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Why is this important?
Introduction

NO  1

Examples of typical dual carbon canister systems with manifolds 
to facilitate carbon changeout

F IGURE      1

The lack of design documentation 
for carbon adsorption systems 
used to control air emissions 
from BWON-affected waste 
management units (WMUs) is a 
routine finding during refinery 
Benzene Waste Operations 
NESHAP (BWON) audits. 
Regulated facilities often rely 
on empirical data to determine 
carbon usage and monitoring 
frequencies. EPA has attempted 
to improve the performance of 
carbon adsorption systems by 
developing specific protocols for 
breakthrough monitoring and 
carbon replacement in refinery 
Consent Decrees. However, 
Consent Decree provisions do not 
necessarily fulfill the underlying 
regulatory requirements. In fact, 
the breakthrough concentrations 
defined by Consent Decrees are 
not always as stringent as the 
breakthrough concentration that 
would be determined based on 
carbon canister loading and the 
regulatory control requirements.
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What are the requirements?
Regulatory O verview, page 1 of 2

NO  2

Control Requirements [§61.349(a)(2)(ii)]
	 +	 Control VOC at 95 percent efficiency or greater, or 
	 +	 Control benzene at 98 percent efficiency or greater 

Ongoing Compliance Demonstration [§61.354(d)]
Three options are provided for evaluating performance of carbon adsorptions systems:
	 +	 Monitor for breakthrough daily
	 +	� Monitor for breakthrough at intervals no greater than 20 percent of the design carbon replacement interval
	 +	� Replace carbon at a regular predetermined interval that is less than the carbon replacement interval 

determined by the maximum design flow rate to the carbon and the VOC or benzene concentration in the 
gas stream vented to the carbon

Design Documentation [§61.356(f)(2)(i)(G)]
The BWON requires that the design analysis consider and establish the following vent stream and design parameters:
	 +	 Vent stream composition
	 +	� Constituent concentration
	 +	 Flow rate
	 +	 Relative humidity
	 +	 Temperature
	 +	 Design exhaust vent stream organic compound or benzene concentration level (breakthrough concentration)
	 +	 Capacity of the carbon bed
	 +	 Type and working capacity of activated carbon used for carbon bed
	 +	 Design carbon replacement interval based on total carbon working capacity and operating schedule

Initial Compliance Demonstration [§61.349(c)]
	 +	 Stack test the carbon adsorption system (generally not practical)
	 +	� Prepare engineering calculations and design documentation to demonstrate that control requirements are met 

Breakthrough Definition
	 +	� By definition, “breakthrough” is either two percent of the inlet concentration of benzene or five percent of 

the inlet concentration of VOC
	 +	� Consent decrees often set breakthrough concentrations and require dual 

canister systems; breakthrough for these systems is evaluated between the primary and secondary canister
	 +	� Design exhaust concentrations may be less than breakthrough defined by  

consent decrees
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What are the requirements?
Regulatory O verview, page 2 of 2

NO  2
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NO  3 What did we STUDY?
Design Documentation Methodology

The carbon canister systems at a refinery were evaluated 
and robust design documentation were developed to 
meet BWON requirements. A combination of design 
bases were evaluated including empirical carbon 
breakthrough data, engineering basis for flow rates 
and vapor concentrations, and sampling of waste gas 
streams. This data was compared to determine and 
document appropriate carbon adsorption system design. 
As part of this analysis, break-through was evaluated 
for volatile organic compounds (VOCs) and benzene 
to determine the limiting pollutant. Further, competitive 
absorption for various VOCs and non-VOCs in the waste 
gas was considered in this analysis to ensure carbon 
usage was appropriately characterized for the spectrum 
of compounds present. 

