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ABSTRACT

Commercial cooking equipment exhaust systems have a
significant impact on the total energy consumption of food-
service facilities. It is estimated that commercial cooking
exhaust ventilation capacity in food-service facilities across the
United States totals 3 billion cfm (1.4 billion L/s) with an asso-
ciated annual energy cost approaching $3 billion, based on an
average of $1/cfin ($0.47 per L/s) per year. Significant energy
and cost savings can be achieved by reducing ventilation rates.
There are different optimum constant ventilation rates for gas-
electric and all-electric kitchens that differ by climatic zone and
that result in the development of minimum energy ventilation
(MEV) strategies. This paper documents a preliminary investi-
gation using computer simulations on the effects of different
levels of constant ventilation rates for wall-mounted canopy and
backshelf exhaust hoods in quick service gas-electric and all-
electric restaurants.

INTRODUCTION

It has been reported (Claar et al. 1985) that the heating,
ventilating, and air-conditioning (HVAC) load represents 30%
of'the total energy consumed in restaurants and that up to 75%
of this load can be directly attributed to the operation of the
kitchen exhaust ventilation system (Fisher 1986). The kitchen
exhaust ventilation system is often the largest energy-consum-
ing component in a commercial food-service facility. It is esti-
mated that commercial cooking exhaust ventilation capacity
in food-service facilities across the United States totals 3
billion cfm (1.4 billion L/s) with an associated annual energy
cost approaching $3 billion, based on an average of $1/cfm
($0.47 per L/s) per year (Claar et al. 1995).

Existing building codes and design standards prescribe
kitchen ventilation rates greater than are needed to ensure
complete capture and containment of cooking emissions,
smoke, and heat. Twenty-five years ago, commercial kitchen
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ventilation (CKV) design practices were based on practical
experience and no known engineering research. In the last
decade, field, laboratory, and simulation research on capture
and containment and general kitchen ventilation efficiency
has developed a significant body of knowledge regarding
kitchen ventilation. Minimum capture and containment
exhaust rates for commercial kitchen ventilation are under
investigation at two laboratories in the United States. It is
evident from laboratory tests that current ventilation exhaust
rates required by building codes are significantly in excess of
actual requirements for capture and containment (EPRI
1996a-1996h).

It is important to recognize that a large percentage of the
CKYV systems being installed today are designed and operated
below the code-ventilation rates. Many of the commercially
available exhaust hoods have been tested using Underwriters
Laboratories (UL) Standard 710 (UL 1996) at airflow rates
significantly below code (e.g., 300 cfm vs. up to 450 cfm per
linear foot ofhood [465-697 L/s per m ofhood] and are permit-
ted by the "authority having jurisdiction" as "engineered"
systems. The National Fire Protection Association's Standard
96 (NFPA 1996), which is a national code, simply states that
"exhaust air volumes for hoods shall be of sufficient level to
provide for the capture and removal of grease laden vapors.”

Significant energy and cost savings can be achieved by
reducing ventilation rates. Laboratory tests have also demon-
strated that radiant heat gain to the kitchen space is greater
from hooded gas appliances than from hooded electric appli-
ances (EPRI 1996a-1996h). The incremental heat gain to the
kitchen from hooded gas appliances could create an increased
cooling load during periods of hot ambient temperatures and
a decreased heating load during periods of cold ambient
temperatures. This raises the possibility that there are opti-
mum constant ventilation rates that will differ by climatic zone
and fuel type and that result in the development of minimum
energy ventilation (MEV) strategies. To define MEV strate-
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gies requires quantifying the impact of climatic conditions on
the energy consumption of restaurant ventiiation systems.
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Objectlves L Ay ,

" The prlmary purpose of this work was to 1nvest1gate three :

issues that relate to' the energy pertormance of commercral Ty

k1tchen ventilation systems: : '

+ . theeffects ofincreasing or decreasmg exhaust hood air flow 3 =
(1) a gas/eleciric restaurant with canopy hoods, (2) a gas-¢lec- -

trig restaurant with backshelf hoods, (3) an all-electric restau-
'.rant with canopy "hoods, and (4) an all- electric restaurant ‘with

rates on kitchen HVAC systern energy consumptlon and-
energy costs, ;

«  the potenlml energy and cost savings from the usé *u[ hrgh )
flow rate economizers to reduce coohng requlrements in .
commercral kitchens,and :

+ the 1mpact onkitchen HVAC -energy co"lsumptlon and
energy costs from cooking appliance radiant heat gair
reductions that occur as exhaust flow rates increase. .

