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Introduction

Volvo Group appreciates the opportunity to comment on the draft technology assessment “Heavy-Duty Hybrid Vehicles, November 2015” by the California Air Resources Board.  We greatly appreciate the methodical approach to assess the technical readiness, feasibility, suitability and impacts of various technologies as a matter of responsible policy development and rulemaking process.  Volvo recognizes that this is an extremely challenging and complex task, and we stand ready to assist. We reference the sections and page numbers of the document in our comments.

Volvo Group is one of the world’s leading manufacturers of trucks, buses, construction equipment and marine and industrial engines.   The Group also provides complete solutions for financing and service.  Volvo Group, which employs about 100,000 people worldwide, has production facilities in 18 countries and sells its products in more than 190 markets.  In the United States, the Volvo Group employs 12,000 people and has six manufacturing plants in five states.

Volvo comments on Overview document discussion of hybrid technology

Volvo previously submitted comments on the hybrid section of the Technology Assessment: Overview document that mentioned fuel economy benefits from mild hybrids. We strongly believe that hybridization is not an optimal choice for many heavy-duty vehicles.  Efficiency from hybridization is heavily dependent on duty cycle and driver habits, and has not demonstrated adequate improvement in many heavy-duty applications, especially in a business case analysis due to the high cost of this technology.  

On p.18 of the Overview document it stated: “Based on prior Vision modeling work and this technology assessment work, staff believes that low carbon fuels, vehicle and engine efficiency improvements, and zero emission vehicles will all be necessary to achieve California’s GHG goals and the Governor’s petroleum reduction goals.” 

Volvo Group heartily endorses the above statement and encourages CARB to act on it by supporting not only zero and near-zero emission technology, but vehicle and engine efficiency improvements. To keep the state moving toward its aggressive goals, it will require the advancement of all technologies, not simply a favored few, such as electric drive.

Electrification of individual auxiliary components as a path to increasing the efficiency of a combustion engine would increase cost, weight, complexity and packaging constraints since most components targeted for electrification often have high power or torque requirements, thereby making it a less-than-optimal means to improve vehicle efficiency. Electrifying powertrain or chassis auxiliaries also potentially creates reliability and durability concerns as well as issues of cost, weight and packaging that have been an obstacle to commercialization. Industry’s preferred approach has been to look for mechanical ways to improve these auxiliaries. Electrification of auxiliary devices is only pursued in cases where it is a necessary enabler to another feature or technology (e.g. zero emission operation), and it often requires compromises in cost/weight/size/reliability of the complete vehicle.

Volvo is exploring in advanced technology projects within California—including ones focusing on the use of hybrid technology—approaches that could achieve the benefits expected from electrification of accessories through improvements in the overall system and its components. Such an approach avoids the negatives of component electrification while realizing similar benefits in emissions reductions. 

Comments on this Technology Assessment

Executive Summary (ES-1)

“Hybrid technologies are currently available commercially, or as demonstration projects, for a wide range of heavy-duty vehicle classes, covering vocations ranging from pickup-and-delivery vans, to parcel and package delivery step-in vans, to transit buses and refuse haulers.”

Volvo cautions that particularly in the Class 8 heavy-duty sector (though also more broadly in the entire commercial vehicle sector), “commercial availability” is secondary to “commercial viability,” which is the true test of a technology. We believe just having a technology available is only a small part of the equation. Sustainable commercial viability is the key metric that must be used for new technologies. That viability is maintained by a manufacturer’s investment which must go beyond the proof of technology to include durability testing, vehicle and production modifications, parts sourcing, training technicians, new repair & diagnostic tools, etc. 
In the end, it is essential that the customer finds value in the technical solution, which means a favorable business case demonstrating payback within a reasonable timeframe.  Manufacturers such as Volvo have had numerous demonstrators in the hand of customers, in applications where the efficiency gains would be greatest, and with positive results and reactions; however, those same customers cannot make the business case on the basis of anticipated production vehicle costs.  Even if hybrids were to offer a positive business case according to customer analysis, the magnitude of the cost increase often puts it out of reach for securing financing to support the vehicle purchase.  