+	� Estimate design flow rates to the carbon adsorption 
systems (measured flows and engineering 
calculations)

+	� Gather representative vent stream composition data 
(vent stream sampling or Raoult’s Law and liquid 
phase concentrations)

+	� Determine design carbon consumption rates (carbon 
vendor software that considered competitive 
adsorption)

 +	� Calculate the design carbon replacement interval 
(DCRI) based on carbon consumption rates and flow 
rates to carbon adsorption systems

+	� Compare design basis to historical breakthrough 
monitoring data

Carbon canister monitoring using photo- 
ionizing device for VOC breakthrough

Summa canister sampling of 
vent stream to carbon 

F IGURE      3

F IGURE      4
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Summary of Carbon ADsorption 
System Design	
Documentation & Historical Breakthrough, page 1 of 2

NO  2NO  4

1. �	� Data reflected represents breakthrough data gathered over a four and one-half year period.

2. �	� The design carbon consumption was provided by the carbon vendor and was determined using a proprietary 
model. The model takes into consideration the total vent stream composition when determining carbon 
consumption. Speciated VOC concentration data for each vent gas stream was provided to carbon vendor. 
As a conservative basis, the design relative humidity was set at >70% and the design temperature was 
assumed to be 100°F in the model. The VOC with the highest carbon consumption is considered the “critical” 
VOC since the rate of consumption represented for that compound includes adsorption of the VOC listed with 
lower carbon consumption rates. See Figure 5 for an example of the model output.

3. �	� Two canisters in series are operated at each carbon canister location and VOC breakthrough is monitored 
between the primary and secondary canister. However, as a design basis, only one carbon canister is 
considered for the design carbon replacement interval.

 
4. �	� Design flow rate based on engineering calculations or actual measured flow at each location from stack 

testing or flow meters. As a conservative basis either a max flow rate was used or a safety factor was added 
to the flow as the design basis.

5. �	� The operating schedule for all carbon installations was conservatively assumed to be year round or 8,760 
hours per year.

6. �	� The VOC inlet concentration is based on the sum of the concentrations for the VOC species identified in both 
the EPA TO-15 and ASTM-1946 test methods or Raoult’s Law calculations.

7. �	� The design exhaust vent concentration is based on the control requirements for VOC and benzene reflected 
under the BWON, §61.349(a)(2)(ii). The rule specifies at 98% or 95% mass emission control for benzene or 
VOC, respectively.

8. �	�� The design carbon replacement interval is calculated as the carbon canister working capacity divided by the 
product of the design carbon consumption and the design flow rate to the carbon.
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NO  2NO  4 Summary of Carbon ADsorption 
System Design	
Documentation & Historical Breakthrough, page 2 of 2
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NO  5

+	� VOC was generally determined to be the limiting pollutant for carbon breakthrough, which may indicate 
that monitoring for benzene breakthrough concentration could reduce carbon change-out frequency. Carbon 
adsorption is weaker for lighter VOC compounds such as propane.

+	� Design analysis is only representative of the configuration and operating conditions at the time of the design 
analysis and carbon performance can be greatly affected by variations in the characteristics of the inlet waste gas.

+	� It is critical that there be a routine review of each carbon system’s design basis relative to historical 
performance to ensure that monitoring frequency is effectively identifying breakthrough in a timely manner.

+	� Management of change should also consider impacts on carbon performance.

+	 See Table 1 for details on the results of the design analysis.

Example model output used to predict carbon usage F IGURE      5

Totals:

Water (>70% Rh)	 60000	 2178.396

Propane 	 300	 25.367

Butane	 500	 15.939

Pentane	 10300	 14.697

Benzene	 253	 13.514

Cyclohexane	 587	 7.214

Hexane	 1210	 4.476

Methyl Isobutyl Ketone	 27.4	 1.680

Toluene	 191	 0.905

Xylene (meta)	 33.9	 0.290

	 7.34E4

Adsorbate
(Listed In Order of Elution-First is on Top)

Temperature (F):	 100.0

Pressure (atm):	 1.0
Flow Rate (actual ft3/min):	 1.0

Adsorbent Use Rate (lbs/1000 actual ft3)

	 VPR
		  (3340)

7/28/08

Concentration
(ppmv)

VOC with the highest carbon
consumption rate defined as the 

critical VOC used to determine DCRI
for VOC

Carbon consumption rate to
determine DCRI for benzene

What are the lessons learned?	
Conclusions
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