A secondary pl.upue,.. For perfurm:m, this work is o
attempt to iden:ify, in the context of each of the ‘three issues
above, kitchen ventilation design and operating strategies that
minimize kitchén HVAC system energy consumption. These
strategies may be termed "minirhum energy ventilation"
(MEV) str'ategi'es Bt

COMPUTER MODELS AND SIMULATIONS

The investigation of reotuurant energy performance is

greatly facilitated by the use of computer fiddels and ¢
“HVAC system and exhaust hoods. Table 2 summarizes several

computer simulations. A simulation-based approach allows
for'‘proper accodntiﬁg‘ of the ‘dire¢t and. indirect effects on
burldrng ehergy periormance produced by changes in building
desrgn or operating characte. istics. This is of particular impor-
tanceé“in anaiyzing the eaérgy performance of commercial
Kitchen facilities W€cause of tie iriteractions between cooking
equipment and th¢ kitchen ventilation system. Given the vari-
ety of cooking and ventilating equipment available and in use,
itis important to understand the 1nﬂuence of this equipment on
kitchen energy consurnptron and pnergy costs.

Computer Models

The project team selected a quick service restaurant as the
type of restaurant building to model for this work. Nationally,
quick service restaurants are the largest single and fastest
growing food-service market sector. All building structures in
the reference models meet regional building codes and stan-
dards in place as of 1993. Occupancy ventilation rates meet
ASHRAE Standaiti 62:1989 requirements. Heating, ventilat-
ing, and air-conditioning’ (HVAC) systems in the reference
models aré packageéd, Hréti‘expansion (DX)cooling systems
‘that use either gﬁs furmace ‘or -electric resistance heating
according to hu:]dmgiuehype The full load AFUE for the gas
furnacé was 0.75. Kltchen H%AC systems do not include
'economrzers pio bk TRk el NLES

" Table’ 1 shows :m¥simum - ihput ratings + 4Ad. da1ly
consumption antdunts for the major d¢ooking: appliances,
including a six-foot griddle, three atmospheric fryers, one

ON|

pressure fryer, and a six-burner range/convection oven. The
. cookline arrangemient is simila- to that found in architectural
-drawings from several major quick service chains._All major
~ cooking appliances are hooded, using wall-mounted canopy
hoods or backshelf hoods. Make-up air for the kitchen exhaust -

"10ods is supplied through the dmmg room and kitchen HVAC
nits inall buildings.
A total of four baseline computer models. were’ created:

baekshelf hoods' .

f I

'Computer Simulations

Hour-by-hour simulation software based on ASHRAE
energy calculation methods was chosen for this work because
ofthe modeling flexibility offered by the program (UW 1990).

‘Tt readily allows accurate modelinig of internal heat gains and

building ventilation systems ’typically found in food-service

establishments.

“The computer simulations’ weére conducted usmg the fdur
baseline computer models and typical -meteorological year
(TMY) weather data for five cities: Akron, Atlanta, Los Ange-

strategies that minimize energy consumptlon by the kitchien

important annual and design criteria figures for each location.

In order to identify the ventilatio'n strategies that result in
the minimum energy consumption, the project team
performed three groups of computer simulations. Each group

was designed to measure the kltchen HVAC system's response

to variations in exhaust hood flow rate, economizer airflow
rates, and kitchen heat gams from cooking appliances. This
wes accomplished by varymg the values of specific computer
model input parameters. The three groups of computer simu-
lations are described in greater detail in the paragraphs below.
- Kitchens with Varying Exhaust Flow Rates. The first
group of simulations investigates the effects of varying
exhaust hood zirflow rates on kitchen HVAC system energy
consumption. These simulations are conducted |, for two
reasons. The first is to quantrfy the energy consumption and
cost implications associated with using the kitchen ventilation
system to remove heat, from the kltche\n space, particularly at
higher exhaust flow rates. The second s to identify | the exhaust
flow rate, that results in the minimum amount-of energy used
by the kitchen HVAC system and tg assess the, role that climate
plays:in the determination of the minimum energy flow rate.
‘To eccomplish this, four exhayst flow rates ranging from
7200:cfm to 3150 cfim (3398 L/s to. 1487 L/s)were selected for
the canopy hood models.. Three exhaust flow ratas, ranging
from 4800 cfm to 2400 c¢fm (2266 L/s-to 1133 L/s), were
selected for the backshelfhood models.The chgse*r flow rates
correspond to values established by recognized or emerging
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~ les, Oklahoma City, and Phoenix. A variety - of ‘climates.in "
- which to examine building nergy perforfiiande was recog- f
"'nized as an important factor in: 1dent1fy1ng ‘Kitchen ventilatien,