It should also be kept in mind that refuse trucks generally load to weight capacity before being routed to the landfill to unload.  Because the additional weight of a hybrid system reduces the vehicles waste capacity by 10%, a fleet looking to replace 10 trucks with hybrid solutions must, in fact, purchase an 11th truck to support its customer base.  Needless to say, an “extra” vehicle at some $250,000 - $300,000, plus the costs of additional operator(s), maintenance, and fuel, significantly reduces any business case potential. 

It is important to note that the repeated reference to “heavy-duty vehicles” throughout the entire technology assessment is somewhat deceiving.  Instead, a clearer distinction between medium-duty and heavy-duty should be made since hybrids are currently available and more competitive in vehicles classified in California as having medium heavy-duty diesel engines between 19,500 and 33,000 GVWR than heavy heavy-duty diesel engines over 33,000 GVWR. 
“The magnitude of benefits is highly dependent on the duty cycles and the type of hybrid technologies.  The higher incremental costs of hybrid vehicles remain the most significant challenge in their more widespread adoption.”

As noted earlier, we believe hybridization is not an optimal choice for many heavy-duty vehicles, particularly Class 8 trucks.  While the higher cost of hybrid vehicles does contribute to the challenge of commercialization, a larger challenge in the case of Class 8 trucks rests with the cost of technology development for these applications and the absence of a sound business case for the manufacturer’s investment.

Executive Summary (ES-6) – Promising Additional Applications 

“Heavy-duty hybrid vehicles will also likely expand into more energy- and power-intensive duty cycle applications such as refuse haulers. In addition, the over-the-road line haul truck sector may see increased number of mild hybrid systems being deployed as efficiency standards tighten.”

Volvo agrees that the potential for hybrids to expand in certain sectors such as transit buses and refuse haulers is much greater than in the case of line haul trucks, where there are a number of more cost-effective technology options that can improve fuel and freight efficiency.  The duty cycles of long-haul vehicles are typically not suitable for taking advantage of energy recovery modes critical to mild hybrid technology.

Executive Summary (ES-7) – Limiting Factors

“…staff is not aware of any heavy-duty hybrid vehicles in California that were purchased without some type of financial assistance from incentive programs.”

This should serve as a cautionary note, since the lack of any demonstrable market demand indicates the technology is not finding customers. In the commercial truck world, that means the technology does not deliver the return on the investment it requires. This is not about whether the technology works or whether it might deliver some of the benefits described in the assessment — but it means that in the marketplace, it does not carry enough value to be purchased. In the heavy-duty sector, that is not a viable product for a company to offer. 

The other comments in this section clearly point out  that hybrid technology in the heavy-duty sector is not even “commercially available” given the need to reduce cost, increase performance and reduce weight. That is the description of a technology in development. In fact, based on this description, it would appear to be a technology in relatively early development.

Another issue that could be added to this sector came to light in Volvo’s review of existing studies of hybrid technology in use. Most of these studies found the real-world fuel economy benefits of hybrids did not achieve the predicted results (for example, measured benefits were in the range of 20 percent improvement compared to predictions of 30-60 percent). 

Executive Summary (ES-8-9) – GHG/Criteria Pollutant Benefits

“However, if the hybrid system was not properly matched for a specific vocation, combined with insufficient integration to the vehicle's engine and emissions after-treatment systems, hybrid vehicles can have higher NOx emissions compared to conventional vehicles.”

Volvo would like to underscore the significance of this statement and its far-reaching implications. Sales in the heavy-duty sector, particularly to larger vehicles that are Volvo’s main market, are very duty-cycle dependent. Integration of technology is critical both for its successful performance in the field, and also in its customer acceptance. In Volvo Group’s experience, technology integration can be a long and expensive process. Technology brought to market without proper integration faces not only the prospect of market failure, but also raises the specter of casting that technology in a negative light for some time.  The balance of fuel efficiency and NOx reduction will become even more difficult as CARB and possibly EPA propose even more aggressive NOx standards in the near future.

