a
hybrid hood system (combining high performance with control options).

Berkeley Hood by LBNL
— Air Divider Technique
— Perimeter Air Supply
— Perforated Rear Baffle
— Slot Exhaust
— Optimized Upper Chamber

— Designed to minimize escape
by reducing reverse flow

17



E. Automatic Sash Closure

1. Description of technology
In response to poor sash management, several companies have introduced automated sash

closure systems. An auto sash closure system coupled with a VAV or two position fume
hood control system will come very close to meeting the end state goals since most hoods are
“occupied” only a few hours a week. Much higher diversity assumptions could be made with

such a system, potentially reducing first cost.

Activation
Buttons

Presence Se

The New-Tech Automatic Sash Positioning
System

18



2. Market Status

Market penetration of fume hood automatic sash closure systems has been slow, especially in
California. Reports of problems in early installations (i.e. 1980’s) have reinforced general
concerns about the technology (e.g. what if it closes or opens when you don’t want it to).
There were no known operating installations in California in 2005 (an abandoned installation
exists at UC Berkeley). However the current state-of-the-art seems to have overcome these
barriers and concerns, and the technology is being actively marketed in California.
Enhancements to the technology include:

e Pneumatic sash positioning allows one finger override (up or down)

e Fails in any desired position
Safety eye stops sash closure before it hits any protrusion
Opens on presence or activation of buttons (user option)
Option for multiple sash opening selector
Advanced presence sensor technology
Selectable time delay prior to sash closing
Monitoring options

3. Related work (SCE and UCI)
In addition to this demonstration/test at UC Davis, the technology is being tested at UC
Irvine and at Amgen in the Southern California Edison service area. In both cases the
technology has been well received.

IV. Objectives

The objective of this project was to demonstrate and evaluate the opportunity for energy and
demand savings in laboratories based on an automated fume hood closure system. The
demonstration involved the retrofit of two existing VAV controlled fume hood in a
laboratory where the fume hoods drive the outside air requirements most of the time. This
project will:

e Demonstrate and evaluate emerging technology
Document baseline and post retrofit conditions to assess savings
Estimate actual energy and demand impact
Demonstrate operator acceptance of the automatic sash closure system
Promote the project and use of auto-closure fume hoods (subject to positive test
results)

V.Demonstration Design and Procedures

A draft monitoring and evaluation plan was prepared by LBNL dated October 9, 2006 (see
appendix). Site requirements and selection criteria were also developed (see appendix) that
called for:

1. PG&E Customer

19



Customer willing to share performance information

Customer willing to cost share

Existing VAV fume hood and room pressure control system

Hood driven load

Poor existing sash management (based on visual inspection and interview(s))
Low hazard lab with no obvious safety hazards or operational concerns
Easily monitored system

Easily accessible

CoNOR N

UC Davis was selected as the demonstration site and a kick off meeting was held on March
5, 2007.

A final monitoring and evaluation plan was prepared by Cogent Energy dated June 11, 2007
(see appendix). The plan generally followed the draft plan and provided details on the
demonstration facilities, the M&E approach, sources of expected energy and demand
reductions, monitoring equipment to be used, M&E procedures, and trending (monitoring)
points.

VI. Host Site

A. Plant and Environmental Sciences (PES) Lab 1247

Laboratory 1247 is in an area served by one air handler (AHU-4), two exhaust fans (EF-7
and EF-8), and forty four (44) associated terminal units. It is 11 x 32 feet (350 sqgft) and
contains one six foot hood.

Exterior of the Plant and Environmental Sciences Lab

20



£
PES Demo hood prior to retrofit

PES hood prior to retrofit with hose that would not allow sash to close

21



Existing PES hood with VAV control PES Demo hood prior to retrofit (Note sash
(indicating 105 fpm) stop restricts sash opening more than 50%)

Demonstration Fume Hood in PES 1247 (after installation)



B. Genome Building Lab 1010

Laboratory 1010 is an area in the Genome Building served by one air handler (AHU-4), an
exhaust fan (EF-2), and thirty eight (38) associated terminal units. It is 21 x 39 feet (820
sgft) and contains one five foot hood.

Exterior of Genome Building

Demonstration Fume Hood in Genome Building Lab 1010

23



VIL.

Results

A. Energy and Demand Savings

Field measurements were taken for:

Supply air temperature and reheat temperature

Sash position or fume hood exhaust

Supply and exhaust air volume to/from the lab (and hood)
Power and air volume (cfm) of the air handler units (AHUS)
Power of associated exhaust fans

See measurement and evaluation (M&E) plan for details of field measurements.

Data from short term monitoring was used in an energy model to estimate annual energy use
before and after retrofit and estimate energy savings. Assumptions relating to the energy use
have been documented in the M&E Plan included in the Appendix.

1. Key assumptions used:

Chilled water system (including distribution) efficiency: 1 kW/ton for electric driven
chillers, and .15 Therms/ton for gas driven chillers plus .4 kW/ton for auxiliary
electric needs.

Heating system (including distribution) efficiency: 70%

Minimum hood air flow is the equivalent of a 6” sash opening allowing for 25 cfm
per square foot (NFPA minimum) for a 24” deep interior

Sash stops were placed at 18 thus allowing for a potential savings over a 12” sash
travel

The six foot hood in PES has a 5’4” by 36” (max) sash opening, and the five foot
hood in Genome has a 4’4” by 30” (max) sash opening

Combining the above three assumptions:

Airflow in cfm
(at 100 ft/min velocity)
PES Genome
Nominal (max.) 1600 1083
Design (18” sash stop) 800 650
Minimum (NFPA) 267 217
Savings with 12” sash movement | 533 433

Exhaust fan power savings was considered negligible as the fans are constant volume
(with bypass at the roof) to maintain constant discharge velocities

Heating degree hours (based on 63 deg. F supply): 72,000 (compared to 32,000 with

a 55 deg. F supply)

Cooling ton hours (based on 63 deg. F supply): 3 tons/cfm (compared to 6.4 tons/cfm
at 55 deg. F supply)

24



e Utility costs:

UC Davis PG&E
Commercial
Electricity blended per kWh $.066 $.10
Gas per therm $.85 $1.30

e Key assumptions based on field measurements:

PES Genome
Hood cfm savings 402 (inc. to 533)" | 293 (inc. to 433)°
Supply air temperature deg. F | 63 55
Re-heat temperature deg. F 74 (reduce to 70)° | 66.2
Supply fan Watts/cfm .32 75

! PES measured savings of 402 cfm (average) was with reheat valve stuck contributing to increased flow to
maintain room temperature. Assume savings will increase to 533 cfm with valve fixed and hood minimum flow
adjusted per prior table.

2 Genome measured savings of 293 cfm constrained by minimum room ventilation (large lab space with only
one hood). Had the labs airflow been hood driven, the savings is assumed to be 433 cfm per prior table.

® PES reheat supply temperature is high because of a leaking valve. Assume reduced to 70 deg. F when valve
fixed.

25



2. Plant and Environmental Sciences (PES) Lab #1247
Supply and reheat temperatures:

PES 1247 AHU & RH Temperature Profiles

80

== Post-Reheat DAT

—AHU SAT

?5'__.._____/\# __/\-\ M

70 4

Temperature, deg. F

wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww

The average supply air temperature was approximately 63 deg. F and remained reasonably
constant. Likewise the reheat temperature was approximately 74 deg. F and was also
constant. Therefore, the level of reheat was approximately 11 degrees. Note, this is an
excessive level of reheat, and it appears that the reheat valve is leaking (allowing bypass of
undesirable heating water).

26



Sash Position:

PES 1247 Sash Profiles

2117 60%

=% ash % Open (Baseline) m===%ash % Open (Post-Retrofit)

176 50%

149 40%

s 30%

Sash % Open

o 20%

)

The pre-retrofit sash position at PES was constant at 18.” The fume hood was rarely closed
and the stop was never bypassed. This hood has a tall sash so that the stop was providing a
significant efficiency benefit — reducing the nominal hood design air flow approximately
50%. Therefore the sash stop provided 60% of the potential savings (as the hood must have a
minimum air flow even with the sash closed).

The post retrofit sash position is almost always closed. It is used two days in the average
week. Note the above graph illustrates an average opening over an extended period of time.
In reality the sash is opened much more for a short period of time and closes between uses.
This graph better illustrates the consequences of hood use. The hood is at or near the
minimum (NFPA) flow almost all the time. Therefore, the previously described end state
goal is met.

Air flow saved by sash stop: 50%
Air flow saved by auto closure: 33.3%
Minimum air flow: 16.7%

Had sash stops not been deployed on this hood the savings attributed to the auto closure
system would have been significantly more (83% if deployed on a constant volume hood).

Had there been better sash management of the hood such that the existing VAV system was
better utilized, the savings attributed to the auto closure system would have been less.

27



Supply Fan Power:

PES 1247 W-CFM Correlation (with Cutoff)

30,000

25,000 - "

20,000 -

15,000 -

AHU4 SF Watts

10,000 -

5,000 -
¥ = 0.3154x + 14537.4555
R* = 0.4367

Based on AHU Watt and CFM hourly data

& & & &
P A A S A

Post-Retrofit AHU4 CFM

Alrflow Cut-Off

The supply fan power and air flow was monitored over its normal operational range. While
the watts per cfm is actually a curve, the tangent of that curve (linear fit of operating points)
in the operating range yields a slope of only .32 watts per cfm. The average (System) watts
per cfm is .73, more than twice the savings in the operating range. At higher air flows the
curve gets steeper and the watts per cfm would dramatically increase. One reason for the
lack of savings at the margin is the supply system operates at a constant pressure. Instead of
a cubed function, it is closer to linear. It may be possible to significantly improve the savings
by implementing a pressure reset strategy — as the flow rate through the system decreases; the
static pressure set point is also decreased, significantly reducing the load on the fan.
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Lab Air Flow Rates Before and After Retrofit:

PES 1247 Lab CFM - Raw Data
1,800
Supply CFM - Baseline —— Supply CFM - Post-Retrofit
——Total EXH CFM - Baseline ——Total EXH CFM - Post-Refrofit

1,600 4 ——FH CFM - Baseline ——FH CFM - Post-Retrofit
1,400 -
1,200

=

%5 1,000 |

fo

2 i

e

g 200

The air flow rates (supply and exhaust) were reasonably stable before the retrofit. The short
duration of fume hood use is only because that was the period of time the hood was tested,
not that it had zero flow most of the time (see sash position graph). The post retrofit data is
spiky representing increases in general exhaust and supply air in an attempt to cool the space
with 74 deg. F air. Once the reheat valve is fixed and the supply air temperature is reduced,
the air flow should stabilize at the minimum air flow. Note the post retrofit fume hood spikes
represent the few times that the hood is used.
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Average Air Flow Rates Before and After Retrofit:

PES 1247 AHU & Lab Airflow Profiles
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This graph of average airflow rates smoothes out the data making it easier to see the savings.
Airflow at the AHU displays some time of day and time of week fluctuation, but note the
axis starts at 30K cfm; the AHU operates in a relatively tight range of 34K to 37K cfm. Prior
to the retrofit, the air flow into the lab of constant 74 deg. F air was reasonably constant.
After the retrofit (reduction of airflow by approximately 50%) the system has a difficult time
maintaining comfort with a supply temperature of 74 deg. F, so the air flow increases to
accommodate modest cooling loads. This reduced the average savings to 402 cfm. Once the
leaking reheat valve is fixed, the supply air flow to the lab should stabilize at less than 400
cfm (room size is 350 sqgft and minimum hood flow is approximately 217 cfm — room size
governs).
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Energy and Demand Savings:

1. Airflow reduction:

SN

~

10.
11.

12.

13.

14.
15.

a. Before reheat fixed: PES is a six foot hood (approximate 64 opening).
Measured savings was 402 cfm, however as noted the potential savings was
not realized do to a leaking reheat valve causing a demand for excessive
airflow.

b. After reheat fixed: Savings based on 12" of closure and corresponding control
(last 6” used to satisfy minimum flow) yields 533 cfm (Reduced flow =
100fpm x 5.33ft x 1ft = 533 cfm). Given that the reheat is/was always on,
assume capture of the full cfm savings all the time (once the reheat control is
fixed). Any reduction in total exhaust has a corresponding reduction is supply
(assumes no infiltration from the exterior of the building into the lab).

Reheat:

a. Prior to reheat repair: 11 deg F prior to reheat repair, then (11deg x
.018btu/deg/cf x 60min x 8760 hrs/year) / (.7eff x 100,000btu/therm) = 1.49
therms/cfm.

b. After reheat repair: Assume average reheat reduced to 7 deg F: (7deg x
.018btu/deg/cf x 60min x 8760 hrs/year) / (.7eff x 100,000btu/therm) = 0.95
therms/cfm.

