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Developement of a Design Manual for Kitchen Facility in Foodservice Outlets:
A Case Study on a Seolleongtang Specialized Restaurant
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Abstract: Concerns regarding work and food safety in foodservice operations are growing. The purpose of the study is to

suggest guidelines for designing foodservice facilities, including school foodservices and Korean restaurants. A case of a

franchise restaurant specializing in a Korean food item, Seolleongtang, was used to explain the facility design. The contents of

the manual included ways to determine space allocation, calculate the application of utilities and the diameters of supply utility

pipelines, and suggestions on how to decide on air conditioning equipment. The standards of the American Gas Association and
the Japan Foodservice Equipment Association (JFEA) were applied to design the restaurant space. The JFEA standards and
knowledge based on experience and statistics were applied to calculate the usage of utilities like fuel and water. The standards

of JFEA and the Society of Heating, Air-Conditioning, and Sanitary Engineers of Japan were applied to calculate the diameters

of the water supply and drainage pipelines. For the setting of the heating, ventilation, and air conditioning systems, three ways

to carry out the calculation of effective ventilation were explained, as well as options to dicide the standard parameters of the

duct and ventilation fans. This manual can contribute to the design of effective and efficient foodservice facilities and help
secure the work safety of foodservice employees thereby ensuring food safety.

Key words: kitchen facility, space criteria, HVAC (heating, ventilation, air conditioning), flow rate

=

—

I A

2155 AfaLel 29 <k Akare] FaElvt Sl wet &
217 e] A} AR E Tl TR 5 A=
AEAH 2 Aol A3 Bl 718kl ATh(Lee et al.
2019). FHoll= 255 A 9k 221 18] et
of ¥+ Ayt Fts] R = Ak(Park et al. 2007; Kim
et al. 2008). 22t} FHZ Q1M F7}, mE AN HE

1% ol ofels, 2] )35), FAA49)

TE e = Z

O 3T

*Corresponding author: Hyeja Change, Department of Food Science and
Nutrition, Dankook University, Cheonan, 31116, Republic of Korea

Tel: +82-41-550-3478, Fax: +82-41-559-7567

E-mail: hjc10@dankook.ac.kr

Received June 26, 2021; accepted June 28, 2021

67

A A BRSSO

2 % iz A4

AR Aiek
AA7L 7“511 ATt
STl Fush] fsiE
s, gl 7)7] A, A
F SE7)A ‘_;_Lq rql—i 5 FEH- s 95 A4 s 3
17} dg = ojok SHti(Chang & Jang 2011; Kwak et al.
2020). 53] FAN AARE 2 715 NS 795
S AL BL Aok, 7R TS R
& Rk, e wAgE Y Hade F1 SR
(Chang et al. 2009)7} oA Sl ArkE-2142
Ag FEeliL, H2ols JulE Ao 4T T
ST} o2 Adoltt. TS| St 3 3

A

2~ oR

[
HO
H| 7}
Moon 2012;

X
&
e

3

stag2le] 7
s} AR Aol whet 27 =7]9] 0 HA
=5 ItH(Chang & Jang 2011; Park

o r
N



| 68 SA{elA2WSEX|  Vol.2,No.2 (2021)
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) A% 98 WA 2mlE vs) 7
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Table 1. Dinning room per person and turnover characteristics of various serving methods"

. Seating space/person Turnover rate per
Service type (m?) seat per hour
Cafeterias not includin Industrial L11~1.49 23
S & Commercial 121~1.67 1V4-2Vs
& School 0.93~139 23
Lunch rooms and coffee Counter and table service 1.39~1.58 2~3
shops Counter service only (included counter & serving table) 1.67~2.42 2~3%
. . Deluxe type 1.21~1.67 Vol1Va
Waiter service restaurants Medium price type 1.02~139 1-2%
DAvery 1989
Table 2. Criteria of kitchen area by service type of restaurant”
A B C
Kitchen type . Offices, welfare facilities, mechanical ..
Kitchen area . Condition
and electrical rooms, garages, etc.