» TABLE 1

chk Serwce RestaurantrModeI Cookline Equipment Summary

Y ; Gas Input ‘ ; pally Energy Use, Electric Input Daily Energy Use,
Qty  |Appliance. .« i K Rating ’ “therm‘s’ (W) Rnting | kWhMJ))
B B S kBtu/h (kW) - Weekday i Weekend . kW Wee}gday h \{‘\}eekend
1 [Griddle 162@7 " 67¢077 | 7.7@812) 36 85(306) U | 192 (331)
3 - I|Atmospheric Fryers. ... 11032 . | 73.070) | '8 @9) 17 " 90 (324) 110 (396)
1 * |Pressure Fryér' ol gs25) | nr@ie) | 13(137) 1125 1865 ' | 21 (76)
1 |Six-burner Range Top 120 (35) 1.67169) | 12.1.222) 12 |, 1968, | 28(01)
1 Range Convection Oven 30 (9) 02 21 v 02421) 5P 6.5 5 4(14) 4 (14) ¢
Totals:| ‘727 (213) - 1‘6.’9 (1,783) | 20.2 (2,131) 116.75 “216 (778) ' |7 255 (018)
Y s # JEar B S R
B s “TABLEZ - i
" Climatic Data for Selected Locations ' 9€ 0N &
Climate Parameter;‘ :. ( ’ Akron " Aﬁﬁi}ritad | "I:,os Angeles Oklé::; x'na ¢! ‘Phigenix
Heating Degree-Days — Base 65°F (18°C) 6160 (3422) | 2991 (1662)*| 1819 (1011) | 3666 (2037) " 1859 (750)
Cooling Degree-Days — Base 65°F(189C) 6254347) |, 1667 (926),._ 615(342). | 1930 1073) | 4162 (2312)
97.5% Heatiif Design — Temperattire, °F (°C) i 6(-14) 22 (-6) 43 (6) Bey o sy
2.5% Cooling Dgsign — Temperature, °F ) 86 (30) 92 (33) 0@n | 9766 | 107¢2)
Méan Coincident Wet-Bulb ~— Temperature, °F (°C) . M@ |, 74@3 68 (20) 74 (23) 7122)
I\fiéan:CoincidentHﬁnﬁdit})Ratio' thoe 00129 0.0140 00120 |, 00128, .| . 0.0080

standards that govern kltchen exhaust system design. The
lowest flow rates are still sufficient to provide full capture and
containment of cookmg effluent from thre assumed-tooklines.’
Table 3 summarizes the" coinplete sélection-of" exhaust ﬂow.
rates selected for this group of snlnu'latlons ‘ ‘

The canopy hood model assufiiés a total of 18 linear feet
(5486 mm) ofexhaust hood, while the backshelf hood model
assumes a total bf 16 linear feet (4877 mm) of ‘hdod. The’
difference in hood lengths is due to the overhémg reqtfnrements
imposed on canopy hood desxgns - i

Canocy hood flow rates described in Table 3 as*Above
Code" correspond tb an exhaust flow rate of 400'¢fm per linear
foot (efm/1f) (619 L/s pef m) of exhaust hood. "Code" flow
rates are those specified by the echanical dodes in force for
éach §f'tie five cities: the Standard Mechanical ‘Code for
Attanta, the National ‘Mechanical Céde for Akroti ahd Okla-
homla City, and the Uniform Mechanichl‘[?ode'for LosAngeles
and Phoeﬂlx 'Coldé exhaust flow tated | per Tinear foot tange
from 344’ Etm/If t6 242 cfm/If (533 - 375'L/s per m).""UL-
LlSted" ﬂ0w rates Hre obtained from demgn procéduréstecom-
mended hy a: leadmg"rhanufécturer of UL!listed exhatst haods
and are bésed on an’average exhaust rate of 250 cfm/If (387 L/
s per m).“The' "Ciistorh* exhaust flow rates dre deterniined
from labor‘atdry tedt results and corréspond to an exhaust flow
rate of 175 cFm/If (271 L/s per m).

Bachshelf hbod flow rates described as "Code" ﬂ‘ow rates
are also as sp@cd‘led by the applicable mechanicl code and
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correspond to an exhaust rate'of 304 cfm/If (465 L/s per m).
"UL-Listed" exhaust rates are obtained using manufacturer's,
design procedures. The resulting;average exhaust rate per
linear foot-of hood is 250-¢cfm(387 L/s ver m)., "Custom
exhaust rates for backshelfhoods are based ona laboratory-t
tested flow rate of 150 cfm/if (232 L/s perm). 1. o

"Kitchens with Enhanced Economlzer Coolmg The
second group of computer simulatiohs examines ‘super venti-
lation” (SV) economizer systems and théir ability to remové
heat from the kitchen space. These simulations were
conducted to more thoroughly explore the role that HVAC
system economizers may play in reducing the tHechanical
coolin requnremenis of the kitchen space. The simulation
results will help to quantlfy the pbtential for reducing energy
consumpuon for kitchen space coolmg and, therefore, reduc-
ing reétahrant e’nergy costs.