Heat outdoor air to 63 deg F. Assume 72,000 heating degree hours. This is
conservative as 100% outside air requires heat at night even when the average
temperature is “neutral.” Saves: 72,000deghrs x .018btu/deg/cf x 60min) / (.7eff x
100,000btu/therm) = 1.11 therms/cfm
Gas cooling: Assume 3 tons/cfm and .15 therms/ton, then .45 therms/cfm
Total annual gas savings:
a. Before reheat fixed = 1.49 + 1.11 + .45 = 3.1 therms/cfm (2.6 w/o gas cool)
b. After reheat fixed = .95 + 1.11 + .45 = 2.5 therms/cfm (2.1 w/o gas cool)
Saving at $.85/therm:
a. Before reheat fixed = $2.64/cfm ($2.21 w/o gas cool)
b. After reheat fixed = $2.13/cfm ($1.79 w/o gas cool)
Fan power: .32 W/cfm, then .32 W/cfm x 8760hrs/1000W = 2.8 kWh/cfm
Electric power w/ gas cooling: Assume 3 ton-hours/cfm and .4 kW/ton then
1.2kWh/cfm
Total annual electric kWh/cfm with gas cooling: 2.8 + 1.2 = 4 kWh/cfm
Savings at $.066/kWh: $.26/cfm
Total savings per cfm with gas cooling

a. Before reheat fixed: $2.64 + $.26 = $2.90

b. After reheat fixed: $2.13 + $.26 = $2.39
Electric chiller option: Assume 3 ton-hours/cfm at 63 deg. supply temperature and 1
kW/ton then 3 kWh/cfm
Total annual electric savings w/ electric chiller: 2.8 + 3 = 5.8kWh/cfm
Savings at $.066/kWh: $.38/cfm
Total savings per cfm with electric cooling

a. Before reheat fixed: $2.21 + $.38 = $2.59

b. After reheat fixed: $1.79 + $.38 = $2.17
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16. Annual UC Davis savings

a. Gas cooling with broken reheat: 402cfm x $2.90/cfm = $1,166

b. Gas cooling with reheat fixed: 533cfm x $2.39/cfm = $1,274

c. Electric cooling with broken reheat: 402cfm x $2.59/cfm = $1,041
d. Electric cooling with reheat fixed: 533cfm x $2.17/cfm = $1,157

17. Demand Savings:

a. Gas cooling: Assume 99 deg. F design temp (peaks higher but not all

summer), therefore the delta T = 99 — 63 = 36 deg F. 36deg x .018btu/cf/deg

X 60min / 12,000 btu/ton =.00324 tons/cfm. With 400 W/ton, then 1.3 W/cfm

for cooling. Add .32 w/cfm for fan power = 1.6 W/cfm demand savings.

With 533 cfm, the hood’s demand savings is .9 kW.
b. Electric cooling: Same as above (.00324 tons/cfm) but 1 kW/ton, therefore,

3.2 W/ctm for cooling. Add .32 w/cfm for fan power = 3.5 W/cfm demand

savings. With 533 cfm, the hood’s demand savings is 1.9 kW.

Table 4

PES Automatic Fume Hood Sash Closure Savings per CFM

(Energy and Dollars)

Configuration PES
Therms | KWh $

Gas Cooled (assumes .15 therms & .4 kW per ton, .7 heating eff., and $.066/kW &
$.85/therm)
1. Base case: 63 deg. F supply, 74 deg. reheat, .32 W/cfm 3.1 4.0 $2.90
2. Fix reheat: reduce to 70 deg. F 2.5 4.0 $2.39
Electric Cooled (assumes 1 kW/ton)
3. Base case (same as #1) 2.6 5.8 $2.59
4. Fix reheat: reduce to 70 deg. F 2.1 5.8 $2.17
5. Same as #4 w/ normal 55 deg. F supply, 70 deg reheat) 1.9 9.2 $2.25

Configuration #5 from LBNL Fume Hood Calculator (http://fumehoodcalculator.lbl.gov/) —

see below
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Table 5
Savings Per Hood Assuming PES Configuration and Davis Utility Rates
(CFM and Dollar)

Configuration Gas cooled Electric cooled
(6 ft. Hood) (6 ft. Hood)

CFM $ CFM $

1. As Found (reheat valve leaking) 402 $1,166 402 $1,041

2. Base (reheat valve fixed) 533 $1,274 533 $1,157

3. Remove sash stops and assume CAV (or 1333 $3,186 1333 $2,893
open VAV) - most energy intensive
scenario

Base is configuration #2 and #4 in Table 4 (assuming reheat fixed — higher cfm savings, but
lower savings per cfm)

LBNL Fume Hood Calculator (http://fumehoodcalculator.lbl.gov/) w/ 55 deq. F Supply and
70 deg. F Reheat (see Sensitivity Analysis for discussion of supply air temperature):

[B¥ LABORATORY FUME HOOD ENERGY MODEL - Mozilla -8 x|
;Ewle Edit View Go Bookmarks Tools ‘Window Help

B‘ﬁk - F;%:rd ™ R:%d ;%% I& http:/ffumehoodcalculator. Ibl. gov/index.php j aSﬁamh ﬂ - ‘

' _/&Homa | ‘!Bookmarks -‘Gaagle Search:

LABORATORY FUME HOOD ENERGY MODEL Links & Sources
Laboratory fume hoods are energy-intensive. They are intended to provide adequate protection for workers conducting experiments or manufacturing

activities within the hoods. The typical fume heod in US climates uses 3.5times as much energy as a home. Thiz web calculator estimates annual fume hood
energy use and costs for user-specified climates and assumptions about operatien and equipment efficiencies. Te create comparative energy-use
scenarios, vary inputs (in blug) in the Azsumptions panel as desired.

Location | Sswrsments, Caifomiz, Unites States = [ ssermanto, Cattomiz, Unites Stat=s =

ASSUMPTIONS Hood 1 Hood 2 ANALYSIS Hood 1 Hood 2 Difference

Energy Prices [1] Flow Rate 200 287 533 CFI
Electricity 0055 0.066 A Cooling & Air-handling

Electricity Demand Chiller Energy [ =] 5104 1,701

Fuel e %5 f'E' ) Fan Energy 2,243 748

Operatien [ 2] 24 24 hriday

Hood Opening (Horizontal) B4 B4 inches Total 74T 2448

Hood Opening (Vertical) E & inches Total Power 21 1o

Face Velocity 100 0 i/min of which Fan 0.3 0.1

Fan Power (supphy/exhaust) [ 3] 32 a2 WICFM of which Chiller 29 1.0

Caau‘ng Plant Efflcle.ncy -_':.5 _':-:- kiiton Heating

Heating System Efficiency ™ percent

HVAC Supply Air Setpoints Supply Load [5] 70 22 47 milion BTU
Heating m EF Reheat Load 37 12 25 milien BTU
Coolin == [E =¥ Total Load 108 38 72 milion BTU

RehealgEnergy 141 Energy (fuel) 154 51 103 milion BTU
Delivery Air Temp. 0 T °F Energy (s ric) i} 0 0 KWh
Energy Typs Fus - || Fu= - Awverage Reheat Power 0.0 0.0 0.0 kW

Total Per-Hood Costs 1802 601 1,202 Slyear
@ \E Cost Per CFM 228 228 0008

L

e b 2 (A & | =,

33




3. Genome Building Lab #1010
Supply and reheat temperatures:

Genome 1010 AHU & RH Temperature Profiles
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The average supply air temperature was approximately 55 deg. F and remained reasonably
constant. The reheat temperature varied depending on the cooling load, but averaged 66.2
deg. F. Therefore, the level of reheat was approximately 11.2 degrees F.
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Sash Position:

Genome 1010 Sash Position - Raw Data
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The pre-retrofit sash position at Genome was constant at 18.” The fume hood was rarely
closed and the stop was never bypassed. The stop was providing a significant efficiency
benefit — reducing the nominal hood design air flow approximately 40%. Therefore the sash
stop provided 50% of the potential savings (as the hood must have a minimum air flow even
with the sash closed).

The post retrofit sash position is almost always closed. Note the spikes in the above graph
illustrate an average opening over a period of time. In reality the sash is opened much more
for a short period of time and closes between uses. The hood is at or near the minimum
(NFPA) flow almost all the time. Therefore, the previously described end state goal is met.

Air flow saved by sash stop: 40%
Air flow saved by auto closure: 40%
Minimum air flow: 20%

Had sash stops not been deployed on this hood the savings attributed to the auto closure
system would have been significantly more (doubled to 80% if deployed on a constant
volume hood).

Had there been better sash management of the hood such that the existing VAV system was
better utilized, the savings attributed to the auto closure system would have been less.
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Supply Fan Power:

Genome 1010 W-CFM Cormelation
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Watts/cfm savings at operating point approximately 50% greater than average w/cfm —
further improvement possible with advanced controls (static reset).

The supply fan power and air flow was monitored over its normal operational range. While
the watts per cfm is actually a curve, the tangent of that curve (linear fit of operating points)
in the operating range yields a slope of .75 watts per cfm. This will be the savings per cfm in
the operating range. The average (system) watts per cfm is .53, indicating that the operating
range in the steep portion of the system curve. At higher air flows the curve gets steeper and
the watts per cfm increases. Even though the savings is higher than the average, it is lower
than expected (e.g. the default in the Fume Hood Calculator). One reason for this low
savings is the supply system operates at a constant pressure. Instead of a cubed function, it is
closer to linear. It may be possible to significantly improve the savings by implementing a
pressure reset strategy — as the flow rate through the system decreases; the static pressure set
point is also decreased, significantly reducing the load on the fan.
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Lab Air Flow Rates Before and After Retrofit:

Genome 1010 Lab CFM - Raw Data
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Supply and total exhaust reduced approximately 300 (293 average) while fume hood exhaust
reduced approximately 400 (expected value: 12x52x100/144=433 assuming a 12" effective
closure). Therefore general exhaust increased approximately 100 to 140 cfm to maintain the
minimum air change rate (approximately 820 cfm with 820 sqgft). The air flow rates (supply
and exhaust) were reasonably stable before the retrofit. The post retrofit data has a few
spikes representing the few times that the hood is used.
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Average Air Flow Rates Before and After Retrofit:

Genome 1010 AHU & Lab Airflow Profiles
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some time of day and time of week fluctuation, but note the axis starts at 16K cfm; the AHU
operates in a relatively tight range of 20K to 22K cfm.
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Energy and Demand Savings:

1.

o No oA

9.

10.
11.
12.

13.
14.
15.
16.

17.

Airflow reduction:

a. Genome is a five foot hood (approximate 52 opening). Measured savings
was 293 cfm average, however as noted the potential savings was not realized
do to the minimum airflow requirements of the lab space. If the minimum
flow was based on the hood only (hood driven) the savings would increase to
433 cfm assuming savings on 12” of closure and corresponding control (last
6” used to satisfy minimum flow). Reduced flow = 100 x 4.33 x 1 =433 cfm.
However, while hood exhaust may have gone down 400 cfm or more, the
room is quite large (relative to one hood) and had to maintain the minimum air
change rate, so the total exhaust (fume hood plus general) only went down
293 cfm.

Reheat: 11.2 deg F (55 to average 66.2 deg F), then savings 11.2 deg x
.018btu/deg/cf x 60min x 8760 hrs/year) / (.7eff x 100,000btu/therm) = 1.51
therms/cfm.

Heat outdoor air to 55 deg F. Assume 32,000 heating degree hours. Saves:
32,000deghrs x .018btu/deg/cf x 60min) / (.7eff x 100,000btu/therm) = .49
therms/cfm

Gas cooling: Assume 6.4 tons/cfm and .15 therms/ton, then .96 therms/cfm
Total annual gas savings: 1.51 + .49 + .96 = 3.0 therms/cfm (2.0 w/o gas cool)
Saving at $.85/therm: $2.55/cfm ($1.70 w/o gas cool)

Fan power: .75 W/cfm, then .75 W/cfm x 8760hrs/1000W = 6.6 kWh/cfm
Electric power w/ gas cooling: Assume 6.4 ton-hours/cfm and .4 kW/ton then 2.6
kWh/cfm

Total annual electric kWh/cfm with gas cooling: 6.6 + 2.6 = 9.2 kWh/cfm
Savings at $.066/kWh: $.61/cfm

Total savings per cfm with gas cooling: $2.55 + $.61 = $3.16

Electric chiller option: Assume 6.4 ton-hours/cfm at 55 deg. supply temperature and
1 kW/ton then 6.4 kWh/cfm

Total annual electric savings w/ electric chiller: 6.6 + 6.4 = 13 kWh/cfm
Savings at $.066/kWh: $.86/cfm

Total savings per cfm with electric cooling: $1.70 + $.86 = $2.56

Annual UC Davis Genome savings

a. Gas cooling: 293 cfm x $3.16/cfm = $926

b. Gas cooling and hood driven minimum: 433 cfm x $3.16 = $1,368

c. Electric cooling with: 293cfm x $2.56/cfm = $750

d. Electric cooling and hood driven minimum: 433 cfm x $2.56 = $1,108

Demand Savings:

a. Gas cooling: Assume 99 deg. F design temp (peaks higher but not all
summer), therefore the delta T = 99 — 55 = 44 deg F. 44deg x .018btu/cf/deg
X 60min / 12,000 btu/ton = .004 tons/cfm. With 400 W/ton, then 1.6 W/cfm
for cooling. Add .75 w/cfm for fan power = 2.3 W/cfm demand savings.
With 433 cfm, the hood’s demand savings is 1 kW.
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b. Electric cooling: Same as above (.004 tons/cfm) but 1 kW/ton, therefore, 4
W/cfm for cooling. Add .75 w/cfm for fan power = 4.75 W/cfm demand
savings. With 433 cfm, the hood’s demand savings is 2.1 kW.