Executive Summary (ES-10) – OBD/Warranty

On-Board Diagnostic system requirements (“OBD”) have become increasingly burdensome for OEMs, with the resources required to develop and demonstrate these systems often on par with the engine development and calibration effort. As a result, Volvo Group applauds the California Air Resources Board for its development of an Innovative Technology Regulation to help facilitate the introduction of advanced technologies into the marketplace.  Meaningful relief from such costs until a technology proves commercially viable is critical for OEMs if they are to invest in development of technologies beyond the current efforts at improvement of existing engines. OEMs face having simultaneously to meet Phase 2 Greenhouse Gas regulations as well as other emissions regulations.  Failure of this new regulation to provide such meaningful relief in the eyes of OEMs could keep many advanced technologies from being commercialized in California.   

Executive Summary (ES-10-11) – Fleet Acceptance

“Heavy-duty vehicles are typically used in business operations, which to stay viable, must remain profitable.  Hence the purchasing decision for heavy-duty hybrid vehicles usually involves considerations of costs, especially comparing a hybrid’s incremental cost against the expected cost of a similar conventional vehicle.”

This is a very significant statement. As was mentioned earlier, technologies that can only exist with government subsidies and incentives are not likely to survive in the marketplace. They need to have a clear path to be able to stand on their own, much as is happening with automated manual transmissions (AMT) in heavy-duty trucks.  Moreover, this incremental purchase cost must be added to other factors influencing purchasing decisions such as dependability and resale value.  

Volvo is actively pursuing the avenues mentioned in the Assessment that should aid the development and eventual commercialization of hybrid technology, as demonstrated in some of the projects being pursued with California agencies, such as the plug-in hybrid electric drayage truck. 

In addition, we would note that the comment that manufacturers are “aggressively pursuing” performance and weight issues may mischaracterize a company like Volvo’s technology direction. To meet anticipated GHG reduction standards, we are definitely focused on performance and weight issues, but those are not directly related to hybrid technology. Making progress on these issues will not necessarily make hybrid technology more palatable to the market as the progress may result in less costly avenues to reach the same efficiency goals that would be achieved with hybrid technology.

It is important to remember that OEMs bring products or customer solutions to market, not technologies.  Demonstration projects which prove a technology’s viability do not ensure that the technology will be commercialized, but rather helps to build a business case for including a technology in the final product that is eventually developed to satisfy market demands. 
We recommend incorporating some research studies into your Assessment that would provide a basis to make some claims for a technology. 

Executive Summary (ES-11) – Recommendations

“To reach its full potential and more widespread commercial success, heavy-duty hybrid technology must be able to compete on its own merits with conventional heavy-duty vehicle platforms. To get to that point, the heavy-duty hybrid sector must see broad-spectrum advances in terms of individual component efficiency, cost reduction, system design, and vehicle integration. Areas that need further enhancement range from hybrid components, e.g., electric motors, hydraulic pumps and motors, energy storage and conversion devices, to manufacturing process and vehicle integration.”   

Volvo Group heartily agrees with this section and is actively pursuing not only the development of the individual technologies, but furthering their integration into future vehicles. This is an area where government support is particularly helpful and will be most successful in bringing a new technology like hybridization to the heavy-duty sector.

Overview of the Current Status of Hybrid Technologies

B. Hybrid Performance Characteristics (p. II-1)
The report states that regenerative braking reduces “the operating and maintenance costs of the vehicle.” It would be helpful to cite such sources to better understand each case since studies can be found with seemingly contradictory claims. 
(p. II-2) The report states, “Additional performance benefits of heavy-duty hybrid vehicle technology are quick acceleration and less engine noise which results in a smoother and quieter ride.”  This directly contradicts the statement on pg. ES-7 which states that “hybrids need to improve their acceleration performance.”

