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Abstract

W astewater treatment unit in an oil refinery is one of the main emission sources of volatile

organic compounds and exposure to these pollutants has major negative impacts on refinery
staff and residents of adjacent areas. The purpose of this study is to investigate the concentration
of volatile organic compounds in refinery effluents and to estimate the emission of these
compounds into the air. Concentration and pollution load of volatile organic compounds in
operating units and basins of treatment unit wastewater were analyzed using gas
chromatography and emission estimation of them was done using the Rank 2 and Rank 3 of the
US Environmental Protection Agency. The pollution received by wastewater plant was 1095
ton/y of five components: benzene, toluene, xylene, ethyl benzene and hexane, while 5379 ton/y
for the eleven pollutants including previous five components plus pentane, heptane, methyl
cyclohexane, 1-2-4 tri-methylbenzene, 1-3-5 tri-methylbenzene and dodecane. Based on
refinery feed, for each ton of crude oil processed, 187 g of the total 5 compounds and 692 g of
11 compounds are produced from operational units; but only 78% of the 11 compounds and
60% of the 5 compounds could reach the treatment unit, which indicates the emission of
pollutants in the transfer path. Overall, for each ton of processed crude oil, 48.5 g of 5
compounds and 241.6 g of 11 compounds from effluent treatment ponds are emitted to the
atmosphere. Identifying the sources of volatile organic compounds production is one of the
ways to reduce the pollution load entering the treatment unit and thus reduces the emission from
the refinery. Based on these results, refineries could apply proper strategies for emission
decrease. This research has been done for a refinery with ten megatons capacity per year and
medium complexity, which could be used by any analogous refinery in the world.

Keywords: Air Pollution, Volatile Organic Compounds, Oil Refinery, Wastewater Treatment
Pond, Emission.
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Table 1. Produced wastewater in separation of refinery process units (EPA, 2015)

Average flow

Average benzene

Roy EEOCESS Wit factor b (gal/bbl) concentration ¢ (ppmw)

1 Crude distillation 2.9 21

2 Vacuum distillation 3 12

3 Hydrotreating/hydrorefining 2.6 6.3
4 Isomerization 1.5 33

5 Thermal cracking/visbreaking 7.1 40
6 Base oil 2.6 6.3
7 LPG 1 5

8 Hydrocracking unit 2.6 14
9 Hydrogen plant 80a 62
10 Catalytic reforming 1.5 106
11 Gasoline 2.6 6.3
12 Liquefied gas refining 2.6 6.3
13 Refining light naphtha 2.6 6.3
14 Tank drawdown 0.02 188

a This flow factor is given in gallons per million cubic feet (gal/MM ft3) of gas production

(EPA, 2015) oy 3L 31 sl 55 03 4 o 28 8 113 T LS5 ale Y g

Table 2. Concentration ratio of volatile organic compounds to Benzene in wastewater unit (EPA, 2015)

Inlet of wastewater

Inlet to biological

Pollutant treatment unit treatment unit
Benzene 1.00 1.00
Ethyl benzene 0.88 0.086
Hexane 3.50 0.047
Toluene 33 0.80
Xylene 3.6 0.33
Total VOCs 81 17
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Table 3. Default emission factors for refinery wastewater collection and treatment systems (EPA, 2015)

Mass fraction of pollutant emission

Pollutant based on inlet concentration of
wastewater unit
Benzene 0.65
Ethyl benzene 0.66
Hexane 0.97
Toluene 0.66
Xylene 0.64
Total VOCs (using butane) 0.94
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Table 4. Emission estimation of selected volatile organic compounds from treatment unit ponds

using Rank 2 and Rank 3 methods

Eleven selected

.. BTEX+C;
combinations
Ton/yr kg/hr  Ton/yr  kg/hr
Received pollution to wastewater unit 5379 614 1095 125
Emission estimate by Rank 3 5056 577 788 90
Emission estimate percentage by Rank 3 94% 72%
Emission estimate by Rank 2 2416 276 485 55
Emission estimate percentage by Rank 2 45% 44%

s sbsl&ay Yy b tnagy cnl 513 T LS5 Lesl ey lie -0 5
Table 5. Emissions comparison of volatile organic compounds of the present study with

other refineries in the world

Emission VOC emission
Refinery from factor
Refinery capacity wastewater Pollutants Reference
. . (Grams per ton
(Mton/yr) recycling unit .
of crude oil)
(tons /yr)
lireem 4 320 Benzene, 20
Goteborg toluene,
alkanes and (Frisch, 2003)
Skandinaviska 10 480 alkenes up to 48
15 carbons
A refinery in Alkanes and
northern 3 1119 alkenes below 373 (Wei et al., 2016)
China five carbons
Kurnell 2.6 280 BTEX+C6 45.2 (EPA, 2008)
10 485 BTEX+C6 48.5
Present study 10 2416 11 VOC 241.6 )
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