N ol 1/3~1/4 of dinning room (m?) If turnover rate is 1
oncommercia 0.35 m? per person - If numbers of users >100
foodservice )

0.25 m~ per person If numbers of consumer >1000
Commercial 1/3 of dinning room (m?) )
foodservice 0.5 m?~1.1 m* per person 2-3.0 m? per employee

DJFEA 2001b
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Table 3. Estimation method for determining foodservice facility space

Classification Formula Summary Sources

S: Required number of seats

Seating _ M M: Meals

number Based on tumover S Crx Ho Cr: Turnover
Ho: Peak time
A: Dinning area

.. . M: Meals

Dmsmfczrea Based ;)rr;:mnmg A= CM—;( ﬁs Cr: Turnover Avery 1989
P r © Ho: Peak time

As: Dinning area/Meals

Applving a simple A1=7 Al: Kitchen area (commercial restaurants)
el ritio p Ad A2: Kitchen area (noncommercial foodservice) JFEA, 2001b
A =3 Ad: Dinning area
A: Kitchen area
M: Meals
Kitchen M x Ak Cr: Turnover
space Based on meals A= Crx o +CxE Ho: Peak time JFEA, 2001b

Ak: Kitchen area/Meal
C: Required area for employees
E: Number of employees

A: Kitchen area
Based on seats A=SxAr S: Required number of seats Avery 1989
Ar: Kitchen area/meals

T WA =0.93 m¥/EH4] x7041=65.1 m? = T4 @ell A&t vl AErol AR ofef e} 3ol
. s s s 4 1E‘r
o] AkZxE]o] ShollA FAHHA G WA} A2 XS
o 4 9 = QJule Al A Zn} 3|
T} 3HH, JFEA(2001b = ARES2) ] 9] ‘T_Ho 2 1) 24 25ve
715 A S A A & WA 13, dAEe
N N, _200%] /hrx 25 L/ _
735 13~1/42 AN BT o] 71es ol A7 % = 5 hr =3,333 L/r
W2 633 m%l 2H 63.3 m?x3=190.8 m*2] WZlo] AEx
o] 2 S Eoh 2) 7Y SEEeH
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Table 4. Estimated usage of water and energy by restaurant facilities (when gas is supplied)"

Type of energy Restaurant Hospital School Remarks
Cold water (L/meal) 25 16 10 Beware of the water pressure
Hot water (L/meal) 8 8 5 45~65°C
Gas (kcal/meal) 700 465 520 Be aware of the type of gas
Electric (W/meal) 300 350 300 Single phase, 3 phase
Steam (kg/meal) 0.3 0.7 0.5 Beware of the steam pressure
YJFEA 2001b

Table 5. Water usage by restaurant facilities"

Factor Usages Time
Type of service Water usage per meal (L/meal) Kitchen operation per day (min/day)

Chinese food 80
Western food 80
. Japanese food 70

Commercial 720
Noodle 50
Snack 45
Coffee shop 20

Noncommercial cafeteria 45 600

DJFEA 2001a

Table 6. Piping equality

Diameter of pipe (A)

Stainless steel pipe (A)" 13 20 25 32 40
13 1 -
20 2.5 1 -
25 5.1 2.1 1 -
32 8.1 32 1.6 1 -
40 153 6.1 3.0 1.9 1
50 219 8.8 43 2.7 14
Diameter of pipe (A)
White steel pipe (A) 15 20 25 32 40 50 65 80
15 1
20 2 1
25 2.7 1.8 1
32 3.7 3.6 2 1
40 7 53 29 1.5 1
50 11 10 55 2.7 1.9 1
65 20 16 8 43 2.9 1.6 1
80 54 38 21 11 7 39 2.5 1
"SHASE 2010
JJFEA 2001a
3. ko] T A 42 ARk
1) 5= A
el AL Agar] gelE AL Be Tk (1) 35 2o 44
“Table 5> 7 ALgTE Hiedslof @), F17) B AR AT F4 ade Pl HH §5E B
WA w4 S0 FAS FE vielsle] MiEAE Wl & 2 Pekslel 12247 B9 293k F4Y /1E 80 L
FHERTable -8 Fxdle] $8F + Y= A4 B H8HA<Table 5> $4 @l BB
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Process

Method

1) Determination of
allowable amount of
drainage.

1) Identify the size and quantity of drains for kitchen equipment.

2) Determine the allowable amount of drainage by summing up the allowable amount of vertical pipe
in the drain.

3) Refer to Table 7.

1

2) Calculate the diameter
of the drainage pipe.

1) Identification of allowable water by slope of horizontal drain pipe.

2) Select the diameter of the horizontal pipe size that accommodates the allowable amount of drainage.
3) Consider trench installation for large piping.

¥) Select the diameter of the vertical main pipe that accommodates the allowable amount of drainage.