4 The pro_lectrteam deﬁned the term ¢syper ventilation” as
“ventilation provided by the kitchen HVAC system in excess
of that which. the -same, system would proyide, ungier typ;cal
operating :ponditions.” The excess, ventllatlon, s:apablhty is
realized through the use of powered rehef fans, that, . are
installed in the return half of the:kitchen HVAC system. Rellef
fan operation is controlled to occur only durmg economizer
cycles: Thus; the SV system is,envisioned, as a.conventional
HVAG: system with an economlzer assmted by a dedicated

powered exhaust fan. ; P2 I
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TABLE 3

Exhaust Flow Rate Summary for Varying Exhaust Flow Slmulatlons i

CANOPY HOODS ;
. Exhaust Rate Category, cfm (L/s) .o
Location Fuel Type Above Code” Code UL-Llsted e édstom
. Akron Gas/Electric | 7200 (3398) |...6200 (2926) 4500-(2124) .. | 3150(,143_7).
_ ‘Ail;js:leqtr.ic 7200.(3398) 6200 (2926) " | 4500 (2124) '| 3150 (1487)
‘Atlanta Gas/Electric 7200 (3398) 6200 (2926) ,| 4500 (2124) | 3150 (1487)
< ABls 7200 (3398). |. 6200 (2926), | ,4500 (2124) ;| 3150 (1487) .
. Los Angeles Gas/Electtic | 7200 (3398) | 5450i(2572) 4500 (2124) 3150 (1487)
" AllElectric | 7200 (3398) | 4360(2058) | 4500°2124) | 3150 (1487),
Oklahoma City Gas/Eleatric 7200 (3398) - | . 6200 (2926). ’],._,4;500 (2124),, | 3150 (1487)
All-Electric | 7200 (3398) | 6200 (2926) | 4500 (2124) | 3150 (1487) '
Phoenix Gas/Electric 7200 (3398) | 5450 (2572) | 4500 (2124) 3150 (1487)
All-Electric 7200 (3398), .| 4360 (2058) ;| 4500 (2124) 3150 (1487)
BACKSHELF HOODS - |
w _ ':Exhaust Rate Category, cfm (L/s)
' Locatien *Fuel Type Above Code Code UL-Listed » Custoiki'
Akron " ~ Gas/Electric na | 4800 (2266) | 4000 (1888) | 2400 (1133)
- All-Elegtric n/a 4800 (2266) 4000 (1888) 2400 (1133)
Adanta | GaslBlestricl] o/ 4800 (2266) | 4000 (1888) | 2400 (1133)"
All-Electric i/ © 4800 (2266 | 4000 (1888) 2400 (1133)
_ Los Angeles Gas/Electric - n/a 4800 (2266) | 4000 (1888) | 2400.(1133)
i All-Electric n/a |- 4800 (2266). || 4000.¢1888)1 | :2400 (1133)
Oklahoma City Gas/Electric n/a | 4800(2266) | 4000 (1388) 2400'(1133)
All-Blecttic nfa” 4800 (2266) | 4000 (1888) | .2400(1133)
Phoenix’ Gas/Electric n/a 4800 (2266) 4000 (1888) 2400 (1133)
All-Blectric n/a 4800 (2266) 4000 (1888) 2400 (1133)

Rrior research indicated the nzed for powered:relief:at

economizer outdoor airflow rates of approximately 60% (of

supply air volume) and greater, apparently due'to-a buildup of
back préssuré'ini'the return half of the kitchen HVAC systemi’
For each of the four baseline computer modéls, the second
gfoup of sirfiulations assumes four levels of kltchen HVAC
system ecotriomizer operation: ’ . .

«  aBaseline case withovt.an economizer;

« _asystem’that allows a maximum of 60% outdoor air in the

economlzer mode i 1 - "A'

. a2 system that allows 2 maximuin of 80% outdoor air in the
economizer - mode and uses 2, small 0.5 hp (0 4 kW) rel1ef

fan; and T e

R ? system that allows-a maximum ot lUU% outdoor air in the -

economizer mode.and uses a slightly la,rger 1:0 hp: (0 7 kW)
rehF’ffan ¢ g i 8t L bl

]

- Effects of Decreasing Radiani Gain with Increasing
Exhaust Flow. The third group of computer simulations
inv estlgates the impact of radiant, gain upon kitchen heating
and cooling requirements. at different exhaust flow. rates. "
Recent laboratory tests measuring the heat gain to space from
commercial cooking equipment suggest that the rate of heat
gain from an-appliance is dependent upoh both the type of’
exhaust hood and the exhaust airflow rate through the hocd
(Gordon etal 1994; Smith étal. 1995) Preliminary test results

