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Abstract

Due to rapid increase of cars, more gas stations are urgently needed to provide more fuel.
The 1974 gas stations in Taiwan are expected to have a rapid growth in the near future. The
total emission of volatile organic compound (VOC) volume is 21,000 ton per year, which is
2.62% of the non-methane VOCs of the year 1999. These compounds include benzene,
methylbenzene etc, where most of them are hazardous air pollutant. Thus, decreasing of
emission of VOCs from gas station is an important camp to protect human health and a clean
environment of the earth.

The research used an important and effective method to reduce the emission of VOCs
from gas station, which called “emission, detection and reparation”. A computing model is
then being devel oped to calculate the volume of VOCs. This study selected 9 samples gas
station to implement the L eakage, detection and reparation” (LDAR) process and calculate
with two methods, where the first used the inspection method from the gas station, and the
second applied AP-43 theory from Environmental Protection Agency (EPA), USA.

The 257 refueling guns from the 9 gas stations resulted a total V OCs emission of
81.49438 ton per year from the first and second method. While the emission during the
refueling using the first method is 3.48505 ton per year. Finally, the volume reduced of the
method can be calculated, after the gas station dealers have improved the air pollution, and
applied the “LDAR” method for the second inspection.

Keywords. Emission, Volatile Organic Compound, Leakage, Detection, and
Reparation, Environmental Protection Agency
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Introduction

Ozone (O3) has become the main index of pollution for air quality in local research.
Ozone isthe result of a complicated photochemical reaction between Nitrates (NOx) and
volatile organic compounds (VOCSs). In order to reduce the pollution from ozone, both NOx
and VOCs have to be controlled. Nevertheless, the harmful air pollutants (HAPs) within the
VOCs are yet another important issue. Thus, a deep understanding of the source and quantity
of VOCs are needed to pursue a camping for controlling of air pollution.

Gas station is known to be one of the main sources of emission. An estimate from AP-42
emission index shows 21,000 tons per year of VOCsin Taiwan, which is almost 2.62% of
80,200 tons of Non-MetylHydrocarbonate (NMHC) of the year 1999. Under the catalyst of
sunlight, these VOCs will react with the NOx in the air and result in Ozone.

Gas stations have been rapidly increased since the privatization of fuel business. Cars are
also increase in the other way due to higher living standard, which further result in more
rapid increase of gas stations because of the needs. The air quality will be affected shortly if
there is no effective method to control the emission of VOCs.

In order to enforce the improvement of environmental air quality, Environmental
Protection Agency (EPA), Taiwan, has introduced a gas station emissions recycle system. A
66% of implementations have been achieved within Taoyuan County before the subsidy
campaign in Mar 2000, and more then 90% by the end of 2000 under aggressive campaign of
Taoyuan Environmental Protection Agency.

Although the government has not announced anything regarding VOCs emission standard
and control of gas station, Taiwan EPA has issued some related VVOCs control decree, such as:
“ The VOCsair pollution control and emission standard”, “artificial leather industry VOCs
control and emission standard” and * Semiconductor manufacturing air pollution control and
emission standard”.

VOCsis known as the organic compounds of more than 0.1mmHg under the standard
atmosphere 20°C, 70mmHg. VOCs emission from the gas station is normally metyl with less
then 8 carbons. They will perform a photochemical reaction with NOx in the atmosphere to
produce strong oxidized materials, which is the main cause of ozone and photochemical
compounds pollution. The concentration of ozone will increase or become Peroxy Acetyl
Nitrate (PAN) or Peroxy Benzoyl Nitrate (PBN). Since most of the VOCs are toxic or
carcinogenic, they are categorized to be amajor of toxic air pollutants (TAPs). The 1990
Clean Air Act Amendment (CAAA) of America has listed many of the VOCsto be TAPs,
such as:. tetrachloro-ethylene, benzene and dimethylbenzene. The “ Standard allowable toxic
concentration under labor operating environment” which issued by Taiwan Council of Labor
Affair aso shows that most of the components are VOCs. Furthermore, a* Organic solution



poisoning precautionary rule’ has also been issued, which also show the severe harm of
VOCs to the environment and our health, especially to those gas stations within the
metropolitan, where higher populations are located. Thus, a control to VOCs has become one
of the indispensable issue to every environmental department of the local government.