Table 6

Genome Automatic Fume Hood Sash Closure Savings per CFM
(Energy and Dollars)

Configuration Genome
Therms | KWh $
Gas Cooled (assumes .15 therms & .4 kW per ton, .7 heating eff., and $.066/kW &
$.85/therm)
1. Base case: 3.0 9.2 $3.16
55 deg. F supply, 66.2 deg. Reheat, .75 W/cfm
Electric Cooled (assumes 1 kW/ton)
2. Base case (same as #1) 2.0 13 2.56

#2 was based on LBNL fume hood calculator (http://fumehoodcalculator.Ibl.gov/) using

Sacramento weather — see below.

Table 7

Savings Per Hood Assuming Genome Configuration and Davis Utility Rates
(CFM and Dollar)

Configuration Gas Cooled Electric Cooled
(5 ft. Hood) (5 ft. Hood)
CFM $ CFEM $
1. Base (“Typical”) 293 $926 293 $750
2. Hood driven load (all savings captured) 433 $1,368 433 $1,108
3. Remove sash stops and assume CAV (or open 866 $2,737 866 $2,217
VAV) - most energy intensive scenario
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Genome- LBNL Fume Hood Calculator (http://fumehoodcalculator.lbl.gov/) Base Case
with electric chiller and 293 cfm savings (limited by minimum lab air change):

BORATORY FUME HOOD ENERGY MODEL - Mozilla

File Edit View Go Bookmarks Tools Window Help

< . » .2 & nttpsfffumehoadcaleulstor.lbl. gavfindex.h - Search| F +
Back Forward Reload  Stop Iﬁ ttpiffumshoodzalcuiztor bl.gav/index. php J 2 Print

8 “Thhome | ‘!Ecckmarks lGoogIe Search:

LABORATORY FUME HOOD ENERGY MODEL

Links & Sources
Laberatory fume hoods are energy-intensive. They are intended to provide adequate protection for workers conducting experiments or manufacturing
activitiez within the hoeds. The typical fume hood in US climates uses 3.5-times as much energy as a home. Thiz web calculator estimates annual fume hood
energy uze and costz for uzer-specified climatez and azsumptiens about eperation and equipment efficiencies. To create comparative energy-use
scenarios, vary inputz (in tlue) in the Aszumptions panel az dezired
Location | Sacramento, California, United States ;l | Escramento, California, United States ;[
ASSUMPTIONS Hood 1 Hood 2 ANALYSIS Hood 1 Hood 2 Difference
Energy Prices [1] Flow Rate 850 223 293 CFM
Electricity S/Wh Cooling & Air-handling
Electricity Dzmand S=yr Chiller Energy [ 5] 2147 2,281 1,888 Kiiniyear
s o
Fusl 2 smilion BTUN - ¢ Energy 4371 23489 1,922 KWhiyear
QOperation [ 2] hriday o
Hood Opening (Horizontaly inches Total 8418 4830 3,788 Kiniyear
Hood Opening (Vertical) inches Total Power 28 18 1.3 KWhood
Face Velocity ftimin of which Fan 0.5 0.3 0.2 KW/hood
Fan Pawer (supply/exhaust) [3] wCE of which Chiler 23 12 1.1 KWhood
Cooling Plant Efficiency KWiton .
. - Heating
Heating System Efficiency T percent . o
HVAC Supply Air Setpoints Supply Load [£] 21 ih! 10 milion BTU
Heating 55w 55 e °F Reheat Load -] 37 31 million BTU
Conling == =L Total Load 30 49 41 milion BTU
Reheat Energy [4] Energy (fuel) 128 70 59 milion BTU
Delivery Air Temp. F Energy (electric) 0 0 0 kKWh
Energy Type - Average Reheat Power 0.0 0.0 0.0 KW
Total Per-Hood Costs 1,655 910 745 Siyear
Cost Per CFI 255 255 0.008

ﬁ‘ii&m%@]@ﬂ|none | W@Eé
mstartl J Applications Team Web -... | [Fwd: Due 5/26 to EERE... | Fume Hood Caleulator : ... ” LABORATORY FUME H... Sash Closure Report dra. .. J Desktop ** «  2:31PM
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Genome- LBNL Fume Hood Calculator (http://fumehoodcalculator.lbl.gov/) electric

chiller and 433 cfm, savings (not limited by minimum lab air change):

BORATORY FUME HOOD ENERGY MODEL - Mozilla

File Edit

View Go

Bookmarks  Tools

Window  Help

<. 2 .2

Back Forward Reload

Sto)

I@ http:/ffumehoodcalculator.Ibl. gov findex. php
D

P (&Hcme | ‘tEcckmarks -‘Google Search:

LABORATQRY FUME HOQ

D ENERGY MODEL

Links & Sources

Laboratery fume hoods are energy-intensive. They are intended te provide adeguate protection for workers conducting experimentz or manufacturing
activities within the hoeds. The typical fume hood in US climates uses 3.5-times az much energy as a homs. This web calculator stimates annual fume hood
energy use and costs for user-specified climates and assumptiens about operation and equipment efficiencies. To create comparative energy-use
scenarios, vary inputs (in blug) in the Assumptions panel as desired

Location [ Sacramentc, Caiforniz, United States

vI I Sacramento, California. United States

=

Electricity
Fuel

Operation [ 2]

Face Velocity

Heating
Cooling

Energy Type

ASSUMPTIONS
Energy Prices [1]

Electricity Demand

Hood Opening (Horizontaly
Hood Opening (Wertical}

Reheat Energy [4]
Delivery Air Temp.

Hood 1
0.086
85 -2
24 24

B2 B2

100 100

Fan Power (supply/exhaust) [ 3] 75 75
Cooling Plant Efficiency
Heating Sy=stem Efficiency
HVAC Supply Air Setpoints

0086

Hood 2

SKWh
SW-yr
S/millicn BTU
hriday
inches
inches
ftimin
VWCFM
Kiiton
percent

RE-CALCULATE |

ANALYSIS
Flow Rate
Cooling & Air-handling
Chiller Energy [ 51
Fan Ensrgy
Total
Total Powser
of which Fan
of which Chiller
Heating
Supply Load [ 5]
Reheat Load
Total Load
Energy (fuely
Energy (electricy
Average Reheat Power
Total Per-Hood Costs
Cost Per CFM

Hood 1 Hood 2 Difference

650

4,147
4,271
8418
28
0.5
23

pal
63
80
129

217

1382
1424
2,806
(1%:]
02
08

-

43

0.0
552
255

433 CFM

2,765 KWhiyear

2,847 KWhiyear

5,612 KWhiyear
1.9 KWihood
0.3 KW/hood
1.8 KWihood

14 million BTU

48 million BTU

&0 million BTU

28 million BTU
0 KWh

0.0 kW

1,103 Siyear
0.00 8

e W <2 E3 & |

|

[
Fo-[=la

tfstartl J Applications Team Web -... | [Fwd: Due 9/26 to EERE... | Fume Hood Calculator : ... ” LABORATORY FUME H... Sash Closure Report dra. ..

| Deskiop |« 3:30PM
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B. Limitations

Many factors affect the energy use and potential savings relating to laboratory fume hoods.
The UC Davis case studies represented neither the best or worst opportunity. Characteristics
that made them good opportunities included:

VAV was already installed (lowers retrofit cost)
There was poor sash management (hoods left open)

Characteristics that reduced the potential savings included:

Hood density was not high, such that general exhaust and cooling drive the required
air flow (for example in the Genome building the 433 cfm potential hood savings was
limited to approximately 293 cfm because of general exhaust needs

Fume hood air flow was designed around a “restricted sash” - sash stops set at 18,”
thus reducing the potential savings approximately 60% at PES and 50% at Genome
(assuming a 36” max. opening at PES, a 30” max. opening at Genome, and a 24”
counter depth inside the hood at both)

A relatively small five foot hood was retrofitted at the Genome Building at the same
cost, but with much less savings than a larger hood

UC Davis enjoys abnormally low utility rates

Supply fan savings was linear and low (e.g. .32 and .75 watts per cfm vs. typical 1.8)
vs. a theoretical cubed function (static pressure reset could yield significantly more
supply fan savings)

No savings from the constant volume exhaust fans (savings could be increased with a
reconfigured VAV or staged exhaust fan system)
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C. Sensitivity Analysis

1. Steam driven cooling vs. electric driven chillers

UC Davis uses steam absorption chillers as the prime driver for chilled water production.
This has a major impact on the electric energy and demand savings associated with a more
common electric chiller configuration. Therefore, savings was estimated for both scenarios:

Table 8
Automatic Fume Hood Sash Closure Savings per CFM
(Energy and Dollars)

Configuration PES Genome
Therms | KWh $ Therms | KWh $

Gas Cooled (assumes .15 therms & .4 KW per ton, .7 heating eff., and $.066/kW &
$.85/therm)
1. Base case: 3.1 4.0 $2.90 3.0 9.2 $3.16

PES: 63 deg. F supply,

74 deg. reheat, .32

W/cfm

Genome: 55 deg. F

supply, 66.2 deg. Reheat,

.75 Wicfm
Electric Cooled (assumes 1 kW/ton)
3. Basecase (sameas#1) | 2.6 | 58 | $259 | 20 | 13 | 256
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2. Fix PES Reheat

The reheat system at the test lab in PES is stuck at a 74 deg. F supply temperature. If the

reheat valve is fixed it is assumed that the supply temperature could be reduced to 70 deg. F.
This will eliminate the need for additional general exhaust to cool the room and will reduce
the amount of reheat (from 11 deg. to 7 deg. F).

Table 9
Automatic Fume Hood Sash Closure Savings per CFM

(Energy and Dollars)

Configuration

PES

Therms

KWh

$

Gas Cooled (assumes .15 therms & .4 kW per ton, .7 heating

eff., and $.066/kW & $.85/therm)

2. Fix PES reheat | 25 | 40 | $2.39
Electric Cooled (assumes 1 kW/ton)
4. Fix PES reheat: reduce 2.1 5.8 $2.17

to 70 deg F.

3. Standard PES Supply Air Temperature (55 deg. F)

The supply temperature at PES (from the AHU) is set at 63 deg. F; 55 deg. F is a more

standard set point.

Table 10
Automatic Fume Hood Sash Closure Savings per CFM

(Energy and Dollars)

Configuration PES
Therms | KWh $
Electric Cooled (assumes 1 kW/ton)
5. Same as #4 w/ normal 1.9 9.2 $2.25

55 deg. F supply, 70 deg
reheat PES only)

See PES results for a copy of the LBNL Fume Hood Calculator for this configuration.
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4. UC Davis vs. PG&E utility rates

Utility rates for UC Davis are lower than typical PG&E customers. The following estimates
the savings per CFM using standard PG&E commercial rates for gas ($1.30/therm) and
electricity ($.10/kWh):

Table 11
Automatic Fume Hood Sash Closure Savings per CFM, PG&E Rates
(Energy and Dollars)

Configuration PES Genome

Therms | KWh $ Therms | KWh $

Electric Cooled

6. Same as #5 w/ 1.9 9.2 $3.44 2.0 13 3.90
commercial PG&E rates
(.10/kWh, 1.30/therm)

This condition is considered the typical for commercial PG&E lab customers.