C indicate that as the exhaust flow rate increases, the rate of
e appliance heat gain to the sutrounding space decreases. For a
.given increase in exhaust flow rate, the reduction in-heat gain-
to space varies according to hood and appliance type. This

group of simulations is conducted in order to determine the .
impact ot decreases in radiant gain to space at high exhaust
flow.rates on restaurant energy- use, energy: demand afa
energy costs. £ S I
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The project team identified a set of five computer simyz .
lations for the third group. The Qklahoma City,,locatiomwas:. o

selected as the weather site for the simulations for two reasons.
First, the mean annual ambient temperature for Oklahoma
City is nearly 1dent1cal 10 tha,t for Atlanta and-Los Angeles.
Second, Oklahoma City has a significant number of both heat-
ing and eoellng degree-days, which allows the mﬂuence of

changes)itl exhaust flow rdte‘and radidfit gain'to spacé to be

iobserved on both heatmg system and coolmg system energy:
and economic performarnce. }
LA gas/electric restaurant model is used for these s1mula-

tions so that performance impacts on the cooling’system-can *

be differentiated from those on the heating sys'tem Wall-
mounted canopy hoods are jassumed_in the model. Exhaust
flow Tates correspondmg to “Above Code, t “Code;” “UL 4
and “Custom” rates (as described for the first’ simulation

group) are modeled; however, instead of assuming a fixed rate .
of cookline heat gain for each exhaust rate, the rate of heat gain ..

for the-major appliances is allowed to decrease as exhaust flow
rates increase, as shown in Table 4. The fifth|simulation
assumes that all of the radiant heat given off by the cookline
is removed by the exhaust hoods resulting in zero cookline
heat gain to the kitchen space This is an extreme case that
establishes the theoretical limit on benefits that can be derived
if all of the heat gain from appllances is removed by the
exhaust hoods . o

VENTILATION INVESTIGATIONS AND RESULTS

The results from the computer simulations are discussed
below. First results from the computer simulations performed
to examirié the effects’ ofehanges in exhaust flow rate upon
restaurant energy use and énergy Ccosts ‘are presented This
discussion, is followed. by.. presentation of the simulation
results that examme the potentlal for eccnomizer coollng “and
its 1mpact oft energy and'costs. The results from the computer

‘simulations that investigate the influence of radiant gain to
space’’in conjunction’ ‘with varymg exhaust flow rate are
presented last.

Results from Simulation ot Varying Exhaust Rates

. _ Figure T shows the annual energy for all buildings. The
upper plots show the whole building energy use for the gas/
electric buiiding’s and the lower plots show the same for the
all eléctric bulldmgs = =

In 41l loeAtions except Los Angeles, increasing the hood
exhaust ‘flow rate above the baseline flow rate results in
mcrea,sed energy use. Likewise, decreasmg the exhaust flow
rate below the baseline flow rate results in decreased energy
use.” This is mdependent of -both. type of exhaust-heod
employed and the fuel mix. Energy consuription in the build-
ings logated in Alkmn Atlanta, and Oklahoma City exhibits
greater sensmwtyto changes in exhaust f!qw rate than energy
consumfpitiori'by the buildings in other locations. These three
locations havé thé highest number of heating degree-days, and
the mcreased sensitivity is due to the contribution of energy
qonsumed for space heating. I'hie €xhaust tlow tates that'yield
the minimum annual whole building energy consumption in

. alllocations,except Los Angeles corzespond to the lowest flow

- rates, 3150 cfm (3150 1.7s) for Tanopy Ilpods and 2400 cfm

_ (1133 L/s) for' backshelf hoods.

_ The'buildings located in Los_ Angeles experience .the
minimum annual whole building energy:‘consumption at flow
rates that correspond to those assigned to the baseline build-
ings; namely,-at UL hood flow rates (45 00-cfm[2124 L/s}for
canopy hoods and 4000 cfm [1888 L/s] for backshelf hoods).
Ihcreasing or-decreasing exhaust flow rate from the baseline
flow rate results in increased annyal energy use.

The mechanism for the behavior of the Los Angeles
buildmgs is climate-driven. In the- gas/electric buildings, gas

TABLE 4 ’
Gas Cooklhg Applfance Heat'Gains.at Selected Exhaust Flow Rates
Appliance Type A Input Rating « Exhaiist Flow Rate | Heat Gain to Space
: " KBtu/h (KW). scfrV/If (L/s pét m) " Btwh (W)
Griddle, 6 ft I @ . 400 (619) 8,799.(2,578)
i 1o 1344 (533) 9,136 (2,677)
wd 250 (387) 9,701 (2,842)
_ , 175 (271) 10,151 (2,974)
Atmospheric Fryers (3) h 110 each " . 400 (619) .. 5,833 (1,709)
! et = b W ton 4 (32 kW each) '
i il e ioals g Ed €344 (533pan | 6,262 (1,83%)
: b 1t 250387y " 6.984'(2,046)
o ot e b 175 271) 7,559 2.215)

el 4 " s) T ] Tr
enekgy consumption increases as exhaust flow rate increases,
regardless of hood type; however, electrical energy consump-
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tiol behaves inuch differently. In the'case of ‘buildings with
canopy hoods, electrical energy use decreases as exhatdt flow
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Figure 1 Annual energy consumption results from simulation of varying exhaust rates.