Instead of achieving a 100% installation of vacuum secondary gas recollection refueling
gun, more can be done to enforce the prevention of air pollution by gas stations, such as: the
total application of gas recycle system and the maintenance of gas recycle system. This
research tends to study the management of VOCs by the gas station, in order to provide a
reference and technique to reduce the emission of VOCs effectively.

Gas recycle system for gas station

1. Relation between thetotal hydro-carbonate compounds emission country wise and
the gas station
Gas station is one of the main emission sources of VOCs. According to the estimation
by America EPA AP-42 emission index, the VOCs emission within Taiwan is about
21,000 tons per year, which is 2.62% of the total emission of non-methane
hydro-carbonate compounds of 80,200 tons per year. The relation between VOCs
emission of gas station and other businessis shown in Fig. 1. The VOCs emission from
the gas stations will perform a photochemical reaction with NOx under the catalyze of
sunlight to generate Ozone, which will cause great harm to human body as well asthe
environment.

2. Gasrecyclesystem

Gasrecycle system isdivided into 2 stages. The first stage is used to recollect the gas
emission during fuel discharging from tanker to the fuel tank in the gas station. While the
second stage is used to recollect gas emission during refuel to the cars.

The existing system used for the second stage is the vacuum secondary refueling guns
recycle system. The vacuum secondary refueling guns recycle system used a secondary
external power to re-collect the emissions during gas refueling back to the fuel tank. This
system can either work with or without a back end treatment facility. Table 1[2] shows the
comparison and characteristics among the vacuum secondary refueling guns recycle
system.

The back end treatment facility being used is a combustion tower. The technical effect
of the model is part of our study.



3. Theimplementation result of gasrecycle system in refueling guns
There are 1974 gas stations recorded in Taiwan, where 209 are listed within Taoyuan
county, which is 10.59% of the total gas stations and the highest among all the counties.
188 gas stations, or 90%, have installed the gas recycle system, which 187 of them are
subsidized by the government. Table 2[3] shows the gas recycle system in each county.

Method to study

1. Calculation of VOCs emission and reduction from gas station

Currently, there were no VOCs emission records of all the gas station according to the
EPA-97 database from the 8 counties in north Taiwan. In order to justify the exact result
of the VOCs reduction from gas stations, it is important to calculate the VOCs emission
before and after the implementation.

We have developed a VOCs emission estimation model base on an “actual value’, in
order to control the total VOCs emission, and hence to reduce the VOCs emission.

This model has been used by Taiwan EPA on 8 counties in north Taiwan in a project
called “North area air quality improvement project” (project code: EPA-89-FA 13-03-056)
during Jul 1999 ~ Dec 2000. Three seminars have been held at Keel ung city (2 May
2000), HsinChu city (30 May 2000) and Taipei city (19 Sep 2000) respectively regarding
the “Technical seminar for reducing VOCs emission by gas stations’. The method
propose at the seminars are “ L eakage, detection and reparation” (LDAR). Below isthe
rules for the method:

B Definition for leakage and emission standard:

A. America EPA AP-42 emission index:

i)  Diffusion of VOCs by gas station should include fuel discharging, fuel
tank respiratory process, refueling and fuel splashing.

ii)  Diffusion of VOCs per liter of gasoline is 2,400mg.

iii) Emission of each item isshown in Table 3.

B. If therefueling gunistaken as an “opening valve of a petrol-chemical
equipment*, the defined leakage value is. net inspection value greater or equal
to 10,000ppm.

C. thecondenser recycle system tank in the gas station will be defined as a non-
destructive recycle treatment, as define by the “listed tank in the
petrol-chemical business’, where the VOCs emission limit is 300ppm.

D. The“vent” inthefuel combustion tower in the gas station is define as a
destructive recycle treatment, as define by the “listed tank in the
petrol-chemical business’, where the official reduction of VOCs should be



greater or equal to 95%.
B Technica effect:

It is an aggressive method to apply “leakage, detection and reparation (LDAR)”

project on al the air pollution preventive jobs for al gas station. By applying LDAR

to all equipments in the petrol-chemical process, we can achieve a 60%([4,5]

reduction of VOCs as stated in Table 4 and 5.