PES - LBNL Fume Hood Calculator (http://fumehoodcalculator.lbl.gov/) 55 deq. F
Supply, 70 deqg. F Reheat and Commercial PG&E Utility Rates:

[F LABORATORY FUME HOOD ENERGY MODEL - Mozilla _|&] x|

;E\Ie Edit View Go Bookmarks Tools Window Help

Bﬁd’( - Fu%grd T R%d f‘% I& http:/ffumehoodcalculator. Ibl. gov findex.php j é‘iaarch ;ﬁ - ‘

v hHome | ‘tBookmarks lGaagIe Search:

LABORATORY FUME HOOD ENERGY MODEL Links & Sources
Laboratory fume hoods are ensrgy-intensive. They are intended to provide adeguates protection for workers conducting experiments or manufacturing
activitiez within the hoods. The typical fume heed in US climates uses 3.5-times as much energy az a ho wieb calculator estimates annual fume hood
energy use and costs for user-specified climates and azsumptions about operation and equipment efficiencies. Te create comparative energy-use
scenarios, vary inputs (in blug) in the As. ptions panel as desired.
Location | Ssersmente, Califomis, Unitsd States |2 [ Sserements, Calfemis, United States =l
ASSUMPTIONS Hood 1 Hood 2 ANALYSIS Hood 1 Hood 2 Difference
Eneray Prices [1] Flow Rate 200 267 £33 CFI
Electricity 0.10 .10 Cooling & Air-handling
E'ECIT”C“YDH“E"“ 3 i Chiler Energy [5] 510¢ 1701
e 3 3
Upueratlon [21] 4 24 hriday Fan Energy 2,243 7<8
Hood Qpening (Horizontaly o4 23 inches Total 7347 2,449
Hood Opening (Vertical) i inches Total Power 21 1.0
Face Velocity 100 00 i/min of which Fan 03 0.1
Fan Power (supphyv/exhaust) [ 21 32 B WICFM of which Chiller 28 1.0
HVAC Supply Air Setpoints Supply Lead [ 5] 70 22 47 million BTU
Heating Iﬂ lﬂq: Reheat Load 37 12 25 milion BTU
Coolin = [ [= = Total Load 108 3% 72 milion BTU
RahEaIgEnargy [4] Energy (fuel) 154 1 103 milion BTU
Delivery Air Temp. T T *F Energy (electric) 0 0 0 kWh
Energy Type Fuzl - || Fus= - Awerage Reheat Power 0.0 0.0 0.0 KW
Total Per-Hood Costs 2,748 M6 1,832 Siyear
@ E Cost Per CFM 344 344 0.008

ik ﬂ\.f/@(ﬂ‘%ne | '@@EJ
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D. Economic Analysis

1. System Cost

The automatic fume hood sash closure system is currently being marketed for $5,500 per
hood installed in small quantities. The cost in larger quantities (e.g. a lab building with 80
hoods) was quoted at $4,300 per hood installed. In both cases there may be additional costs
associated with providing electrical power and compressed air at the top of the hood,
decontaminating the hood to allow working in and around it, and repairing the sash operation
(if stuck or sticky). We believe as the market (volume) increases, and potential competitors
enter the market, the price will reduce.

2. Energy Cost Savings

a) UC Davis

A blended electric rate of $.066/KWh and an average gas rate of $.85/therm were used for
analysis of the savings at UC Davis. As described under the sensitivity analysis, UC Davis
has abnormally low rates. UC Davis also uses gas driven chillers which shift electric energy
and demand charges from more commonly deployed electrically driven chillers. Both of
these factors contribute to Davis being an unusual application. The annual savings for PES at
UC Davis was $2.39 per cfm (assuming the reheat is fixed) and $3.16 per cfm at the Genome
Building.

Table 12
Savings Per Hood Assuming Davis Configuration and Utility Rates
(CFM and Dollar)

Configuration PES (6 ft. Hood) Genome (5 ft.
Hood)
CFM $ CFM $

1. Base 533 $1,274 293 $926
2. Hood driven load (all savings captured) 533 $1,274 433 $1,368
3. Remove sash stops and assume CAV 1333 $3,186 866 $2,737

(or open VAV) - most energy intensive

scenario

b) Typical PG&E Laboratory Customer

To address the issue of UC Davis’s low utility rates and gas driven chillers, an analysis was
done assuming standard PG&E commercial rates ($.10/kWh blended, and $1.30/Therm) and
a typical electric driven chiller plant with an efficiency of 1 KW/ton (including distribution).
In addition, PES had a leaking reheat valve wasting heat and increasing the cfm as the system
tried to cool with 74 deg. F supply air. Further, the PES’s AHU supplies air at 63 deg. F vs.
the more standard 55 deg. F. Sensitivity analysis described above, evaluated the impacts of
these factors. A base case for a typical PG&E customer was developed assuming standard
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commercial utility rates, standard 55 deg. F supply temperature, and a properly functioning
reheat system. The annual savings for these typical conditions was $3.44 per cfm for an
application similar to PES and $3.90 per cfm for conditions similar to Genome. Note these
values are below “rules of thumb” that often assume $5/cfm. This is likely due to the mild
climate, high fan efficiency (.32 and .75 W/cfm vs. 1.8 default in web calculator), and no
savings from the exhaust fan (constant volume).

Table 13
Savings Per Hood Assuming Typical Configuration and PG&E Utility Rates
(CFM and Dollar)

Configuration PES (6 ft. Hood) Genome (5 ft.
Hood)
CEM $ CEM $

1. Base 533 $1834 293 $1,143
2. Hood driven load (all savings captured) 533 $1834 433 $1,689
3. Remove sash stops and assume CAV 1333 $4586 866 $3,377

(or open VAV) - most energy intensive

scenario
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Genome - LBNL Fume Hood Calculator (http://fumehoodcalculator.lbl.gov/) 55 deg. F
Supply, 66.2 deq. F Reheat, 433 cfm savings and Commercial PG&E Utility Rates:

IE LABORATORY FUME HOOD ENERGY MODEL - Mozilla -|O ﬂ
' File Edit View Go Bookmarks Tools Window Help |

. - ] asera| - [[]
= — e I\& http:/ffumehoodcalculator.Ibl. gov findex. php Jé'—ml Brint .

- f&Home | thookmarks -‘Google Search:

LABORATQRY FUME HOOD ENERGY MODEL Links & Sources
Laboratery fume hoods are energy-intensive. They are intended te provide adeguate protection for workers conducting experimentz or manufacturing
activities within the hoods. ical fume hood in US climate: 3.5-times as much energy as a home. Thiz web calculator estimates annual fume hood
energy use and costs for =d clmates and assump out eperation and equipment efficiencies. To create comparative energy-use
scenarios, vary inputs (in blug) in the Assumptions panel as desired
Location [ sacramentc, Caifornia, United States =1 [ sacramento, Caiifomia, Uniteq States |
ASSUMPTIONS Hood 1 Hood 2 ANALYSIS Hood 1 Hood 2 Difference
Energy Prices [1] Flowr Rate 6§50 217 433 CFM
Electricity 0.10 0.10 SHWh Cooling & Air-handling
Electricity Demand Sini-yr Chiller Energy [ 5 ] 4147 1282 2,765
Fuel 13 12 Similien BTU i 5
Qperation [ 2 ] 24 24 hriday Ean Eneray 4271 1 ‘“ i% z
Hood Opening {Horizontal) 52 2 inches otal B.418 2806 5612
Hood Opening (Vertical) 18 & inches Total Powser 28 0.8 1.8
Face Velocity o o ftimin of which Fan 0.5 0z 0.3
Fan Power (supply/exhaust) [ 2] '5 = VHCFI of which Chiler 23 08 1.6 Kivihood
Cooling Plant Efficiency 1.00 1.00 KWiton .
= — Heating
Heating Sy=stem Efficiency 0 0 percent " » _
HVAC Supply Air Setpoints Supply Load [ 5] 2 7 14 million BTU
Heating 55 | I £S5 'I-F Reheat Load 63 22 45 million BTU
Cooling == EEk Total Load 30 20 60 millicn BTU
Reheat Energy [4] Energy (fuel) 128 43 25 million BTU
Delivery Air Temp. 66.2 862 °F Energy (electric) 0 0 0 KWh
Energy Type Fusl = || Fus: - Average Reheat Power 0.0 0.0 0.0 kW
Total Per-Hood Costs 2,522 841 1,681 Siyear
Cost Per CFM 3.88 388 0.00 8
e %k o2 ED) & | | o,

i/ start| | B Applications Team Web -... [Fwd: Due 9/26 to EERE/. .. % LABORATORY FUME H... #]Sash Closure Report dra... Desktop * e« 3:35PM
; !

3. Other considerations — new construction

If the automatic fume hood sash closure system is deployed in new construction, and the
design team assumes a small fraction of the hoods are simultaneously open, the reduced
infrastructure (fans, ducts, boilers, chillers, etc.) size and cost will offset the increased hood
control cost.

E. Issues Encountered

Most of the issues that were encountered related to specific site characteristics, for example,
low utility costs, abnormal supply temperatures, and leaking valves. There were no systemic
issues encountered relative to the emerging technology. However, a problem with
misalignment of the sash safety sensor was noted.

Fan savings lower than anticipated: The lack of significant fan savings at the margin (in the
operating range) was a surprise. Fan laws that would put the reduction of power as the cube
of the reduction of flow are often quoted relative to the potential savings associated with

airflow controls. However, what is more important is the system curve and how the system
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is controlled. Both demonstration projects had variable speed drives on the supply fans.
They did respond to changes in the system, however, only to reduce the flow, not the
pressure. Controlling fans to a fixed static pressure is a common strategy but the energy
savings is not nearly as great. As airflow to an individual lab is reduced, the air control valve
closes, increasing the pressure drop to that zone. There is significant potential savings to
reset the static pressure of the system as the airflow requirement is reduced. In PES the
average fan watts per cfm was higher than (over twice) the savings at the margin (operational
range). Thus PES is operating low on the curve where the slope is relatively flat. As the
airflow increases, the system curve (watts per cfm) gets steeper. This is the case at Genome
where the average watts per cfm is lower than the savings at the margin. However, the
average fan power as well as the fan savings in both buildings was lower than the average
watts per cfm found in many laboratory designs.

Sash safety sensor: An “electric eye” sensor along the leading edge of the sash stops the sash
closure if anything is protruding from the fume hood. In this demonstration, the sensors in
both hoods lost alignment and failed within several months of operation. In circumstances
where a sash sensor misalignment occurs, the sash on the fume hood is fully functional
manually, but the automatic closure does not operate. Such a condition could go undetected,
rendering the system ineffective for extended periods of time. This problem was discussed
with the manufacturer who recommended an adjustment to the sensor’s sensitivity.
Adjustments were made and the systems were returned to full operation. The problem seems
less significant in other applications, but monitoring and maintenance is warranted to assure
ongoing savings.

F. Feasibility for wide-spread implementation

The results of these two demonstration projects would suggest that the emerging technology
of automatic fume hood sash closure systems is feasible for wide-spread implementation.

A challenge for wide-spread implementation is understanding the individual baseline and
potential savings under specific applications — how much of the load is fume hood driven (vs.
minimum lab airflow and cooling needs), what are the characteristics of the mechanical
systems, what is the energy savings at the margin (specific operating range), and what is the
existing sash management performance. It is difficult to generalize — every hood will have a
different savings potential.

G. Market size and potential

Fume hoods contribute to approximately 2,495 GWh/year, 574 MW, and 18 Trillion
BTUsl/year in California. The end-state goal is to reduce airflow through fume hoods by
75%. Energy savings is not directly proportional to airflow savings:

1. Two thirds of the KWh and one third of the KW savings are from the fans. In a static
system, fan energy reduces at approximately the cube of the flow. Therefore a 75%
reduction in fume hood flow can result in more energy savings, especially in the main
supply fans which provide air for other purposes than the hoods (the impact will be at
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the margin where flow reductions may have the greatest impact). However, more
sophisticated controls will be required to achieve this potential than were present in
this demonstration project.

2. Fume hoods don’t always “drive” the required air change rate. In labs with few
hoods, other factors such as the minimum air change rate and thermal loads can
dictate the required airflow. In these situations, reductions of airflow through the
fume hoods are “made-up” by increases in the general room exhaust. This was the
case in Genome.