rate increases from the “Custom” rate to the “Code” rate. It
then increases as the exhaust flow increases to the “Above
Code” rate. In the, case of buildings with backshelf Loods,
electrical energy use decreases as exhaust tlow rate increases
from “Custom” rates to “Code;; rates. In both hood cases, this,
behavior cccurs because of the economjzing effect that make--
up air admission has over the mid-range exhaust flow rates.
The combined effect of differing fuel consumption trends with
variations in exhaust flow rate produces-a minimum energy
exhaust rate that corresponds to neither the minimum gas nor
the minimurm electrlcalenergy consumptlon flow rate

Similar climate-related behavior is observed in the all-
electric buildings in Los Angeles. In buildings with canopy.
hoods, electrical energy consumption varies with exhayst flow
rate as it does in the gas/electric buildings. The same is true
when comparing th= variation in electrical energy use between
the gas/electric and all-electric buildings with backshelf:
hoods, In the allelectric buildings, the changes in energy use
result_mg from changes in exhaust flow rate are not as dramatic
as the changes in the gas/electric buildings.

. .Figure 2.shows the effects of varying exhaust flow rate on
whole -building annual peak electrical demand for;all build-
ings. The changes in,annual peak demand for.the gas/electric
buildings. reflect the impact of veriation in exhaust rates on
coeling performance. The gas/electric buildings set their
apnual peak demand in the summer; regardless,of exhaust rate
or location. In conrast, the. changes in annual peak demand

R ST Tt v LEgE A

g

arising from variation in exhault rates are generaily more
dramatic in the all-eleciric buildings than the demand changes
in the gas/electric buildings: The principal reason for this
difterence is that a majority ot the all-electric buildings set
their annual peak demand duringthe winter. This is true for all
locations except Los Angeles and Phoenix, the two climates
with the smallest heatmg requirements. o

an all-electric blilding experiences-a shift in the season during
whicki their peak demand is set.-Both buildings with canopy’
and backshelf hoods located in Atlanta set their annusl peak
demand during the winter at the higher exhaust flow rates. At
the lowest flow rates for each hood type, the month in which
the annual peak demand is sef shifts from a wmter month toa
summer month. A 51m11ar event occurs m the all-electric
building w1th canopy hoods located i in Los Angeles exceptthe
change of season occurs at the h1ghest exhaust flow rate..In
this case, at lower flow rates, the building sets its annual peak
demand during the summer, and at the hlghest ﬂow rate, the
peak is set during the winter.

Flgure 3 shows the annual whole building energy costs for
the gas/electrlc bulldm gs, and the lower plots show the yearly
energy costs for the all- electric,buildings. R T

- From the four plots in Figure 3 it .is evident that for'each
of the four baseline building types in all of the:locations, he-
exhaust rate that results in minimum annualqenergy  costs

A9 e e, . TiEr = i AN FHE
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Figure 2 Annual peak electrical demand results from simulation of varying exhaust rates.

corresponds to the lowest of the exhaust rates simulated. A
comparison of Figures 1 and 3i.shows that in all-locations
except Los Angeles, the exhaust flow rate that results in the
minimum energy consumption also..results in,the minimunx

energy cost. The differences in utility, rate structuré from one:

location to another.are responsible.for. the reordering of the
locations in Figure 3. The. sensitivity-shown in the plots of
annual energy consumption for the gas/electric buildings is
ngt. preserved in the plots showing annual.energy costs
because electric energy and demand costs dominate the build-
1ngsbr‘tq;al annualenergy cost in all locations.,,, !

3

With respect (6 anhiral enefgy costs, the buildings located
in Los Ahgélés behave the same' as'the buldings in the ‘other
locations. In“Los Angeles, the minimum 'energy cost is
achieved at the Toest flow rates; however, the exhaust rates
that yielded the: mlmmuin énergy costs are not the exhaust
rat‘es that ylelded the mmlmum energy consumptmn

HIR i e 2ot

Results from Slmulatlon of Economlzer qulmg
Strategles , . ; :
T S b o gne nr BL peomng Ty 1
! The results’ frbm the econdmiizér. simulation$ were
analiyzed in two ways Flrst kitchen HVAC' cooling energy
was plotted against ambient’ témperaturé' and'regression lingé
weresfitted to representicooling energy as a function of ambi-
ent temperature. Second, resulty'were analyzed and comparetl

by building type and location ts:identify the minimiim energy-

kitchen HVAC system configuration and the energy and cost
¥
BN-97-17-3

savings patential for each of the locations selected for this
Study ' 3 L Tk &

" The potential beénefit of using economizers was investi-
gated by comparmg the model Kitchen HVAC system perfor:
marce with:and Without economizer. Figurés 4 and' 5 show
typical pldts of the regréssion of electric energy cotisumption
against outside dir temperature for'the base case (UL-listed
hoods and mo HVAC economizer) and thé supér ventilation
case correspondlngto 100% economizer with powered relief.