B Example

The energy technology center of Yuan-Ze University has perform aVOCs inspection

in“gasstation | in Kee Lung” on 2 May 2000. Theresults are asin Table 6:

A. The gasrecycles system technical effect for the station is 96.55%.

B. The gas combustion tower technical effect for the station is 99.9995%.

C. Thediffusion concentration of VOCs for the refueling gun when no refueling
process is performing still remainsin ahigh level (6,542.77ppm ~
7,203.72ppm). Possibly cause by:

i)  Thequality of the refueling gun, or
i)  The maintenance of the refueling gun is not thorough.

D. Thediffusion concentration of VOCs for the refueling gun during refueling
process is 189.72ppm, 1,298.72ppm and 2,246.72ppm respectively. Which also
shows an issue lying within the variance of quality for the gas recycle system.

E. VOCsemission per year for each refueling gun can then be obtained by
comparing the concentration of emission for each refueling guns and the total
loading per year.

B Operation procedure:
A. Model to calculate VOCs emission for gas station:

E =E4+E

res

inwhich E, istotal emission, E;, isemission during discharging from
tanker (emission coefficient), E,. isemission for tank respiratory (emission

index), and E,, isemission during refueling (inspection value) .

B. FOXBORO TVA-1000B method[6]:
i)  Emission of refueling gun when not refueling: petrol-chemical process
opening valve
ii)  Combustion tower: petrol-chemical process opening valve
iii)  Emission of refueling gun during refueling: petrol-chemical process
pump
iv) Vent for fuel tank: vent for petrol-chemical process tanks
C. Mode to calculate VOCsfor gas station:



If all equipmentsin the gas station (refueling gun, combustion tower or fuel
tank vent) are not qualified during the first inspection, a re-inspection will be
performed:
VOCs reduction = Total VOCs emission before re-inspection — Total VOCs
emission after re-inspection
2. Mode to calculate thetechnical effect of gasrecycle system in the gas station
A. Model to calculate the technical effect of gas recycle system in the gas refueling

gun:
Asdefined in “ Standard emission and VOCs air pollution control”[7] act 55, the
reduction of VOCs should be:
R = [(E — Eo)/E] X 100%0 ----=-=-===n=nmnmmmmmmmm oo 2
where

E = mass flow rate (Kg/hr) of VOCs before implementing pollution
preventing equipments

E, = mass flow rate (Kg/hr) of VOCs after implementing pollution
preventing equipments.
Apply egquation (2) to the refueling gun:

Rrefueling gun = [Erefueling gun — Eo refueling gun] / Erefuling gun ~TTTTTTTTTT (3)
where

Erefusling gun = FU€l tank V OCs detected concentration

Eo refuling gun = V OCs detected concentration during refueling
Fuel tank VOCs detected concentration (Eefueling gun) 1S the VOCs emission
value detected by using FOXBORO TV D-1000B when the fuel tank is open
before refueling. While VOCs detected concentration during refueling is the
VOCs emissions value detected at the refueling gun by using FOXBORO
TVD-1000B under normal working of refueling gun and gas recycle system

B. Gas combustion tower technical effect:

According to equation (1), the technical effect for combustion tower is:

Rcombusti on tower — [Erecycled gas — Ecombustion tower] / Erecycled gas ~TT7C (4)
where

Erecydled gas = VOCs concentration detected for recycle gas collected

Ecombustion tower = V OCs concentration detected at the exhaust of
combustion tower

Results and Discussions

1. Resultsof practical measurement at gas station
The VOCs emission calculation model for gas station developed by the institute has



been successfully implemented in 9 gas stations at Tao Yuan county. Before the
calculation, we have applied FOXBORO TVA-1000B FID flame ion detector at the 9
gas stations for practical measurement. The results from gas station A is shown in Table

7

A.

When no refueling process, ie. when gas recycle system is not working, the

V OCs emission concentration for the refueling guns numbered
311/231/211/121 have all exceeded the standard emission of petrochemical
process equipment opening valve, 10,000ppm, which has fully shown that the
refueling guns were not maintained well. The dealer has to perform athorough
maintaining process immediately to avoid abnormal VOC emission.