If we assume that 1 and 2 cancel each other out for electricity, the end state goal will result in
a 75% electrical savings, and if we further assume that the savings for natural gas is
discounted 20% (of 75%) to yield a 60% potential savings, the overall potential is:

Saved Electricity GWh/year: 1,871
Saved Peak Power MW: 431
Saved Natural Gas Trillions BTUs/year: 11

This goal will be accomplished through multiple technology options. For example, since its
introduction in the 1980’s, VAV has grown to a large market share in new construction.
Assuming 30% of the hoods installed in California have VAV and 50% of the potential end
state savings is achieved, VAV has already captured 15% of the potential savings outlined
above. Assuming approximately 1/3 of the State’s estimated fume hoods are in the PG&E
territory, and assuming a 35% market share for this emerging technology and a 10% market
penetration per year, the added savings per year is estimated as:

Saved Electricity GWh/year: 22

Saved Peak Power MW: 5
Saved Natural Gas Billions BTUs/year: 200
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VIIl. Conclusions

Table 14
Automatic Fume Hood Sash Closure Annual Savings per CFM
(Energy and Dollars)

Configuration PES Genome
Therms | KWh $ Therms | KWh $
Gas Cooled (assumes .15 therms & .4 kW per ton, .7 heating eff., and $.066/kW & $.85/therm’
1. Base case: 3.1 4.0 $2.90 3.0 9.2 $3.16
PES: 63 deg. F supply,
74 deg. F reheat,
.32 Wicfm
Genome: 55 deg. F
supply, 66.2 deg. F
Reheat, .75 W/cfm
2. Fix PES reheat: reduce 2.5 4.0 $2.39
to 70 deg. F
Electric Cooled (assumes 1 kW/ton)
3. Base case (same as #1) 2.6 5.8 $2.59 2.0 13 2.56
4. Fix PES reheat: reduce 2.1 5.8 $2.17
to 70 deg. F
5. Same as #4 w/ normal 1.9 9.2 $2.25
55 deg. F supply, 70 deg
reheat PES only)
Typical Conditions
6. Same as #5 w/ 1.9 9.2 $3.44 2.0 13 3.90
commercial PG&E rates
(.10/kWh, 1.30/therm)
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Table 15
Savings Per Hood Assuming Typical Configuration and Utility Rates
(CFM and Dollar)

Configuration PES (6 ft. Hood) Genome (5 ft.
Hood)
CEM $ CFEM $

1. Base (“Typical”) 533 $1834 293 $1143
2. Hood driven load (all savings captured) 533 $1834 433 $1689
3. Remove sash stops and assume CAV 1333 $4586 866 $3377

(or open VAV) - most energy intensive

scenario

Base (typical conditions) is configuration #6 in Table 14

Table 16
Demand Savings
Per CFM Per Hood
(533 cfm PES and
433 cfm Genome)
PES gas cooled 16 W .9 kW
PES electric chiller 3.5W 1.9 kW
Genome gas cooled 2.3 W 1 kW
Genome electric cooled | 4.8 W 2.1 KW

The above tables summarize the analysis of the demonstration project and the extrapolation
to more typical practice (both in terms of system configuration as well as utility rates).

At a cost of $4,500 per hood, the simple payback is 1 to 4 years based on the two test
conditions and PG&E commercial rates. 2.3 to 2.5 year payback would be typical for a hood
driven load. Low utility rates and other unique conditions at UC Davis yielded a lower unit
savings and a longer payback.

With the exception of PES’s assumed ton hours of cooling, and heating degree hours (to 63
deg. F), the estimates are based on field test data collected by UC Davis and Cogent Energy,
and LBNL’s web based fume hood calculator, as well as the hand calculations shown.

The fan system at PES provides much less savings at the margin than Genome (.32 W/cfm
vs. .75 W/cfm) and much less than assumed as default in the LBNL fume hood calculator
(1.8 W/cfm). These values result (along with other factors) in a lower overall savings of
$2.39/cfm at PES vs. $3.16 at Genome. Typical industry values are double that, partially due
to the higher fan energy mentioned, as well as higher utility rates. While the savings per cfm
is lower at PES, the tested hood in Genome is smaller (5’ vs. 6°) and the savings in Genome
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is further constrained by a minimum room exhaust (exhaust is not hood driven), so the cfm
savings in PES is much higher than in Genome (533 cfm vs. 293 cfm).

The fan savings could be significantly increased with a static pressure reset strategy (a
potential retro commissioning opportunity).

The reheat in the PES lab is out of control. It looks like the valve is stuck or leaking,
adding approximately 11 deg. F whether it is desired or not. This is particularly a problem
with the abnormally high supply air temperature (63 deg. F vs. 55 in Genome). When the
room temperature rises, a lot more 74 deg. air at is required to maintain comfort, and this
detracts from the savings due to sash control. The savings for reducing the reheat from 74
deg. to 70 deg. is shown in configuration #2 (first table). In calculating the savings per hood,
the potential loss of savings with increased air flow was ignored and we assumed the reheat
would be fixed and that the 63 deg. F supply air could maintain comfort at the minimum flow
rate.

Monitoring and maintenance of the sash safety sensor is required: To assure ongoing
savings, monitoring and alarms should be established to check that the sash is being closed
by the system (continuous monitoring based commissioning). Shortly after the
demonstration period, the sash safety sensor on both hoods lost alignment and rendered the
systems ineffective (reverting to manual control). Such a condition could go undetected. To
improve performance, the sash closure control system itself could be monitored (dry contact
in the control box indicating “obstruction”), or the fume hood exhaust airflow could be
monitored to confirm the exhaust does not exceed the minimum for more than a few hours at
a time. Such a monitoring system would alarm maintenance if potential savings are not
being achieved.

Generic conditions: While the demonstration analysis focused on specific applications at
UC Dauvis, it is desirable to reach more “generic” conclusions. Therefore, the impact of using
electric chillers for both buildings was evaluated. Electric cooling is less expensive than the
existing gas cooling based on the assumptions made (see first table configuration #3+).
Other “normalization” measures included:
e PES was analyzed for a more common 55 deg. supply air temperature (already used
by Genome, see configuration #5).
e UC Davis has abnormally low utility rates ($.066/kWh and $.85/therm) so more
standard commercial rates ($.10/kWh and $1.30/therm) were used to estimate savings
of $3.44 to $3.90/cfm for “off campus” labs (configuration #6).
Even with these adjustments, the mild climate, low marginal cost/savings of supply air, and
no savings on the exhaust air, yields an estimated savings lower than the often quoted “rule-
of-thumb” of $5+/cfm.

The generic savings rates of $3.44 and $3.90/cfm were applied to the actual hood cfm
savings in PES and Genome. As noted, the air change rate in the Genome lab was not hood
driven and the savings was constrained to 293 cfm. Had a 5 ft hood been retrofitted in a
hood driven lab (as in PES), the savings would have increased to approximately 433 cfm
(second table, configuration #2). In both cases, we assumed air flow savings derived from a
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12” reduction is sash height (while staying above the minimum flow assuming a 24” deep
interior).

UC Dauvis already had installed two fume hood efficiency measures:

1. VAV fume hood controls
2. Restricted sashes (sash stops)

The sash stops restrict the sashes from fully opening. This was particularly effective at the
“tall” hood in PES. If the sash stops were not used and the hoods were left fully open (or
CAV hoods were used), the savings would have been much higher (i.e. approximately 1333
cfm for PES, and 866 for Genome). These are extreme conditions and represent the
maximum potential savings from the technology (see second table, configuration #3).

As the table below shows, the increase in minimum airflow required for Genome
significantly detracted from the savings due to the auto closure system:

Approximate breakdown of airflow PES Genome Genome w/ min air
driven by room

Airflow saved by sash stop: 50% 40% 40%
Airflow saved by auto closure system: | 33.3% 40% 28%
Minimum airflow (not savable): 16.7% 20% 32%

Bottom line: At $3.44 to $3.90 per saved cfm (many hoods are higher), a typical 5 or 6 foot
hood would save approximately $1689 to $1834 per year with this emerging technology. If a
static pressure reset strategy is integrated with the retrofit, the savings could be greater. Gas
use dominated the savings (even with electric chillers). Low utility rates at UC Davis reduce
the savings approximately one third. To estimate the savings in a building or set of
buildings, an analysis of the number and size of hoods, as well as the size of the rooms is
required. Savings would need to be adjusted (down) for VAV hoods demonstrating better
sash management, as well as labs with significant heat gain.

IX. Recommendations for Future Work
The following actions are recommended:

1. Develop baselines (e.q. average sash position). Need to develop baselines for various
applications and confirm improvement (time intervals and degree of sash opening by
time-of-day before and after installation). Degree of diversity and opportunity for
savings is generally unknown, and may vary by type of hood application as well as
“corporate culture.” Further the degree to which fume hoods drive the exhaust air
volume (vs. the minimum general exhaust or thermal requirements) is not known.
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Such an analysis would be required to establish market incentive programs. While
two hoods were evaluated in this study, a much more robust sample size is required.
Run side-by-side tests. Independent evaluation of options is needed for the market to
understand and compare competing hood efficiency technologies.

Perform Impact Analysis and Prepare Business Case. Although a potential for
significant energy savings appears to exist, our statewide energy impact analysis is
generalized and hinges on a number of key assumptions. Improved data are needed on
the overall population of hoods, current sales rates, geographical distribution, and
baseline energy use of standard hoods across a range of industry and climatic settings.
Improved energy analysis, coupled with cost-benefit information, should be
assembled into a coherent business case. The potential for retrofit-driven savings and
new market segments (e.g. wet benches) should also be identified and analyzed.
Develop Industry Partnerships. Liaisons should be maintained with industry
organizations (AlA, ASHRAE, Labs21), as well as major design influencers (key lab
planners and specialized A&E firms) and major users of fume hoods (e.g. R&D labs,
and universities).

Information Transfer. Information transfer should include technical guidelines (e.g.
fume hood design/selection guide), education/training (e.g. advanced workshop on
fume hoods), and direct technical assistance (providing customers with access to
technical experts). Outreach activities should include development and maintenance
of a Taming the Hood website, presentations, and publications in professional and
popular literature. A slide presentation is included in the Appendix.

Develop incentive programs. The current retrofit cost is quite high and the savings is
not well understood (see “need to develop baselines”). Utility rebates can be used to
provide market incentives, offset costs, and add credibility, thus increasing market
acceptance.

Product development. More analysis and perhaps some product development on the
sash safety sensor may be warranted. This sensor determines if something is
protruding from the hood to stop the sash from hitting it. The system fails in the
manual mode, and in our demonstration, both hoods failed due to misalignment of the
sensors within several months of operation. At least one competitor uses a pressure
sensitive switch along the leading edge of the sash. While this system is less prone to
misalignment, it could result in experimental apparatus being knocked and perhaps
damaged prior to activating the switch.

X.Appendices

See attached for the following:

moowp

Monitoring and Evaluation Plans
PG&E Brochure

Test Site Solicitation and Requirements
Power Point Presentation

Report to Campus
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A. Monitoring and Evaluation Plans

Preliminary LBNL Plan October 9, 2006
Cogent Plan June 11, 2007 — See Appendix E: Report to Campus
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Automatic Fume Hood Closure System Pilot Test

DRAFT Monitoring and Evaluation Plan
October 9, 2006
Dale Sartor. (510) 486-5988

1. Assess existing sash management
a. Minimum: Observe sash position and interview user(s) to estimate sash
position over 24 hour/7 day period (typical week)
b. Ideal: Sash monitoring or exhaust airflow monitoring to determine typical
sash position over 24 hour/7 day period
c. Develop sash position schedule for typical week
2. Estimate exhaust air flow at various sash positions (including closed)
a. Minimum: Use design data
b. Ideal: Use existing monitoring system
c. Confirm with one-time face velocity measurements
3. Based on1 & 2, develop schedule of:
a. Typical exhaust airflow for test hood
4. Confirm supply airflow responds to changes in exhaust airflow
a. Minimum: Note air velocity at register changes as fume hood sash is opened
and closed
b. Ideal: Use existing supply airflow monitoring system
5. Develop schedule of supply airflow
a. Minimum: Use observations, design data, and engineering assumptions
b. Ideal: Use existing monitoring of airflow or fan motor speed
c. Develop schedule of estimated supply fan airflow
6. Estimate supply fan energy at various air flows
a. Minimum: Use design data and engineering assumptions
b. Ideal: Use existing monitoring of KW or fan motor speed
c. Check with one-time KW measurement
d. Develop schedule of estimated supply fan energy at various flows
7. Based on 5 and 6 develop spread sheet model (schedule) of supply fan airflow and
energy use
8. Monitor KW at supply fan for various sash positions of the test hood
a. If the system is small (change in energy detectable for one hood) and stable
(little variation), differences in fan energy based on test hood sash position
should be captured and used
9. Based on 3, 7, and 8 develop spread sheet model of supply air flow and fan energy as
a function of fume hood exhaust
a. A function of the test hood exhaust (all other hoods constant)
e This model will be used to calculate before and after supply fan energy
use and savings for the test hood
b. A function of the all hoods
e This model is expected to be less robust than the first, but would be used
to estimate savings if all existing fume hoods served by the supply fan
were to be retrofitted with the automatic fume hood sash closure system
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e This model should account for a minimum general exhaust of 1 cfm per
square foot (assuming a completed retrofit would remove the fume hoods
from being the exhaust system “driver”)

10. Assess energy impact of VAV on fume hood exhaust system

a. Exhaust system impact will likely be less than supply and will depend on the
configuration of the system (could be negligible)

b. If potential savings from exhaust fan is not negligible develop similar spread
sheet model as described in 9.

