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Abstract: Vapor recovery unit systems (VRU) have become essential in mitigating volatile organic compounds 

(VOCs) emissions from fueling stations, which are significant contributors to urban air pollution. This paper 

explores the two main types of vapor recovery systems—Stage I and Stage II—discussing their mechanisms, 

efficiency, and regulatory landscape across various countries. Real-world examples from the United States, 

Europe, Canada, and Australia illustrate the practical applications of these systems. The benefits of implementing 

a VRU, not only enhances the environmental quality but also promotes public health and regulatory compliance. 

Through a comprehensive analysis, this paper underlines the importance of vapor recovery technologies in 

achieving a sustainable fuel delivery system.  
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1. INTRODUCTION  

As the global demand for fuel continues to rise, fuel stations remain crucial in supporting a modern transportation 

infrastructure. However, the environmental implications associated with fuel dispensing cannot be overlooked, 

particularly the release of volatile organic compounds (VOCs) during refueling operations. VOCs, which are 

prevalent in gasoline, contribute significantly to air pollution and pose serious health risks to communities. In 

response to these challenges, vapor recovery unit systems (VRU) have emerged as a vital technology aimed at 

capturing and minimizing these harmful emissions.  

This paper delves into the intricacies of vapor recovery systems, distinguishing between Stage I and Stage II 

recovery methods, and evaluating their effectiveness in reducing VOC emissions. By examining the regulatory 

frameworks in various countries and providing concrete examples of implementation, we aim to highlight the 

multifaceted benefits of a VRU. Ultimately, the discussion emphasizes the need for fuel stations to adopt these 

technologies, not only to comply with regulatory standards but also to foster a healthier environment for future 

generations.  

2. UNDERSTANDING VOC EMISSIONS  

Volatile Organic Compounds (VOCs) are organic chemicals that can easily vaporize and enter the atmosphere. 

Commonly found in gasoline, these compounds contribute to air pollution and have adverse health effects. The 

Environmental Protection Agency (EPA) has identified several VOCs, including benzene, toluene, ethylbenzene, 

and xylene (collectively known as BTEX), that are particularly concerning due to their carcinogenic and toxic 
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properties. VOC’s will negatively affect the environment by contributing to increasing the ground-level ozone 

formation and smog.  

3. THE ROLE OF VAPOR RECOVERY UNIT SYSTEMS (VRU)  

Vapor recovery unit systems are designed to capture VOCs that are released during the refueling process. There 

are two main types of vapor recovery systems utilized at fuel stations:  

1. Stage I Recovery:  

This system captures vapors during the delivery of gasoline from a tanker truck to the underground storage tanks 

at the fueling stations. It is primarily focused on minimizing emissions that occur during fuel transport and storage.  

2. Stage II Recovery:  

This system captures vapors emitted when consumers fill their vehicles at the pump. Stage II systems are designed 

to capture the vapor displaced from the fuel tank of the vehicle during the refueling process.  

Understanding the distinctions between Stage I and Stage II recovery systems is crucial to appreciating their 

unique roles in mitigating VOC emissions.  

4. COMPARING STAGE I AND STAGE II RECOVERY SYSTEMS  

 Mechanism of Action  

1. Stage I Recovery  

• Functionality: During fuel delivery, vapors generated from the gasoline being pumped into the 

underground tanks are directed back into the tanker truck through a vapor return line. This process prevents these 

vapors from escaping into the atmosphere.  

• Equipment: Typically involves a series of hoses, valves, and a vacuum system installed in both the tanker 

and the underground storage tanks.  

2. Stage II Recovery  

• Functionality: When a customer refuels their vehicle, the system captures vapors that are expelled from 

the vehicle’s fuel tank. It redirects these vapors back into the fuel station’s storage tanks, thus minimizing 

emissions.  

• Equipment: Comprised of a nozzle attachment with vapor recovery mechanisms that connect tothe 

vehicle’s fuel system.  