During the refueling process, ie. when gas recycle system is working, the
VOCs emission concentration for the refueling guns numbering 331/231/121
also exceeded the standard emission of petrochemical process equipment
opening valve, 10,000ppm, which also shown that the gas recycle system
didn’t function properly and should be repaired immediately.

Results of emission calculation at gas station
In order to establish a standard VOCs emission calculation model, we have shown an
example on how to work with gas station A as below:

A.

Find out the greatest concentration measured from Table 7 during refueling, as
shown initem 1 (92 non lead fuel) and 3 (95 non lead fuel), whichis
1,147.56ppm and 99,999ppm respectively.

The emission of VOCs per year can be calculated by the average total fuel
sold per month, which is 13.44170 ton per year as shown in Table 8.

Effectiveness analysis of recycle gas at gas station

A.

According to America EPA AP-42 emission coefficient (as shown in Table 3),
the VOCs emission coefficient for refueling 1 liter fuel when gas recycle
system is working should be 132mg compare to 1,320mg without the gas
recycle system. Thus, the theoretical technical effectiveness of the gasrecycle
system by using America EPA AP-42 emission coefficient is:

Rrefueing gun = (1,320-132)/1,320 x 100% = 90%
According to America EPA AP-42 emission coefficient, when the gas recycle
system is working, the VOCs emission of 132mg will hold the total VOCs
emission for the gas station 7 of:

132/(800+120+131+80) x 100% = 10.89%
Fig 2 shows the relative AP-42 emission coefficient percentage between the
sample and total of other gas stations.
The statistical results of the 9 gas stationsin this study are shown in Table 9.
According to the results: The total gas emission for the 257 refueling gun



during refueling is 3.48505 tons per year, which is 4.28% of the total emission.
Theresult isless then that from the theoretical value of 10.89%, in other word,
0.39% of the theoretical value. The variance is mainly cause by the inspecting
equipment — FOXBORO TVA-1000B, which has alimit of 99,999ppm, while
the actual theoretical value during refueling is 300,000ppm, in other word
0.33% of the theoretical value, which isvery close to the multiplication. Thus
the result is considered highly represent. The total emission of the 9 sample
gas station is 78.00933 ton per year, where the relative percentage with the
refueling gun during refueling is shown in Fig 3.

The percentage of refueling gun of the types of fuel in Table 9 can be seen in
Fig 4. 95 non-lead fuel has the largest portion of 33%, where 92 non-lead is
31%, 98 non-lead 25% and diesel of 11%.

Theresult in D of the percentage of refueling gun of the types of fuel where 95
and 92 non-lead fuel are the major also show the same result in the percentage
of thetotal fuel sold as shown in Fig 5. The result met with the trend of needs
for the type of fuel. Thus, the result of this study is valuable to the market.
Table 10 isthe results analysis for the result from refueling guns detection. 92
non-lead refueling guns show the poorest maintenance condition. All of the 20
samples have exceeded the limitation of the gas emission in the petrochemical
processes opening valve of 10,000ppm. This study also shows the percentage
of the above problem for the refueling gunsin Fig 6.

Table 10 aso shows the worst non-functional gas recycle system in diesel
refueling gun. All of the 4 samples have exceed the limitation of the gas
emission in the petrochemical process pump of 100,000ppm. In the mean time,
75% of the gas recycle system installed in 95 non-lead refueling gun have also
exceeded the limitation. This study shows the percentage of the non-functional
gas recycle system for all type of refueling gunsin Fig 7.

All the resultsin Table 10 can be compared and analyzed in Fig 8. All the
Figures above have shown a serious problem of poor maintenance of refueling
gun and non-functional gas recycle system. The problem has to be treated
immediately in order to eliminate the VOCs emission and thus pollute our
environment as well as human health.

This study have performed the practical inspection job for the 9 sample gas
station, and issue a*“ Proposal for the VOCs pollution control” as shown in
Table 8. The statistical results before and after the reforming can be compared
and calculated the percentage of reduction for the VOCs.