The' regressmn lmes are baseé on a full year of mmulated
data (8,760 hours) The general shape of the regresswn lines
shows that the results fiém the computer simulations agree
with the results from previous work with regard to the effec-
tive temperature range for the economizer' (Horton et al.
1993). Tht economizer tase shows that use of mechanical
cooling with compressotrs can be avoided when the ambient it
temiperature is between about 52°F and 62°F (11¢C - 17°C) in’
gas-electric quick servicé restaufarits and about 53°F to%$3°F
(12°C-17°C) in all-electric quick service restaurants. A cidss-
over point occurs at approximatéely 80°F (27°C). ‘

- Table 5 shows: arinual - electrical edhstimption ‘for ‘tach
baﬁélirle model’at each locktion{rounded'td'the nearest 100).
The maximum annual electrical coiisuniption:savings'shown:
in Table 6 are relatively dmall fradtions of the- respectivé:
annual consumption figures: Economizer benefit'wis piedter
in the gas-electric buildings-than in the all-¢lectric bulldmgs
For a given“fuel type, the restdurants‘with backshelf bods
experienced greater energy savings from the inclusion of
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Figure 3  Annual energy cost results from simulation of varying exhaust rates.
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TABLE 5
Annual Electrlcal Energy Coqsumptlon for Baseline Models
with UL-Listed Exhaust Rates and No HVAC Economizers

1 %y L()Ciltloq‘
Building Type - ' ¥ o4 Akron Atlanta | Los Angeles 5 Oklahoma City Phoenix
L s kWhMD)  kWhMD), KWh(MJ)) . . kWh (M) KWh (M)
All-Electric with' Backshelf - "}, " 512 500 464 900 ~397400 g 490 600 455 800
Hoods - (1'673 500) (1673 500) (1430 700)° (1766 100) (1 641 000)
Gas-Electric with Backshelf 270 100 294200 | 276 200 1296 700 335 000
Hoods ©(972500) |, (1059 200) (994 200) (1 068 300) (1206 000)
All-Electric with Canopy 529 600 473500 396 000 502.000 460 300
Hoods (1906 400) (1704 400) ! (1 425 400) (1 807 000) (1 657 000)
Gas-Electric with Canopy 270 500 295500 | 273800 298 500 337400
Hoods ‘| 1 1, (973 900) (1064 000) | (985 800) R (1074 400) (1214 600)
W TABLE 6 R R
Maximum Annual Electrical Energy Savmgs (kah) from Economlzers
| ; Locatmn o . !‘ :
Building Type ‘Akron Atlanta Los Angeles . Oklahoma City Phoenix
kWh (MJ) kWh (MJ) kWh (MJ) kWh (MJ) KWh (M)

All-Electric with Backshelf 3876 5461 ¢ 9743, .. 4052, © 2329

Hoods (13 954) (19 660) (35 075) (14 587) (8384)

Gas-Electric with Backshelf 5245 7103 12249 5636 5516

Hoods (18 882) - (25 571) (44 096) (20 290) (19 858)

All-Electric with Canopy 3147 5101 6637 3724 2236

Hoods (11329) (18 364) (23 893) (13 406) (8050)

Gas-Electric with Canopy 3793 5754 7676 4292 3944

Hoods (13 655) (20 714) (27 634) (15 451) (14 198)

economizers than did the buildings with canopy hoods. Table
6 shows the maximum annual kilowatt-hour savings achieved
in each iocation by building type. The savings were calculated
by subtracting the lowest consumption achieved in buildings
with economizers from the similar baseline buildings without
economizers. Los Angeles was the only location that exhlblted
substantial energy savings using economizers.

In general, the use of economizers provided only modest
electrical energy savings for nearly all ofthe buildings studied,
regardless of fuel mix or hood type. The use of economizers
had very little impact on peak gnnual electrical demand.
Demand reductions for all four building and hood configura-
tion types were between zero and four kilowatts. The average
reduction for a given location was typically omrthe order of one
kilowatt or less. Substantial reductions in electrical demand
were not expected since economizers do not operate during
periods of heating or peak cooling. Consequently, economiz-
ers provided only small reductions in cost for all locations
except Los Angeles.