11. Assess cooling system cost as a function of airflow

a. Using design data, engineering judgment, and readily available measured data,
estimate average cooling system efficiency (KW/Ton)

b. Using design data, engineering judgment, and readily available measured data,
develop spread sheet model of estimated cooling energy as a function of
airflow

. Unless better data is available:

e Assume .6 KW/ton overall system efficiency

e Assume 55 deg F supply air

e Use bin temperature data and assume 24 hour operation

12. Assess re-heat system energy cost as a function of airflow

a. Using design data, engineering judgment, and readily available measured data,
estimate average heating system efficiency (%)

b. Using design data, engineering judgment, and readily available measured data,
develop spread sheet model of estimated heating energy as a function of
airflow

C. Unless better data is available:

e Assume air handler supply air temperature reduced to 55 deg F at outdoor
conditions above 55 deg F

e Assume re-heat (zone supply) temperature is 65 deg F

e Assume 70% overall heating system efficiency

e Use bin temperature data and assume 24 hour operation

13. Assess post retrofit sash management

a. Minimum: Monitor sash closure system to determine minutes per week that
the sash is open. Observe sash position and interview user(s) to estimate open
sash position

b. lIdeal: Sash monitoring, exhaust airflow monitoring, or monitor on auto sash
closure system will determine sash position over 24 hour/7 day period (typical
week)

c. Develop sash position schedule for typical week

14. Using schedules and models developed for exhaust and supply airflow, and energy
consumption for fans, cooling plant and heating plant, estimate energy consumption
and savings

a. Based on one hood retrofit (test condition)

b. All hoods retrofitted

15. Visit the site to review system in operation. Interview available facility managers and
users (operators) to determine acceptance, strengths and weaknesses of the automatic
fume hood closure system.
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B. PG&E Brochure
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Auto-closure Fume Hoods

Description:

Fume hoods are a major energy drain in California. Poor management
leads to high demand in electricity. Surveys have shown that most
operators leave the hoods fully open all the time. Some new technologies
are emerging to automatically optimized the sash position in function of
the activity.

Fume Hood Energy Consumption

The consumption of a single fume hood
equals three homes

Auto-closure fume hoods with
occupancy detection

The numbers :

B About 28,000 fume hoods in PG&E territory

B 800 GWh/year, 190 MW, 60 Millions Therms

B 35% of the energy may be saved

B With 10% market penetration per year we expect 14
GWh/year of additional savings each year

The project:

The project will assess and demonstrate the use of an auto-closure fume-
hood in a typicall laboratory environment: acceptance, integration in the
laboratory work process and actual energy performance would especially
be evaluated.

The project will be performed during the second part of 2006.
Collaboration with an SCE project run at Amgen.

Looking for participants:
The requirements are:

- High Fume hood intensity laboratory (the hoods drive the outside
air requirement)

- Fume hoods with VFD equiped fans to adjust the airflow to the sash
position.

- Consistent work load to compare the tested fume-hood and the
baseline
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C. Test Site Solicitation and Requirements
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PG&E and LBNL Looking for Fume Hood Auto Sash Closure Demo
Site

PG&E and LBNL have initiated a project to demonstrate an emerging fume hood technology.
The technology automatically raises and lowers the fume hood sash depending on the user’s
presence and preferences. A host site is being sought.

The technology works in conjunction with an existing VAV fume hood control system to
maximize energy efficiency and laboratory safety. The outside make-up air in the
demonstration lab must be driven by the fume hood exhaust requirements. The
demonstration will document the reduction in outside air and resulting energy savings. It
will be done at a PG&E customer facility, and will require some cost sharing by the host site.

If you are looking for ways to reduce the cost of operating fume hoods at your facility and
would consider participating in this demonstration, please respond to this e-mail or contact
Francois Rongere at PG&E (415-973 6856), or Dale Sartor at LBNL (510-486-5988).

Thank you for your consideration.

Opportunity to Work With PG&E and LBNL
On Demo of Fume Hood Auto Sash Closure

There is still an opportunity for a laboratory owner to participate in the demonstration and
evaluation of an emerging fume hood technology. PG&E and LBNL have initiated a project
to demonstrate an off-the-shelf technology that automatically raises and lowers the fume
hood sash depending on the user’s presence and preferences. A host site is being sought.

The technology works in conjunction with an existing VAV fume hood control system to
maximize energy efficiency and laboratory safety. The outside make-up air in the
demonstration lab must be driven by the fume hood exhaust requirements. The
demonstration will document the reduction in outside air and resulting energy savings. It
will be done at a PG&E customer facility, and will require some cost sharing by the host site.

If you are looking for ways to reduce the cost of operating fume hoods at your facility and
would consider participating in this demonstration, please respond to this e-mail or contact
Alicia Breen at PG&E (415-973-0317), or Dale Sartor at LBNL (510-486-5988).

Thank you for your consideration.

63



Automatic Fume Hood Closure System Pilot Test
Site Requirements and Selection Criteria
October 9, 2006

Dale Sartor, (510)486-5988

Requirements:

10. PG&E Customer
11. Customer willing to share performance information
a. Anonymity acceptable but not preferred
12. Customer willing to cost share
a. Purchase and install system (approximately $5K)
b. In-house effort to support project
13. Existing VAV fume hood and room pressure control system
14. Hood driven load
a. Closure of hood results in reduced supply airflow to lab and reduced supply
fan horse power
15. Poor existing sash management (based on visual inspection and interview(s))
16. Low hazard lab with no obvious safety hazards or operational concerns (this does not
imply any type of formal evaluation)

Desirable traits:

1. Easily monitored system, e.g. existing:
a. Sash position or exhaust airflow monitor
b. Supply airflow and temperature monitors
e OQutside air
e Supply air
e Reheat
c. Supply fan energy (watts) or speed calibrated to watts
2. Easily accessible
a. Bay area location
b. Limited security requirements
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D. Power Point Presentation

Taming the Hoods:

Approaching Maximum Polential Savings
Using an Automatic Fume Hood Sash
Closurs Systems

Saplerier I3, 2000
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1. Reduce the number and size of hoods

*  Ske dctridubion for ample
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+ Inctall coly noods resded
mmediataly
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2. Restrict sash openings

Combination

Horlzontal sashas

Sash stops
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2. Restrict sash openings
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5. Wariable air volume (VAV)
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5. WAV sash management
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6. High Performance Hoods
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[ OO
Laboratory Fume Hood Testing for Safety

Smoke in Supply Plenums. ..

Exhaust:
40% “normal™
flow

Ejactor:
aU'min.

Braathing Zone:
18 Inches

Laboratory Fume Hood Testing for Safety

Smoke visualization test at 30% “normal” Now

gy —

7. Combination VAV and Sash
Management Using an Automatic
Sash Closure System

The New-Tech
Automatic Sash
Positioning System

UC Davis démonslra on project
Objectives:

¢ Demonstrate and evaluate an autlomated

fume hood closure system. The project

involved retrofit of two VAV controlled

fume hoods. The project will:

- Demonstrate and evaluate emerging
technology

- Document baseline and post retrofit
conditions

- Estimate actual energy and demand impadt

- Demonstrate operator acceptance of the
automatic sash closure systam

- Promote the project and the use of aute

closure fume hoods (subject to positive test
results )

ey oa —

Host Site:
Plant and Environmental Sciences (PES)

— e

PES Lab 1247

® 11 x 32 fect (350
sqft)
* One six foot hood

e p—
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PES Lab 1247

* PES hood prior
to retrofit

PES Lab 1247

e Existing PES hood
with VAV control

PES Lab 1247

* PES demo hood with
sash stop

B

Host site:
Genome Building

Genome Lab 1010

® 21 % 30 feat (820
sqft)

* Ona five foot hood

ey Sa—_ W
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Field Measurements

& Siupphly air tempearature and rehaalt
lemperalbure

® Sash position or fume hood exhaust

Supply and exhaist air volume b/ from

the lab {and hood)

Power and air volume (cfm) of the air
hanmdler units (AHD=)

Power to exhaust fans

g w2

PES supply and reheat temperatures

AP EREEYF =

E—

PES supply fan power

x;rl N

g s g

Average PES airfllow rates bafore and after

- [ [y ea—
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Genome supply and reheat temperatures
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Genome sash position
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Average Genome airflow before & after
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Key measurements:

7E8 Cenome
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Sepoly fon ‘Wattedm 2 4

* No cxhaust lan savings
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Key assumptions:

1 kW /ton for electric driven chillers

.15 Therms fton for gas driven chillers + .4
kW /ton for auxiliary electric necds

70% heating system efficlency

Minlmum hood alr flow 25 cIm per square foot
{NFPA minimum) for a 24" decp interior

Sash stops at 18~

Potential savings over a 127 sash travel
$°47 by 36” (max) sash opening in PES
4°47 by 30" (max) sash opening in Genome

Combining the above three assumptions

Airflow assumptions:

Lirlow inefn

PES | Gemome
Nemmlime ) &) | 1085
Design (13" sas™ stopl 30
Mnirun (NFPA) x
Savigs with | 2 st movement LX)

e

Utility rate assumptions:

T Dava ik
Commesgial
Elscriy Mended cer K'WR | 5066
Cias per thersy 3K 5130
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PES savings per hood
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PES annual savings per cfm
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PES savings
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Genome annual savings per cfm
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Genome savings per hood

Casligarsien Gas Canbert Fiaork Coabesd
WAL Maway WA Pewady
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Genome savings

RTSNY i : "|

Sl dey

Positive characteristics

* WAY was alicady instalied (lowers retioflit cost)

* Ihere was poot sash mansgement (hoods lefl open)

ey a

Negative Characteristics
Low hood density
- perwa exhauyt ax

drve the requred ar Now

- Canarra's & m potectal svegs b=ited to approsimately 293 <fm

Sash stops reduce potential savings
a0% ot PES

- S0% & Gero

Small hood saves less than a larger hood {same cost)

Low UC Davis utility rates

Supply Tan savings was linear and low

75 wmatis por of = va

cal cubed function nat reslised

pressure resat coud yekl oo sesitgs

No savings from the constant volume exhaust fans

- Lasings couk! ba ruosased with B recorfigored syslem

p———

Sensitivity Analysis

* Steam driven cooling vs. electric driven chillers

& Fix PES Reheat

* Standard PES Supply Alr Temperature (55 deg. F)
* UC Davis vs. PGAE utility rates

- Basm cosa (lypcal) for commercal PCAE customens

[ —
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Airflow savings and minimum airflow
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Demand Savings

Per CFM Per Hood
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and
433 oz Gezome)
PES gas cooled 1AW SEW
PES electric chillar ISW Lo kW
Genoms £35 cooled 13IW LEW
Genows slecoic cecled |43 W 21EW

[ —

"Typical” savings per c¢fm
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"Typical” savings per hood
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Typical cost per hood

« Small quantities {1-2 test):
- $5,500

* Larger quantities (lab building ):
- 34,500

* Plus miscellaneous costs:

- Elect

o

- Cor

= Dwcontammneton

- Rapeir of sash cpesatior
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New Construction

® Reduced cost of Infrastructure { ducts, fans,
bollars, and chillers ) will ofiset higher cost of
Tumie hood controls

ey S

Recommendations for UC Davis

Flx rehsat valve In PES

Implement statlc pressurs reset controd on supply
fans

Commilsslon fums kood and lab conirols to
mdnd milze aocessive {minkmum) alrflow
Evaluate optimum supply akr temperature

- BXdag. F =
Bif vehm

mices ratuet, bt ingy signiTeanly incraes

{ and ssslng
Monitor sash safety sersor

ey e o

Issues Encountered

Low utllity cost
Abnormal Supply alr temperaturs
Loaking reheat walve

Low fam anargy savings

— Spvinggs doser 1o inmar then cibed funciion

- Sewifagae al e mergr kvwas than seerega (FES)
— Simiic prassura reset could help

Sash saleby sansor alkgnment /sensithity

The emerging technology of automatic
fume hood sash closure systems appears
feasible Ffor wide-spread implameantalion

ey e —

Recommendations to PG&E

* Develsp basalimes {eg. aversge sash position)
# Rum slde-by-skde tests

= Ferform impact analysls and prepare business
case

# Develop ndustry partnerships

Indormation tramsier
= Davelop ncentive programs

Resource,..