4. Technical effectiveness calculation of therefueling gun gasrecycle system and
combustion tower
A. Sincethe practical detection for the 9 sample gas stations have exceeded the
limitation of the inspection machine (FOXBORO TVA-1000B), we are not
able to calculate the technical effectiveness of the gas recycle system for the
refueling gun and the combustion tower by using equation (3) and (4). The
results of the sample practical detection conducted on 2 May 2000 of “Gas
station | in Keelung” is stated below:
i)  Technical effectiveness of the gas recycle system for the refueling gun
(Rrefuling gun) DY using equation (3) is stated as below:
a E =VOCsconcentration in the refueling tank = 37,633.72ppm
b. E; =VOCsconcentration during refueling = 1,298.72ppm
C. Rieulinggun = [E-Eq]/E x 100% = 96.55%

i)  Technical effectiveness of the combustion tower (Reombusion) DY using
equation (4) is stated as below:
a E =VOCsconcentration for gas recycle system
= 37,633.72 — 1298.72 = 36,335ppm
b. Eo =VOCsconcentration at the ventage of combustion tower
=0.18ppm
C.  Rcombusion = [E-Eq]/E x 100% = 99.9995%

Conclusions

The results of the 9 sample gas stations have shown the major problem as stated
below:

A. Thedaily maintenance for the refueling gun is poor

B. Thegasrecycle systemisnot function properly

C. The maintenance for the combustion tower is poor
All these problem can be practically detected by using the “leakage, detection and
repairing (LDAR)” method suggested in this study. By using the VOCs emission
calculation model developed by this study, gas station dealer can be easily guided to
reduced V OCs effectively. The results from this study should be conducted as soon as
possible to all gas station.
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In which :

1:treatment after vacuum pump
3:electric pump  4:turbo pump

Table 1 Comparison of different brands of gas recycle system

2:blowing pump
5:vacuum pump

Total Gas |Install Recycle |Sponsored by  |Install

Sation(A) |System(B) Government(C) [Rating(B/A)
[lan County 53 39 39
Keelung City 109 16 16
Taipel City 65 60 58
Taipei County 1350 146 142
Taoyuan County 209 188 187
Hsinchu City 28 27 27
Hsinchu County 75 50 50
Miaoli County 709 6 2 61
Taichung City 809 6 6 65
Taichung County 166 135 131
Nantou County 78 53 53
Changhua County 138 75 75
Yunlin County 983 40 36
Chiai City 24 12 8
Chiai County 75 40 32
Tainan City 50 40 28
Tainan County 153 74 6 5
Kaohsiung City 9 R 87 8 6
Kaohsiung County 138 93 89
Pingtung County 97 4 4 4 3
Taitung County 40 37 36
Hualien County 52 29 29
Penghu County 11 10 10
Total 19774 1378 1365

Table 2 Gasrecycle systems installed at all gas stations country wise

15

73 %
84 %
92 %
97 %
90 %
96 %
67 %
78 %
74 %
81%
6 8 %
54 %
40 %
50 %
53 %
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48 %
95 %
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90 %
56 %
91 %
72%



Emission

Source Coefficient Remark
1 Filling Underground Tank
Submerged Filling 880 A
Splash Filling 1380
Balanced Submerged Filling 40

2 |Underground Tank Breathing and Emptying 120 B
3 Vehicle Refueling Operations

Displacement Losses(Uncontrolled) 1320 C

Displacement Losses(Controlled) 132
4 Spillage 80 D

Total Emission=A+B+C+D=2,400mg/L

Table 3 Gas station AP-43 VOC emission coefficients

Control

Emission Source Control Technology Efficiency(%)

Monthly leakage test & maintenance 61

No shaft sealed pump 100
Pump :

Double mechanic shaft 100

Closed suction system 100

Monthly leakage test & maintenance 73
Gas Valve .

Film valve 100

Monthly leakage test & maintenance 46
Light liquid valve L 21y 165¢@0

Film valve 100

Crack disk 100

Pressure release valv -

Closed suction system 100
Open line Covered & sealed 100
Compressor Anti-leakage & sealed suction system 100
Connector Sampling in closed loop 100
Average for three “monthly leakage test & maintenance” 60

Table 4 Equipment leakage control technique and effectiveness
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Company
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Emission
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Table 5 Maximum operating period, emission per year and reduction per year for each

company

Test Device : FOXBORO TVA-1000B

DATE: 2 May 2000

#

Test [tem

Test #

Background
Conc.

Initial
Conc.

Net

Conc.