Results from Simulation of Decreasing Radiant
Gains

BN-97-17-3

The results from the third group of simulations are shown
in Figure 6. This set of four plots shows the changes in gas
consumption, electrical energy consumption, electric demand,
and whole building energy use predicted by the computer
simulations. Each plot shows that as exhaust flow rates
increase, so does energy consqmptlon and electrical demand.
Reductions in radlant heat gain appear to have little effect on
building energy consumption at increased ‘exhaust flow rates.

The single point shown on each plot of Figure 6 as the
"zero gains" point presents an interesting special case. Reduc-
ing cookline radiant gains to zero and setting the exhaust flow
rate to the highest level tests the case in which the exhaust
hoods completely remove the cookline heat gain from the
kitchen. This should produce the maximum possible savings
from the high exhaust flow rate. As can be seen in Figure 6,
eliminating cookline radiant gains at the high exhaust flow
tate- increased gas consumption by roughly 400 therms
(42,200 MJ) per year, reduced electrical energy consumption
by about 4,000 kWh(14,400 MJ) per year, and had no effect

" on electrical demand. The net result in terms of annual energy

consumptlon was.an increase: of nearly 10,000 Btu/(y-ft*) (114
MlJ/y'm )) [ | R VI R v
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Figure 6 _ ‘Resglts from simulation of decreasihg tadiaht gains.

;. Figure {7 shows the changes in whole bujlding energy
costs computed from the simulation results. The plot shows
that energy costs increase'as exhaust flew rates increase, even
when the hoods remove more of the cooklme heat gam at
higher alrﬂow rates As the 'zero gams p|omt" on the plot‘"
shgws even the complete removal ,qf cookline heat does not
offset the increased energy costs resulting from the hlgh

exhaust rate: it

i

1

(Y b t d SN

ok

increases in ventilation load. This is true in all but the most
moderate of climates. : o

In very moderate climates such as Loos Angeles, make-up
air, admlssmn requirgments, tend to reduce gnergy consump-

tion and costs over the “UL- Llsted” and “Codre” exhaust flow
rates.. At the extremes—

l

“Above Gode” and {Custom- engl-

neered” exhaust‘ flow rates—,enetgy consum_ptlon tends to

CONCLUSIONS

The first group of computer
simulations 1nvest1gated the éffects
of varying exhaust ﬂow rates on

b7 . (

of i

i

kitchen HVAC energy consumption . : I

and costs The simulation results
presented above support the assump-
tion that decreases in kitchen exhaust  ~ ..
flow rates will iresclt.in improved
energy -and economic performance

in quick servicerestavirants. Exhaust . - - o

flow :rates -at ¥“Codell values and ... %/
above result in higher energy . - s,
congumption and energy' ecosts by by 141
vittug of (he latger wmake-up ait
requirement and the attendant
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increase. While not explicitly supporting the assumption of
decreasing energy use and cest ; the'simwlation results do tend
to refute the assertion that constant higher exhaust flow rates
(in excess of “Code” values) will reduce energy consumptlon‘
and yield cost savings. :

The; second group of computer simulations explored the’
effects of increased economizer flow rates on kitchen HVAC
energy consumption and energy costs. The assumption that
improved energy and economic performance will result from
increased kitchen HVAC economizer flow rates: is also!
supported by the computer simulation results, alt_h‘ough the
improvements are less dramatic-than those ~observed in
conjunction with reduced exhaust. flow rates. The energy
required to operate the relief fan offsets part of the energy and
cost savings in climates with extreme cooling requirements. In
such climates, the greatest energy and cost savings occur when
economizers without powered relief are used.

"l"he third group of simulations investigated the impact 6n
kitchen HVAC energy consumption and energy costs arising
from radiant gain reductions that occur with increasing
kitchen exhaust flow rates. As shown previously, the s1mula-
tion results support the assumption that decreases in cooklme
radiant gain to space are not sufficient to make higher venti-
lation rates cost-effective.The reductions in HVAC load that
stem from reduced radiant gains are more than offset by
increases in ventilation loads due to larger make- -up air
requirements. Even if the exhaust hoods could remove all of
the cookline heat gain at higher flow rates, when compared to
lower flow rates the net result is still an increase in energy
consumption and costs. '

Overall, the computer simulation results ‘indicate that
decreases, not incréases, in Kitchen exhaust flow rates will
prodiice energy and economic savings in most quick’service
restaurants. Furthermore, the simulation results show that
high flow rate HVAC economizérs provide significant energy
and economic savings only in climates with minimal heating
and cooling requirements. Last, the results demonstrate that
reductions in radiant heat gain from the cookline do'not justify
the use of high exhaust flow rates as a means of reducing
HVAC cooling costs. Additional research regarding two-
speed or variable-speed kitchen ventilation systems may
provide additional insight into requirements for integrated
HVAC and kitchen ventilation systems that will optimize
energy and cost savings.
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