1

3) Determination of
indirect drainage.

1) Determine whether the atmosphere is open (direct floor drainage, trenches, etc.).
2) When indirect drainage is required, design is reflected by identifying gaps by standard.

Ek= (50241 x 80 L) 334

Figure 1. Calculation method of drainage facilities
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Table 7. Allowable flow rate and allowable velocity by slope of horizontal drain piping”

Allowable flow rate and allowable velocity of drainage horizontal branch pipe and main pipe

Diameter of . . .
pipe 1=1/25 1=1/50 1=1/100 1=1/150 Vertical dé??age pipe
= Qp3? W Qp3 - Qp3 - Qp3 -
30 mm 0.45 0.64 A - - - - - 0.36
40 mm 097 0.77 0.69 055 - - - - 0.78
50 mm 1.76 0.90 125 0.63 - - - - 141
65 mm 3.50 1.10 250 0.76 - - - - 2.80
75 mm 520 118 3.70 0.83 2.62 0.59 - - 420
100 mm 112 1,43 7.90 1.00 5.60 0.71 - - 9.00
125 mm - - 143 1,17 10.1 0.83 830 0.68 163
150 mm - - 233 132 165 0.93 135 0.76 26.5
DSHASE 2010

2Qpl and Qp3 are the allowable flow rates (L/s), assuming the drain load of the facilities

Yy is the flow velocity (m/s).

“The blank (-) is when the flow velocity (v) is less than 0.6 m/s or more than 1.5 m/s

Process

Method

1) Calculation of
effective ventilation

1) Hood face velocity method
Qm =Hd x Vh x 3600

—y| Qm: effective ventilation
Hd: surface of hood,
Vh: hood face velocity of hood

2) Set the air supply to 80% of the effective ventilation.

1

2) Calculation of
the duct size

3) Ad=Qm + Vs~+3600

| Ad: area of duct
Qm: effective ventilation
Vs: criteria velocity

4) Refer to Table 9 for selecting the size of duct.

1) Calculation of area when passing based on the velocity of 10 m/s in the duct
2) Proceeding the order of main duct — branch 1 — branch 2 — branch 3, etc.

1

3) Determination of the
specification of exhaust fan

1) Calculate the required static pressure by calculating the friction loss of the duct.
—[2) Determination of required air volume over effective ventilation.
B) Selection of an exhaust fan capable of discharging the required air volume at the required static pressure

ool oJa F717H MiEHEA AVle SUFTE BET
FRIFS ST = e S /K wpr1ASs A

© AR A eTh

T fFEsEs 2A-E o gk, $= WE

, S713] 9] 371R] who] Eol| AREHET $ =0 |
F& 7158 dEALHI(JEHC 2005014 Frada) w2
o] =71 wet AXIG 7IE

Figure 2. Calculation method of kitchen air conditioning facilities

=1 9} 7+o] Zt 10,108 (Cubic meter per hour: CMH), 5,968.7
s} CMH, 8230 CMHS.Z ZAA et whehA, frasy|de

7P =& ZF 10,108 CMHS HQl HEEM o 2 AHSINITH

() 9554
V=3600xvfxAf )
V. o 5 §]_7]go]: (1’1’13/1’1)

S A8l A8 A(Choi vf: fﬁ PR o] HEL(m/s) (FE T2 FAFo]

2015)2] =7 sollA] AEd Fadr|Fe UIEH 52 Houg <Table 8>2] 0.3 m/sE

(5). G 4 (6), 1AM 54 (7)) W ofe

Hegh
AR ?E SRre] §5 49 5

w2 (m?) 9.36 m* (3
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Table 8. Recommended hood face velocities according to grease, vapor and heat of equipment®

Types Hood face velocities (m/s)

Applicable cooking equipment

General cooking equipment 0.3

Cooking equipment generating

0.5
a large amount of grease, vapor, or heat

All electric cooking equipment, range, and oven

Overall gas cooking equipment
Chinese cooking range and fryer, etc.

