Stage II & ORVR: Will state proposal
expose motorists to an increase in toxic
benzene vapors at the petrol station PART 2
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Economic Analysis
Assumptions used in the Cost Eﬀectiveness calculations:
Fuel Savings: $3.70/gallon
Stage II Operating Expenses: $4,207/site-year
Stage II Removal Expenses: $7,000 / site (33% allocated in 2013, 33% allocated in 2015, and
33% allocated in year 2018)
State of MA Gasoline Throughput: 2,916,370,000 gallons per year; constant over period 2013 –
2022
Uncontrolled Refueling Emissions: 7.01 lbs. / 1,000 gallons
Stage II Overall Vapor Recovery Eﬃciency: 75%
ORVR Vapor Recovery Eﬃciency: 98%, constant with no degradation
81 % of fuel dispensed to GDF equipped with Stage II Vacuum Assisted systems
IEE = 0.86, 3.67, 7.0 lbs. / 1,000 gallons
STBL: 0, 1.0, 2.5 and 4.0 lbs. / 1,000 gallons
If we exclude the ﬁrst three throughput categories from above (< 500,000 gallons per year); The cost
eﬀectiveness for the three subsequent throughput categories show viable measures; where
approximately 93% of MA gasoline throughput is controlled with the combination of Stage II + ORVR
+ Processor. Of particular note, the maximum cost per ton is shown to be $8,066, with a cost of $141
per ton for the best case. These ﬁgures are for very conservative IEE and STBL; please note that these
cost eﬀectiveness ﬁgures vary greatly from the dKC reported range of $21,000 to $32,000 per ton for
Stage II enhancement.
If we exclude the ﬁrst two throughput categories from above (< 240,000 gallons per year); The cost
eﬀectiveness for the four subsequent throughput categories show viable measures; where
approximately 98% of MA gasoline throughput is controlled with the combination of Stage II + ORVR
+ Processor. Of particular note, the maximum cost per ton is shown to be $7,494, with a revenue

stream of $598 per ton for the best case. These ﬁgures are for conservative IEE and STBL; please note
that these cost eﬀectiveness ﬁgures vary greatly from the dKC reported range of $21,000 to $32,000
per ton for Stage II enhancement.
Chart 7b, above shows that with an IEE of 0.86 lb/1,000 gal and STBL of 2.5 lb/1,000 gal, the Status
Quo (existing conditions) are much more favorable than the MA DEP proposed case (Red bar vs. dark
blue bar). It should also be noted that the green bar represents the State-of-the-Art approach using a
vapor processor on the storage tanks.
In the above case, only the smallest throughput category can be excluded which allows for 98.7% of
the MA GDF throughput to be eﬀectively controlled. For the most favorable case, please note a
revenue stream of $868 per ton for the largest throughput category of GDF.
Chart 8b, above, shows the state wide MA emissions including refueling emissions and Storage Tank
Breathing Losses. The MA DEP proposal shows beneﬁts in comparison to the Status-Quo case,
however, the State-of-the-Art (SOA) case shows again the best results, with a large gap between SOA
and the MA DEP proposed case.
Negative Health Impacts
At a non-Stage II GDF, in addition to the problem of Storage Tank Breathing Losses, STBL, non-ORVR
vehicle refueling will directly expose the motorist (and nearby people) to carcinogenic vapors,
increasing toxic exposure risk factors. Please reference this link for video of a refueling event with a
non-ORVR vehicle refueling at a non-Stage II GDF:
http://www.youtube.com/watch?v=E8Hoj-_v0W4&feature=related
This problem will be more prevalent at GDF refueling a higher proportion of non-ORVR vehicles.
Such GDF are typically located in so-called Environmental Justice (or “EJ”) areas.
Motorists who refuel non-ORVR equipped vehicles at non-Stage II GDF will be directly exposed
to carcinogenic vapors, thus creating unnecessary and unreasonable risks to public health,
welfare and safety
In Massachusetts, the population of automobiles and SUV’s is approximately 5 million ( US Dept. of
Transportation, Federal Highway Administration, Highway Statistics, 2010). Thus, if ORVR penetration
is 85% in year 2013; then 15% or 750,000 vehicles do not have ORVR. Using an ORVR vapor recovery
eﬃciency of 98%; upon refueling each “batch of 750,000 cars”, the raw emissions will be equivalent
to 50 x 750,000 or 37,500,000 vehicles. This far exceeds the total vehicle population by a factor of
7.5 times. In another context, the motorist refueling a non-ORVR vehicle at a non-Stage II GDF will be
exposed to 50 times the pollutants as a motorist refueling an ORVR vehicle.
Conclusion
In conclusion, the elimination of Stage II and sole reliance on ORVR technology does not provide the
State of Massachusetts with optimal emissions reductions; in terms of both refueling and storage tank

emissions. This action will increase emissions of VOC’s and HAPS, increase health risks to motorists,
GDF employees and members of the Community, where the brunt of the emissions and negative
health impacts will be borne by EJ Communities.
Overlooked in past studies and analyses on this topic are three key elements: 1.) The proper
quantiﬁcation and accounting for the IEE and the STBL from the Storage Tanks, 2.) The adverse
health impacts from raw, uncontrolled emissions from non ORVR vehicles; especially the
disproportionate share of this burden being borne by EJ Communities, and 3.) The positive impact of
using active processors to enhance Stage II by managing storage tank pressure and signiﬁcantly
reducing IEE and STBL.
The optimal course of action is for MA DEP to require Enhanced Stage II via vapor processors with
continuous pressure monitoring and remote data acquisition.
The detailed analysis above shows that the use of an active processor provides the following beneﬁts
to a GDF:
Control of VOC’s and HAP’s
Reduction of Toxic Exposure Risk to motorists, GDF employees and members of Community
Energy Recovery from saved gasoline
Automatic monitoring and inspection through data logging and remote data acquisition system
Continuous monitoring to reduce leaks in UST and Stage II piping system
Leverage valuable existing hardware already installed at GDF
Improve operating eﬃciency and associated proﬁtability for GDF
Allow both large capacity and small capacity GDF to earn beneﬁts
In comparison to ORVR Alone , the aggregate beneﬁts for enhancing Stage II for the State of MA GDF
operators with a vapor processor include $93 million in fuel savings while at the same time reducing
emissions of volatile organic compounds and air toxics by over 62,000 tons; over the period 2013 2022.
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