Fumse Hood Energy Calculator: | The cakeulstorn cun ba used
o 1 banl 1he emergy and couwl

impacis of Imgraving

g
lans or mpaze condilicning
3, medifping faze
wvalecilias, and sarging
energy pricem. Supply Wr
ol poinle S Be varked,
ar Iha Eppea ol iehesd
emergy. Sawecdl husdress
weuther localizne srcurd
the warld e

o Bwo #SEnanos

Calculator wed sire:

Ay Smmad T

Contact Informatiomn:

Cale Sarler, PLE.

Lawrence Berkeley Hatlonal Laboratory
dpplcatinons Team

M5 203111

Unlwersity of Calfcrmia

Berkeley, CA 94720

(510) 486-50EE6
hittg: frAteam. LEL. gov

ey e 7T
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E. Report to Campus
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Backqground

Two automatic fume hood sash closure devices were installed on a trial basis in two UC Davis
laboratories. One each were installed in Genome Laboratory #1010 and Plant and Environmental
Sciences (PES) Laboratory #1247, as part of an automatic fume hood closure pilot project. The
primary objectives of the pilot project were as follows:

¢ [Evaluating the feasibility of installing sash closure devices on fume hoods.

¢ [Estimating the energy and demand impact of such a device, per the measurement &
evaluation (M&E) plan dated June 11, 2007.

e Evaluating savings from auto closure device applied to both variable air volume and
constant volume fume hoods.

Pacific Gas and Electric Company in conjunction with Lawrence Berkeley National Laboratory
(LBNL) is compiling the results of this pilot project as applicable to institutional and non-
institutional clients. The project background, technology being evaluated, Measurement and
Evaluation (M&E) methodology, energy analysis, economic analysis and sensitivity analysis will
be described in their report.

This report summarizes the energy and cost savings as applicable for UC Davis for the two test
sites.

Appendix A and B include the profiles developed for analysis purposes as part of this project.
The data behind these profiles was utilized in the energy models to accurately simulate the air
handling systems with and without automatic fume hood sash closure devices installed.
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Savings Summary

Table 1 and Table 2 provide a summary of the estimated energy and cost savings associated with
the installation of a sash closure device for one fume hood each in PES #1247 and Genome
#1010. The savings estimates were performed for two scenarios. The first (Table 1) assumes the
use of steam absorption chillers as the prime mover for providing chilled water for the associated
air handling units (AHU). The second (Table 2) assumes the use of centrifugal chillers as the
prime mover.

The savings listed in these tables have been estimated based on customized energy models
developed to simulate the HVAC energy use of the systems serving the test site at each building.
These systems include:

*  Genome Building — AHU-4, Exhaust Fan EF-2 and forty four (44) associated terminal
units

= PES Building - AHU-4, Exhaust Fans EF-7 and EF-8 and thirty eight (38) associated
terminal units

Table 3 and Table 4 illustrate the estimated savings and costs associated by extrapolating the
results from Table 1 and Table 2 to all the associated fume hoods on the AHU serving the pilot
laboratories.

A blended electric rate of $0.066/kWh and an average gas rate of $0.85/therm have been used for
this analysis. Other assumptions relating to the energy use have been documented in the M&E
Plan developed for this project and is included in Appendix A.

Data and input profiles from the measurement and evaluation process are included in Appendix B
and Appendix C.
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Table 1. Estimated Energy and Cost Savings from one Auto Sash Closure Retrofit (using Steam Absorption Chillers at Chiller Plant)

Steam Absorption Chiller

- B ine Post-Retrofit Savings
Utility Rate .
Schedule Location Cooling | Cooling | Cooling | Heating Cooling | Cooling Heating Cooling | Cooling | Cooling | Heating Cost Cost Payback
Fan kWh Aux. kWh kWh therms | therms Fan kWwh Aux. kWh kWh Cooling therms therms Fan kWh Aux. kWh kWh therms | therms Savings byrs)
PES 1246 | 329,941 | 55,725 0 20,897 84,978 | 328,826 | 55,255 0 20,721 83,939 1,115 470 0 176 1,039 [$ 1,137 $6,594 5.80
Davi
avis ?:1noome 506,284 | 58,189 0 21,821 40,093 | 504,348 | 57,344 0 21,504 39,541 1,936 844 0 317 552 $ 922 $6,594 7.15
Table 2. Estimated Energy and Cost Savings from one Auto Sash Closure Retrofit (using Centrifugal Chillers at Chiller Plant)
Centrifugal Chiller
Utility Rate Location Baseline Post-Retrofit Savings Cost Payback
Schedule Cooling | Cooling | Cooling | Heating Cooling | Cooling " Heating Cooling | Cooling | Cooling | Heating . Cost
Fan kWh Aux. kWh| kWh therms | therms Fan kWh Aux. kWh| kWh Cooling therms therms Fan kWh Aux. kWh kWh therms | therms Savings byrs)
PES 1246 329,941 55,725 83,587 0 84,978 328,826 55,255 82,883 0 83,939 1,115 470 704 0 1,039 $ 1034 $6,594 6.38
Davis 1G:1noome 506,284 | 58,189 87,283 0 40,093 | 504,348 | 57,344 86,016 0 39,541 1,936 844 1,267 0 552 $ 737 $6,594 8.95

Table 3. Estimated Economic Summary from retrofit of all associated fume hoods on the AHU serving the pilot laboratory (using Steam
Absorption Chillers at Chiller Plant)

Steam Absorption Chiller

Utility Rate Baseline Savings
Location . . . . . . . Cost Payback
Schedule Cooling | Cooling | Cooling | Heating Cooling | Cooling . Heating . Cost
FankWh |\ x. kWh| kwh | therms | therms | T2" KWh aAux kwh| kwh | Coolingtherms| o ims | Savings (yrs)
PES 1246 | 329,941 | 55725 0 20,897 | 84,978 | 42362 | 17,846 0 6,692 39,478 | $43,218 | $174,800 4.04
Davis 1G:1"0°me 506,284 | 58,189 0 21,821 | 40,003 | 85188 | 37,152 0 13,932 24,304 | $40,575 | $202,400 4.99
Table 4. Estimated Economic Summary from retrofit of all associated fume hoods on the AHU serving the pilot laboratory (using
Centrifugal Chillers at Chiller Plant)
Centrifugal Chiller
- Baseline Savings
USt::ZdT::ze Location Cooling | Cooling | Cooling | Heating Cooling | Cooling Heating Cost Cost Payback
FankWh |\ x. kWh| kwh | therms | therms | T2" KWM aux kwh| kwn | Coolingtherms| o ims | S3Vings (yrs)
PES 1246 | 329,941 | 55,725 | 83,587 0 84,978 | 42362 | 17,846 | 26,769 0 39,478 [ $39,297 [ $174,800 4.45
Davis $:1“0°me 506,284 | 58,189 | 87,283 0 40,093 | 85,188 | 37,152 | 55,728 0 24,304 | $32,411 | $202,400 6.24
Cogent Energy
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Backqground

As part of a pilot project to demonstrate and assess the effectiveness of automatic fume hood sash
closure devices, Cogent Energy has developed this Monitoring & Evaluation Plan. The purpose
of the Plan is to outline the methods that will be used to estimate the energy and demand savings
realized from the trial installation of two of these devices in campus laboratories. The application
of this device is intended for two position and Variable Air Volume (VAV) type laboratory
airflow control systems.

The automatic fume hood closure device operates by closing the sash after a set interval (typically
one minute, adjustable) if it does not detect an occupant or any activity in front of the fume hood.
The device is intended to reduce fume hood exhaust airflow which should lead to a reduction of
supply airflow.

It is expected that lower supply airflow will result in lower cooling and heating (including reheat)
energy use. Energy and demand savings would be realized at the fans and in the central plant
cooling and heating systems. Note that energy savings at the hot water and chilled water
distribution pumps are assumed to be negligible and are not included in the savings boundary of
this project.

The primary requirements for choosing the test sites were that they contain VAV type laboratory
airflow control systems including Direct Digital Controls (DDC) on the supply and exhaust for
airflow monitoring. After investigating a number of possible options such as Life Sciences
Addition, CCM and Equine AC Lab (Maddy Lab) the project team selected PES #1247 and
Genome Lab #1010 as pilot test sites.

PES Lab #1247 is an 11 foot by 32 foot laboratory with one 6 foot fume hood. Supply air is
delivered to the room by air handler AHU-4 and regulated by a make-up air valve. Fume hood
and general room exhaust is provided by a general exhaust air duct served by two constant-
volume exhaust fans EF-7 and EF-8. There are 43 other make-up air valves on AHU-4 (total 44).

Genome Lab #1010 is a 21 foot by 39 foot laboratory with one 4 foot fume hood. Supply air is
delivered to the room by air handler AHU-4 and regulated by a variable air volume terminal.
Fume hood and general room exhaust is provided by a general exhaust air duct served by one
constant-volume exhaust fan EF-2. There are 37 other VAV terminals on AHU-4.

Facility Contact Information

Elaine Bose

Safety Coordinator
Department of Plant Sciences
UC Davis

Davis, CA 95616

(530) 752-6915
eabose@ucdavis.edu

Debbie Decker

Campus Chemical Safety Officer
EH&S

167 Hoagland Hall, UC Davis
Davis, CA 95616

(530) 754-7964
dmdecker@ucdavis.edu
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Project Objectives

The primary objectives of the automatic fume hood closure pilot project are to:

e Evaluate the feasibility of installing sash closure devices on fume hoods.
e Estimate the energy and demand impact of using this device via this M&E process.

o Evaluate savings of VAV vs. constant volume hood control, and savings from auto
closure vs. both existing VAV and constant volume operation.

The following sections present the methodologies that will be used to estimate the energy and
demand impact of utilizing this device, specific to the two test sites.
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Monitoring and Evaluation Approach

The approach described here uses monitored data along with other observations, assumptions,
calculations, and documentation to define baseline performance, and to estimate energy savings
that are attributable to the project.

Sources of Expected Energy and Demand Reductions

It is expected that through the application of this technology, energy and demand reductions will
be realized in the following systems:

1. PES
i. Supply fan energy and demand due to reduced airflow

ii. Cooling energy (via chilled water, measured in ton-hours) due to reduced
ventilation rates (as this is a 100% outside air system)

iii. Heating energy (including reheat) due to reduced ventilation rates
2. Genome Building
1. Supply fan energy and demand due to reduced airflow

ii. Cooling energy (via chilled water, measured in ton-hours) due to reduced
ventilation rates (as this is a 100% outside air system)

iii. Heating energy (including reheat) due to reduced ventilation rates
Note:

1. Exhaust Fans at both building are single speed constant volume type and minimal energy
savings are expected.

2. Chilled Water pumping and cooling tower heat rejection energy savings at the central
chiller plant and building level are included in the overall chiller plant kW/ton usage.

3. Hot water pumping energy savings at the building heating plants are not included.

Monitoring Equipment

The majority of the operational data for both test sites will be gathered using the existing Siemens
Apogee Energy Management System (EMS). Please refer to the control points list in Appendix A.

Additionally, portable data loggers will be used to estimate the amount of heating (or reheat) by
measuring the temperature difference across the reheat coil (combined with air flow from the
EMS).

The fume hood face velocity will be spot checked during a field visit for both test sites.

The total fan supply airflow will be measured using the EMS for both test sites. The supply CFM
for all the terminal units (or make-up valves) supplied by the test AHU will be added to arrive at
the total supply airflow. Supply fan kW will also be made available through the EMS.

It is expected that a reasonable variation in AHU supply airflow and kW will be visible in the
collected trend data and that data will be used to determine the change in power for a
corresponding change in CFM in the operating range of the AHU i.e., a marginal AW/ACFM
parameter will be arrived at for both test sites.
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Spot measurements of the exhaust fan kW will be conducted for both sites over the natural
operating range (morning vs. late afternoon) to confirm the assumption that the exhaust fan kW is
relatively constant for the single speed exhaust fan motors.

Temporary monitoring equipment will be installed at the test site at PES to determine the fume
hood sash position in order to estimate the fume hood exhaust airflow using an average face
velocity of 100 feet per minute.

Monitoring and Evaluation Procedure

The intent of this M&E procedure is to estimate the energy and demand impact of using this
device and will be divided into the four following steps:

STEP 1 - Establish baseline operational profiles for fume hood sash position

STEP 2 - Establish operational profiles with sash locked at full open

STEP 3 - Establish post retrofit operational profiles for fume hood sash position

STEP 4 — Establish supply/exhaust airflow profiles and estimate annual energy use for
STEPS 1, 2 and 3 and calculate energy savings

The process is aimed at developing baseline operational profiles (STEP 1) for the sash position.
Corresponding profiles will be developed during STEP 2 (sash locked at the full open position)
and STEP 3 (post retrofit). These profiles will then be extrapolated to annual profiles based on the
measured data with the assumption that the sash usage during the monitored period is
representative of typical use.