DJEHC 2005

714 =5 09mx09m 1, I mx1m 2, 1.45mx0.8m
Ith, 2.1 mx0.85m Ith, 24 mx1.5m 1HE & 6= 713
3L ofell met = T2 936 m*Y)

<. V=3600x0.3x9.36=10,108 CMH

(2) dg=hhy

V=NxKxQV (6)

V: 23713 (m’/h)

N: wi7]|F=9] Ao w2 AlS=: ABFgo| 22 20 (m’/h)
(JFEAQ2001a)cl14] B715=2] 3|7} zFloH 30 m¥/h, At
Z¥golw 20 m¥hs #83h

K: 989 d9AssgT o] &9 7k~ (m*kWh) (95 1
kW% 0.93 m*/kWh)

Q: 3715 AREshe Aule] AAl AFAH FHKW/m?)
320.9 kW AR Mz V7 7=t 2, 1
3 oA 4d), 29 A 1, =2E0A] 1, 7t
2nkE HE 7P AAH S 32,000%2 (TaTt<E)+
24,000%4 (17~ 22U A])+48,000%1 (27 F2-#<UA)
56,000%1+12,000* 1 (7F223H2)=276,000 Kcal/hr ©|= o]=
kKW= $AH1H 3209 kWhed)

. V=20 m*/hx0.93 m*/kWhx320.9 kW/kg=5,968.7 CMH

(3) 7134H

V=Nxvr (7

V: §-823H7]%(m’/h)

N: 3713153 /hr) JFEA(2001a)°] 5032 #-4-3h

vr: 714 Fe] AeHm’) G WAL 633 m% A
A 26mE F3PE 164.6 m® A=)

" V=164.6 m*x503] /hr=8,230 CMH

=
FAue] Wy gEE Sk g1 f45E 1F0R
o olgsle] T A e B WAL

NEHa Sk olge] WAL Sk FA0R AYat,

A \4

73600 x vs ®)

A: HES] P o m’)
V: F-23H7] % (m’/hr)
vs: 9E 9] 7|F #<E(m/sec) 10 m/sec

AeATollA & dFE23ole ole] =7t X =
Al Hed 9ES] AlSS wIIYE(10,108 CMH)«— =£9]
FE(6,220 CMH)« 7F=H|[olE $5(4,277 CMH)« 29
01%] F£E(2,333 CMH)< 7}=F8k7] = (1,955 CMH)«
2171412 7] F=(875 CMH)2] <=M 2 AlS-S FAsH =
ATh.

(1) Wilze] 4

HogE We §458 10ms=E AAstY fas7)
10,108 CMH (m*/hr)2 CMS (m/s)&2 Wgkate] 2] (8)o

Yabd molP g damze 0281 molt. E 98
600 mm %73¢] ¥ etES] HAo] (0.292 m? <Table 9>0]H
2 A7 600 mme] YFHER mIgE] 748 AHsA.

10,108 CMH

_ 2
36005,/ hr x 10m/sec 028 ™

A=

(2) A &2 4

400mm 938 gE2] WH o] 0.13m?]L 250 mm ¢
gE2] WA0] 0.05 mo|nZ AEA 1o} A FALSE
400 mm ¥E SES} 250 mm 98 HER XAGE 14
< A3

__4.288CMH___ _ )
Al 0s7hr < Tom/see 012 ™
_ 1,928CMH___ _ s
36005 /hr x 10m/sec 0024 m
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Table 9. Duct friction loss at 10 m/s velocity and equivalent length of long bend"

Equivalent length of long bend

Diameter of round duct Duct area Friction loss per m
90° long bend 45° long bend

Inch mm m? mmH,0 m m

10 254.0 0.051 0.483 3.05 1.52
12 304.8 0.073 0.392 457 2.74
14 355.6 0.103 0.325 5.33 3.20
16 406.4 0.130 0.275 6.10 3.66
18 4572 0.164 0.242 6.86 4.11
20 508.0 0.203 0.208 7.62 4.57
22 558.8 0.245 0.192 8.38 5.03
24 609.6 0.292 0.167 9.14 5.49
26 660.4 0.343 0.150 9.91 5.94
28 7112 0.397 0.133 10.67 6.40
30 762.0 0.456 0.125 11.43 6.86

DAvery 1989
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Table 10. Filter capacity table at 2m/s velocity”

. . 1 i
Filter size (mm) (Cleail Renkienies

Rating (CMM)?

(mmH,0)
400x500 1.27 19.8
500%500 1.27 255

DAvery 1989
I Cubic meter per minute

Table 11. Blanch entrance loss at 10 m/s velocity”

Angle of entry Blanch entrance loss (mmH,0)
Angle of entrance 30° 1.27 mmH,O
Angle of entrance 45° 1.78 mmH,O

DAvery 1989
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