Suggestion/
Remark

1—1

output of combustion tower

1.3

1.31

.18

2—1

95 Refueling Gun before Using

A 0020556

.72

65

41 65

43

2—2

95 Refueling Gun before Using

A 0020556

.72

72

02 72

0 4

2—3

95 Refueling Gun in Using

A 0020556

.72

18§

8

189]|.

24

95 Refueling Gun in Using

A 0020555

.72

3746

32 37

634

2—5

95 Refueling Gun in Using

A 0020555

.72

12

97 12

99

2—6

92 Refueling Gunin Using

A 0020560

RlRr|Rr|R|R|P

.72

22

45 22

4 7
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Efficiency for recycle system=((37633.72-1298.72)/37633.72)=96.549%
Efficiency for combustion
tower=(((37633.72-1298.72)-0.18)/(37633.72-1298.72))=99.9995%

composition: gag/light liquid material/heavy liquid material

Test by :

Test Device : FOXBORO TVA-1000B

Review by :
Table 6 Results of VOCs detection for sample gas station | at Keelung city

DATE: 3 Sep. 2000

Initial  |Net _
Background Suggestio
#(Test Item Test # Conc. |Conc. |Leakage
Conc. n/Remark
(Ppm)  |(ppm)
1192 Refueling Gun-311)/AG8906506A 18] 44 116 1147.5
292 Refueling Gun-311|A G8906506A 18] HI999| 99999
395 Refueling Gun-331/A G8906003B 18] M99 99999
4195 Refueling Gun-231/CG8901202A 18] A/I99| 99999
595 Refueling Gun-231/CG8901202A 18] 44 1901y7 18B998.
692 Refueling Gun-211/A G8909081A 18] 44 3790v0 37881.
795 Refueling Gun-121/CG8901869B 18] AI099| 99999
895 Refueling Gun-121/CG8901869B 18] 44 42935 4R916.
Combustion Tower 2|8. 76 3 4N 6 8

composition: gag/light liquid material/heavy liquid material

Test by :

Review by :
Table 7 Results of VOCs detection for sample gas station A

Gas Station: A
Tel Number:
Yearly |Usua [Total Emission
Input [Sale  [Hourly EmissionEmissionA+B+C+D(ton
Time |Gas A mount/Amount|Emission(kg/hr)|C A+B+D |ly)
8/1/2000, 98 267972 KA3 3 2|12 NA NA NA
9 2 264897 259517 . 00054
9 5 627271 605082 .10976
Lead/Diesdl| 1 0 7|13 2 0 OMNB 37| NA NA NA
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Total Emission(ton/y) 13.44170
Refueling Gun AmountRemark
98 8
95 9
92 9
Lead/Diesdl 4
, 1{improve the maintenance for 92,95 refueling gun.
Suggestion - :
2The 95 recycle system is out of work, correct it.
Table 8 Results of calculations of emission for sample gas station A
Total
\VOC VOC Emission(ton/
sale amount on 8908(L/Mon) Emission |Emission |y)
Gas when on usual
Station 918 95 Lead/Diedel |refueling(C)|(A+B+D) |C+A+B+D
A 23,|322 605,082 259, 517 94,8370.48313
B 16,000 130,000 70,000 75, 000/0.11622:
C 14,498 364,416 174,596 95,8310.42827
D 25,/9414 520,652 202, 6|46 00.57469633
E 1, 836 105,896 56,518 21,1460.130504
F 4,522 135,050 75,7811 49,9900. 185617
G 3,953 112,594 74, 626 43,9920.148755
H 41,1400 739,406 240, 638 500, 25/20. 8925
I 11,093 446,392 207, 355 70, 0240.52532
Total (142}, 568 | 3,159,487| 1, 361,67 951, 0723. 4
Table 9 Total results of VOCs detection for all sample gas stations
Total
Gas Refueling Test Bad Maint. |Bad Recycle %for. Bad % for Bad
Amount Maint. Recycle
Gun
98 65 4 3 2 75.00 50.
95 8pb 34 31 25 91. 18 7
92 80 20 20 13 100./00 6
Lead/Diesdl 217 4 0 4 0.00 100.

Table 10 Analytical results of detection of refueling gunsfor al gas stations
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