• Efficiency and Effectiveness  

1. Stage I Recovery  

• Efficiency: Proven to be highly effective in reducing emissions during fuel delivery, capturing 

approximately 95% of vapors generated.  

• Regulatory Importance: Mandated in many countries due to its critical role in reducing emissions during 

transportation.  

2. Stage II Recovery  

• Effectiveness: Captures around 90-95% of vapors during the refueling process, but the effectiveness may 

vary based on factors such as temperature and the type of vehicles being fueled.  

• Public Perception: While effective, Stage II systems may face technical challenges or user non- 

compliance (e.g., the nozzle not sealing properly), which can reduce efficiency.  

• Environmental Impact  

1. Stage I Recovery  

 Plays a significant role in preventing VOC emissions from entering the atmosphere, which is essential for air 

quality improvement. A successful Stage I system can lead to considerable reductions in ground-level ozone 

formation.  
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2. Stage II Recovery  

• Further reduces VOC emissions at the point of consumer interaction. This is crucial for urban areas where 

vehicle emissions contribute significantly to air quality issues.  

• Regulatory Landscape  

1. Stage I Recovery  

 Often a requirement for new fuel stations and for existing stations during renovations due to its effectiveness 

in controlling emissions from fuel delivery. Many countries have specific regulations mandating Stage I systems.  

2. Stage II Recovery  

 Requirements vary by region and country; some regions and countries have phased out Stage II due to the 

increasing prevalence of onboard refueling vapor recovery (ORVR) systems in newer vehicles, which capture 

vapors directly from the vehicle.  

5. COUNTRIES AND THEIR APPROACHES TO VAPOR RECOVERY UNIT SYSTEMS  

The adoption of Stage I and Stage II vapor recovery unit systems varies significantly across different countries, 

influenced by regulatory frameworks, environmental policies, and technological advancements. Here’s a closer 

look at selected countries and their choices regarding these systems:  

 United States  

1. Stage I Recovery  

• The use of Stage I vapor recovery systems is widespread and mandated in many states, particularly in 

regions with significant air quality issues, such as California. The California Air Resources Board (CARB) has 

implemented stringent regulations requiring Stage I systems at all fueling stations.  

• Example: In California, fuel stations are required to install Stage I recovery systems that capture vapors 

during fuel delivery from tankers to underground storage tanks, effectively preventing harmful emissions.  

2. Stage II Recovery  

• Requirements vary by region; some states have phased out Stage II due to the increasing prevalence of 

onboard refueling vapor recovery (ORVR) systems in newer vehicles, which capture vapors directly from the 

vehicle.  

• European Union  

1. Stage I Recovery  

• Many EU countries have adopted Stage I vapor recovery systems as part of their commitment to reducing 

air pollution. The European Commission has set directives that require vapor recovery during fuel delivery at fuel 

stations.  

• Example: Germany mandates Stage I systems, which require vapor recovery during the transfer of fuel 

from tankers to underground storage tanks, thus helping to minimize VOC emissions.  

2. Stage II Recovery  

• Stage II systems are less commonly mandated in the EU. However, certain countries, such as Germany 

and the Netherlands, have implemented Stage II recovery systems in urban areas to address pollution concerns, 

especially in densely populated regions.  

• Canada  

1. Stage I Recovery  

• In Canada, Stage I vapor recovery systems are required in many provinces, particularly in areas with 

stricter environmental regulations like British Columbia and Ontario. These systems are vital for controlling 

emissions during fuel delivery.  
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• Example: In British Columbia, regulations require fueling stations to install Stage I systems that capture 

vapors during fuel delivery, contributing to provincial air quality goals.  

2. Stage II Recovery  

• Stage II systems have been implemented but with varying degrees of success across provinces. Some 

regions have opted for these systems, while others, influenced by the prevalence of ORVR vehicles, have moved 

toward Stage I systems exclusively.  