The corresponding AHU supply and exhaust airflow profiles will be developed during STEP 4 in
the following manner.

AHU Supply Airflow profile

The AHU supply airflow needs to be determined for developing the AHU supply airflow profile.
This control point was programmed in the EMS on May 25, 2007 after the automatic sash
positioner installation on May 24, 2007. Thus AHU supply airflow data for the AHU is not
available for the baseline or sash full open conditions.

The AHU supply airflow profile for a typical week for STEP 3 (post retrofit) will be developed
using the trend data from May 25, 2007 onwards.

Lab supply airflow data for the baseline period (STEP 1) prior to the installation of the automatic
sash positioner will be utilized to develop an hourly lab supply airflow profile. The difference in
CFM between this profile and the hourly lab supply airflow for STEP 3, will be added to the
AHU supply airflow profile from STEP 3 to establish a supply airflow profile for STEP 1.

Sustained trending over a week or two week period is not critical for STEP 2 as the fume hood
will be full open and it is expected that the lab airflow will remain relatively constant. The fume
hood will be locked open for a few minutes and the difference in lab supply airflow at such
condition to the lab supply airflow from STEP 1, will be added to the AHU supply airflow profile
from STEP 1 to establish a supply airflow profile for STEP 2.

Exhaust Fan Airflow profile

At PES, the exhaust fans EF-7 and EF-8 are dedicated to AHU-4 (which serves lab #1247) and
the exhaust fan airflow profile for STEP 3 will be developed using the total exhaust airflow
control point made available in the EMS on May 25, 2007.
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At Genome, the exhaust fan EF-2 is not dedicated to AHU-4 (which serves lab #1010) and the
exhaust airflow will be estimated either by (1) adding up the supply vs. exhaust offsets for each of
the labs served by AHU-4 or (2) mathematically using the spot measurements of exhaust fan kW
and engineering calculations.

It is assumed that there will be little or no change in the exhaust fan airflow and the exhaust fan
airflow profile developed for STEP 3 will be utilized for STEP 1 and STEP 2.

Also in STEP 4, a customized energy model (spreadsheet based bin simulation) will be developed
to estimate the annual energy use of the post retrofit condition based on the operational profiles
developed in STEP 3 and STEP 4. The monitored points such as AHU supply air temperature and
heating (including reheat) temperature will be utilized in the model to simulate the observed
conditions as accurately as possible. Total fan airflow will be determined and utilized as
described in the Monitoring Equipment section.

Also, the same model will be utilized to estimate the annual energy use corresponding to STEP 1
and STEP 2 by simply inserting the operational profiles developed for those “STEPs” and using
the marginal AW/ACFM parameter as applicable. The differences in annual energy use estimated
by the models for the different “STEPs” will determine the energy and demand savings.

The following steps apply to both sites unless specifically noted.
STEP 1 - Establish baseline operational profiles
1. Assess baseline (restricted sash) sash management and develop sash position profile

a. Sash monitoring or fume hood exhaust airflow monitoring to determine typical
sash position over a one or two week period
b. Develop sash position schedule for typical week

Note: Control points for sash position and fume hood airflow as well as general exhaust
airflow are available at Genome building EMS. Temporary monitoring equipment to
determine sash position and an assumed face velocity (at 100 fpm) will be used to
establish the sash position and fume hood exhaust at PES.

2. Develop operational profiles for supply/exhaust airflow

a. These will be developed in STEP 4.

STEP 2 - Establish operational profiles with sash locked at full open
1. Assess sash management (Note: this is not applicable as the sash will be forced to remain
full open during this period).
2. Develop operational profiles for supply/exhaust airflow

a. These will be developed in STEP 4.

STEP 3 - Establish post retrofit operational profile

1. Assess post retrofit sash management and develop sash position profile

a. Sash monitoring or fume hood exhaust airflow monitoring to determine typical
sash position over a one to two week period
b. Develop post-retrofit sash position schedule for typical week
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Note: Control points for sash position and fume hood airflow as well as general exhaust
airflow are available at Genome building EMS. Temporary monitoring equipment to
determine sash position and an assumed face velocity (at 100 fpm) will be used to
establish the sash position and fume hood exhaust at PES.

2. Develop post-retrofit operational profiles for supply/exhaust airflow

a. These will be developed in STEP 4.

STEP 4 - Calculate energy savings

1. Develop operational profiles for supply/exhaust airflow as explained in the Monitoring
and Evaluation Procedure section.

2. Develop customized energy model to simulate energy use for STEPS 1, 2 and 3. The
model will account for supply fan energy, exhaust fan energy, cooling energy and heating
(including reheat) energy in the following manner.

a. Supply Fan Energy - Estimate supply fan energy using the supply airflow profile
for the STEP 3 and the marginal AW/ACFM parameter for STEP 1 and STEP 2.

Note: Fan kW and AHU CFM will be monitored directly using the EMS at both
buildings. The marginal AW/ACFM parameter developed during STEP 3 will be applied
to the additional airflow in STEP 1 and STEP 2 to estimate additional fan KW.

b. Exhaust Fan Energy — Estimate exhaust fan energy using spot measurements of
motor kW. Both buildings have single speed constant volume type exhaust fans
and exhaust fan energy will remain relatively constant. Also, exhaust fan energy
is not expected to change much between STEPS 1, 2 and 3.

Note: Where more than one exhaust fan is connected to a common plenum, exhaust fan
energy will be calculated using design data and engineering calculations.

c. Cooling energy - Estimate cooling energy using the supply airflow profiles for
the respective STEP, Outside Air Temperature (OAT) (for UC Davis Climate
Zone) and Discharge Air Temperature (DAT) at the AHU. OAT and DAT will be
monitored at the EMS. Although, it is intended to use the TMY 30 climatic data
(OAT) for the UC Davis Climate Zone, the OAT is being monitored so that the
operational profiles can be normalized based on weather if needed.

The cooling energy will be estimated by modeling electric centrifugal and
absorption chillers as the source of chilled water. A chiller plant efficiency of 1
kW/ton will be used for electric centrifugal chillers. A COP of 0.8 will be used to
convert CHW ton-hrs to estimate the equivalent gas usage at the absorption
chillers at UC Davis chiller plant and an additional 0.4 kW/ton will be used to
account for the auxiliary electric usage when using absorption chillers.

d. Heating energy (including reheat) - Estimate heating (and reheat) energy using
the supply airflow profiles, Outside Air Temperature, Discharge Air Temperature
(DAT) at the AHU and Reheat Air Temperature. Significantly less reheat energy
is expected at PES as the building operates at a higher system DAT than Genome
building. We will use a nominal heating plant efficiency of 70%.

2. Establish annual energy use for each STEP.
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3. Determine energy savings between baseline energy use (STEP 1) and post-retrofit
energy use (STEP 3) based on one hood retrofit.

4. Determine energy savings between baseline energy use (STEP 1) and post-retrofit
energy use (STEP 3) based on retrofit of all hoods at the building.

5. Determine energy savings between sash locked at full open (STEP 2) and post-
retrofit energy use (STEP 3) based on one hood retrofit. This step will help illustrate
an example of savings for a site with poor sash management practices.

6. Determine energy savings between sash locked at full open (STEP 2) and post-
retrofit energy use (STEP 3) based on retrofit of all hoods at the building. This step
will help illustrate an example of savings for a site with poor sash management
practices

7. Determine energy savings between constant volume operation and post-retrofit
energy use (STEP 3) based on retrofit of all hoods at the building. (It is possible that
operation under STEP 2 with sash locked open will be similar to a constant volume
operation)

8. Determine the above energy savings for an alternate PES operating condition i.e.,
with a constant 55°F discharge air temperature.
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Appendix A

The following is a list of points to be trended by the EMS, to be used for the energy calculations

Table 1: Trending Points List at PES

Building
Lab #
Point Desciption
1 Hood Sash position
2 Fume Hood Exhaust Airflow CFM
3 General Exhaust Airflow CFM
4 Lab Supply Ariflow CFM
5 Overall Exhaust Airflow CFM
6 Exhaust Fan Speed
7 Supply Fan Speed (Hz)
8 Supply Fan Static Pressure
9 Exhaust Fan Static Pressure
10 OAT
11 DAT (at AHU 4)
12 Reheat Temp (at Diffuser)
13 Reheat Valve Posn
14 Room Temperature
15 MAV Valve Position
16 HEV Valve Position
17 EXV Valve Position
18 AHU 4 Supply CFM
19 EF7 & EF8 Exhaust CFM

PES

1247
Identifier
#1247

# 1247 (HEV)
# 1247 (EXV)
#1247 (MAV)
# 1247

EF 7/8

AHU 4

AHU 4

EF 7/8

AHU 4
#1247
#1247
#1247
#1247 (MAV)
# 1247 (HEV)
# 1247 (EXV)
AHU 4
EF 7/8

Trend Interval
5 mins

5 mins
5 mins
5 mins
NA

5 mins
5 mins
5 mins
5 mins
5 mins
5 mins
5 mins
5 mins

5 mins
5 mins

Type
Al

Al
Al
Al
NA
Al
Al
Al
Al
Al
Al
Al
Al

Al
Al

Status

Exists

Notes

Using temporary monitoring equipment

Calculated from Sash position and assumed face velocity
Calculate from Overall Exhaust Airflow & Hood Airflow

Exists (EXV CFM + HEV CFM)

NA

Exists

Exists

Exists

Exists

Exists

Install Logger
Exists

Exists

Not Available
Not Available
Not Available
Added
Added

* CAV Exhaust Fans

Using temporary monitoring equipment

These will not be monitored
These will not be monitored
These will not be monitored
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Table 2: Trending Points List at Genome

Building
Lab #
Point Desciption
1 Hood Sash position
2 Fume Hood Exhaust Airflow CFM
3 General Exhaust Airflow CFM
4 Lab Supply Ariflow CFM
5 Overall Exhaust Airflow CFM
6 Exhaust Fan Speed
7 Supply Fan Speed (Hz)
8 Supply Fan Static Pressure
9 Exhaust Fan Static Pressure
10 OAT
11 DAT (at AHU 4)
12 Reheat Temp (at Diffuser)
13 Reheat Valve Posn
14 Room Temperature
15 VAV Damper Position
16 HOOD Damper Position
17 EXH Damper Position
18 AHU 4 Supply CFM

Genome

1010

Identifier

#1010

#1010 (HEV)

#1010 (EXV)

#1010 (VAV)

#1010

EF 7/8

AHU 4

AHU 4

EF 7/8

AHU 4

#1010

#1010

#1010

#1010 (VAV Dmpro)
# 1010 (Hood Dmpr%)
# 1010 (Exh Dmpr%)
AHU 4

Trend Interval
5 mins

5 mins
5 mins
NA

5 mins
5 mins
5 mins
NA

5 mins
5 mins
5 mins
5 mins
5 mins
5 mins
5 mins
5 mins

Type
Al

Al
Al
NA
Al
Al
Al
NA
Al
Al
Al
Al
Al
Al
Al
Al

Status Notes
Exists

Exists

Exists (EXV CFM + HEV CFM)

NA * CAV Exhaust Fans
Exists

Exists

Exists

NA Use from PES
Exists

Install Logger Using temporary monitoring equipment
Exists

Exists

To be programmed

To be programmed

To be programmed

Added
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APPENDIX B

PLANT AND ENVIRONMENTAL SCIENCES (PES)
PROFILES
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Figure 1.1: Laboratory Airflow - Raw Data - PES 1247
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Figure 1.3: Laboratory Post-Retrofit Airflow - Raw Data - PES 1247
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Figure 1.5: AHU Post-Retrofit Airflow — Raw Data - PES 1247
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Figure 1.9: AHU Supply and Post-Reheat Discharge Temperatures — Profiles - PES 1247
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APPENDIX C

GENOME PROFILES
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Figure 2.1: Laboratory Airflow - Raw Data — Genome 1010
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Figure 2.3: Laboratory Post-Retrofit Airflow - Raw Data - Genome 1010
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Figure 2.4: Laboratory Supply and AHU Airflow - Profiles - Genome 1010
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Figure 2.6: Sash Open Position - Raw Data - Genome 1010
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75
— Post-Reheat DAT
— AHU SAT
70 -
65 -
60 -
55 o ———— S~ e (S B o Y S
50 -
45 ‘ ‘ ; ‘ ‘ ‘
© T ® NP QgOoTONLQgOTONLQOTONLQOTONLQOTONEQOTRN QG
M T w Th F Sa Su

Figure 2.9: AHU Supply and Post-Reheat Discharge Temperatures — Profiles - Genome 1010
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Figure 2.10: AHU Supply-Fan Power — Raw Data - Genome 1010
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Figure 2.12: AHU Power-Airflow (Watts-CFM) Correlation — Raw Data - Genome 1010
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