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Abstract : In this study, MACT (Maximum Achievable Control Technology) application effect was evaluated for minimization of
benzene fugitive emission in petrochemical industry. Although fugitive emission for benzene in the nation was regulated by the
Clean Air Conservation Act from 2015, the US EPA already has introduced MACT standard to minimize its emission with up-to-
date technology since 1995. EPA Emission Factor (AP-42) and EPA MACT Standard Guideline were used to assess MACT application
effect. As a result, For MACT application it could reduce benzene emission up to 98% (average) comparing with uncontrolled
facility, while the national regulation could achieve about 95% (average) reduction which is slightly lower than MACT. However
there is no control measure in the national regulation to reduce benzene emission for vessel loading even though MACT standard
requires preventive facility such as VRU (Vapor Recovery Unit). For further reduction of benzene emission, it needs to be mandatory
for operation of VRU when benzene product is loaded in vessel. These efforts could contribute to achieve the global level for
benzene emission management in national petrochemical industry.

Key Words : MACT (Maximum Achievable Control Technology), Benzene, Clean Air Conservation Act, Fugitive Emission, Vapor
Recovery Unit
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Fig. 2. Application of MACT standard for major process,
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Fig. 3. Overview of LDAR (Leak Detection And Repairs).
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Table 1. Modeling factor for benzene production process Double Sealg zF3=11 Ql=d), 3|5 Sealing A=]of| tf5}o]
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where

Lri - emission rate of component i, 1b/yr

Lr - weight fraction of deck fitting losses, lb/yr

Lwp - withdrawal losses, 1b/yr
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Fig. 5. Overview of internal floating roof tank.

Table 2. Modeling factor for benzene tank

Value Unit
Tank capacity 50,000 Bbl
Turnover 43 Per year
Daily average ambient temperature 585
Daily average maximum temperature 675 °F
Daily average minimum temperature 511
Average wind speed 224 m/s
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For Emission of Loading Petroleum Liquid

LL = 1246 * SPTM 4)

where
L. = Loading loss, pounds per 1,000 gallons (Ib/ 10° gal)
of liquid loaded

S = Saturation Factor

P = True vapor Pressure of liquid loaded, pounds per square
inch absolute (psia)

M= Molecular weight of vapors, pounds per pound-mole
(Ib/Ib mole)

T = Temperature of bulk liquid loaded, °R (*F+460)

35t Al WAl viEFS APgsh] fig S 9 A
I Q3 942 Table 30 eyt £3] &3} wj&SF
S ol whg} Saturation Factors Era] #-&3fof

g, 8AF U sjAref| tfsle] Submerged loading CaseS
4-gsto] wiEdS AHdsaich

Table 3. Modeling factor for benzene loading

Value Unit
MW 7811 Ib/lbomole
Vapor pressure 78 mmHg
Temperature 70 °F

) 05 Submerged loading (Clean Cargo)
Saturation factor
02 Submerged loading (Vessel)
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Table 4. MACT application effect in benzene production process

Uncontrolled MACT (LDAR)
No. of equipment 2,497 ea 2,497 ea
Yearly emission 3,498 kg 88 kg
MACT Reduction - 97%
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Table 5. MACT application effect in benzene storage process

Uncontrolled MACT
(Internal Floating Roof)
Tank capacity 50,000 Bbl 50,000 Bbl
Turnover per year 43 43
Yearly emission 81,988 kg 665 kg
MACT reduction - 99%
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Table 7. National regulation for benzene fugitive emission

Standard

Leak : 2,000 ppm*
(until 31th Dec, 2017)
Repair : within 45 Day

Production LDAR

Floating Roof

Storage Tank, etc Both enable Internal & External
Vanor Reduction Efficiency : More than
. Recovg otc 90% or Emission* : Less than THC
Loading . 50 ppm (until 31th Dec, 2017)
Marine None -

* Standards will be reinforced from 2018
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=3}A FRT (Floatmg Roof Tank) &-§8}A, LY==
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2+ Table 89 eIt Fig. 7o 4= MACT A& A A
7&'31-50] 97~99% <=7=¢]1, National Regulation 285 7
o= 90~99% FEoZ AZF 7 Feld 4 Qlrh

Table 8. Summary of benzene fugitive emission

Un- MACT National
controlled  application  regulation
Value Value Value
Production (kg/ea) 14 0.04 0.09
Storage (kg/Tank) 81,988 665 665
Loading Land 166 3.3 16.6
(mg/loading L) Marine 67 13 -

B MACT (Left) National Regulation (Right)

100%
98% -
96%
94% -
92%
90%
88%
86%
84%
Production Storage Loading*

*MACT : land & marine loading process
National regulation : only for land loading process

Fig. 7. Benzene reduction effect with MACT and national regu-
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