• Australia  

1. Stage I Recovery  

• Australia has adopted Stage I vapor recovery systems in various states, particularly in places like New 

South Wales, where strict environmental regulations are enforced. The Australian government encourages the 

adoption of best practices in fuel handling to minimize emissions.  

• Example: In New South Wales, fuel stations are required to implement Stage I vapor recovery systems, 

effectively capturing vapors during fuel deliveries.  

2. Stage II Recovery  

 The use of Stage II recovery systems is less common in Australia. Instead, the focus is increasingly on 

improving fuel storage and delivery systems, along with public education about vapor recovery technologies.  

6. BENEFITS OF VAPOR RECOVERY UNIT SYSTEMS  

The implementation of vapor recovery unit systems at fueling stations offers numerous benefits:  

• Reduction of Air Pollution: By capturing VOC emissions, fueling stations can significantly lower their 

contributions to ground-level ozone formation, a key component of smog. Studies demonstrate that VRU can 

reduce VOC emissions effectively during refueling operations (Hoffman et al., 2022).  

• Health Benefits: Lower VOC levels result in improved air quality, reducing respiratory issues and other 

health impacts associated with air pollution. For instance, a report from the California Air Resources Board 

indicated that widespread adoption of VRU could lead to a noticeable decline in asthma cases in urban areas 

(CARB, 2021).  

• Operational Impact: The integration of vapor recovery unit systems can also affect the operational 

efficiency of fuel stations. These systems typically require regular maintenance and calibration to ensure they are 

functioning effectively, which may lead to an increase in operational complexity. Staff training may also be 

necessary, thereby incurring additional operational costs and time.  

However, advancements in technology have led to the development of more user-friendly vapor recovery unit 

systems that are easier to manage. The automated features and sensors present in modern solutions can streamline 

operations, reducing downtime and the need for frequent manual checks. In the long run, these enhancements can 

lead to more efficient fuel dispensing operations and improved service to customers.  

• Economic Incentives: While the installation and maintenance of vapor recovery unit systems can involve 

substantial initial costs, the long-term economic benefits can be significant. Fuel stations equipped with these 

systems may experience reduced liability and insurance costs due to lower emissions and a decreased risk of legal 

penalties related to environmental regulations. Additionally, by capturing and recycling the vapors, fuel stations 

can minimize fuel losses, which directly contributes to an increase in profit margins.  

Furthermore, as consumers become increasingly environmentally conscious, fuel stations with vapor recovery 

unit systems may enjoy a competitive advantage. By promoting their commitment to sustainability, they can 

attract eco-minded customers who prioritize businesses that contribute to environmental protection. This can be 

particularly important in regions where environmental concerns are a priority for the local community.  
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7. CONCLUSION  

Vapor recovery unit systems, particularly Stage I and Stage II, play a pivotal role in combating the environmental 

challenges posed by fuel stations. Their implementation not only aligns with regulatory mandates but also 

represents a proactive approach to improving community health and air quality. The effectiveness of these systems 

in substantially reducing VOC emissions contributes directly to addressing urban smog and respiratory health 

issues, making them indispensable in densely populated areas.  

As more regions adopt stringent environmental regulations, the momentum toward integrating vapor recovery 

unit systems at fuel stations will likely intensify. This shift not only reflects a growing societal commitment to 

environmental stewardship but also presents fuel station owners with opportunities to enhance their operational 

efficiency and attract environmentally conscious consumers.  

Moreover, the transition to advanced vapor recovery technologies will encourage innovation within the broader 

fuel distribution industry. Stakeholders, including policymakers, environmental groups, and fuel station operators, 

must collaborate to promote best practices, share knowledge about the latest technological advancements, and 

ensure that these systems are effectively maintained and utilized.  

In conclusion, the adoption of vapor recovery unit systems represents a vital step toward a sustainable fuel 

delivery future. By prioritizing these technologies, we can significantly reduce harmful emissions, improve public 

health outcomes, and contribute to a cleaner, healthier environment for generations to come.  
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