C. Degree of Hybridization 

3.  Full Hybrid (p.III-8) – “The  benefits of a full hybrid design are the greatest level of fuel economy benefit of the three designs, typically 20 percent to 50 percent.”

It is our belief that real-world fuel economy improvements are more typically in the 10-12 percent range. 

D. Hybrid Architectures (p. III-13)

It should be noted that Mack Trucks is evaluating electromobility together with Wrightspeed for refuse applications.
E. Hybrid Categories 
4. Catenary (p.III-20) – The report correctly states that Volvo Group is working with Siemens as part of the catenary Zero Emission I-710 Project.  It should be noted that the readiness of technologies being developed as part of this project is limited, with the vast majority of time and resources needed to commercialize a product with this technology still to be determined.  

IV.  
Performance Metrics

B.  Emissions (p.IV-4) “The issues discussed above demonstrate the need to approach the issue of NOx emissions from hybrid vehicles with an abundance of caution. The full impact of a hybrid system on the engine and after-treatment devices, control algorithms, duty-cycles and test procedures need to be evaluated in a fully integrated approach in order to more fully understand the test results. More research needs to be conducted to investigate these issues before the nature of NOx emissions from heavy-duty hybrid vehicles can be more fully understood. The complex interplays between a hybrid system and the remainder of a vehicle also point to the need for better integration and communication between hybrid, engine and vehicle OEMs.”

We cannot emphasize enough the importance of this paragraph.  There are a multitude of factors which impinge on vehicle/technology performance.  This complexity is heightened exponentially when assessing the performance of vehicles from non-integrated OEMs.  As a result, any generalizations or evaluations of a technology based on a limited number of specific applications are insufficient to warrant the prioritization of one technological solution over another.

C. Operational Factors

(pg. IV-6)  “Heavy-duty diesel vehicles are a mature and proven technology, with very impressive reliability records.”

Volvo agrees that hybrid technology in heavy-duty vehicles has improved significantly, but is not considered a mature and proven technology within Class 8 heavy, heavy-duty vehicles.  As noted earlier in this paper, the lack of distinction between medium- and heavy-heavy duty vehicles should be delineated so as not to mislead policymakers.

2. Maintenance (p. IV-7)  “The possibility of extended vehicle down time is an important issue since their mechanics are usually not knowledgeable in the servicing of the hybrid system. “ 
The costs of downtime are perennially underrepresented in assessments of a technology’s value to vehicle owners.  According to industry averages, the cost of downtime for a Class 8 truck is between $600-$1,500 per day, with an average timeframe of 3-4 days.  As a result, unless fuel savings significantly outweigh the anticipated reliability challenges with new technology, a fleet owner will not reap a net positive total cost of ownership. 

3. Operating range and fueling infrastructure requirements (p. IV-10)  “In some cases, the solution to this issue (lower operating range and higher weights) would be as simple as switching the hybrid refuse trucks on to either shorter routes, or collecting lighter materials…”
These kind of adaptations affect the capabilities and ultimate value of hybrid trucks to commercial fleet use. In the real world, the value of a truck is measured by the amount of work it can perform, and if that capability is reduced, it effectively lowers the value of that truck and its technology.

In addition, if such a change of routes cannot be assured, the lower NOx emission benefits of natural gas engines are to be questioned for HD applications (above 60,000 lbs. GVW) in light of payload capacity limitations and current NOx certification levels. 
V. Cost
A. Overview (p. V-1)

“The issue of costs needs to be overcome in order to realize much more significant penetration of heavy-duty hybrid vehicles into more and more sectors of the trucking industry.”

In addition, addressing costs through government subsidies without a path to ultimately reduce these and other factors in a fleet manager’s total cost of ownership means that a technology will never stand on its own in the marketplace.

B Analysis

b. Manufacturing (p. V-2)

“The heavy-duty hybrid market is made even smaller when the limited number of products is spread out across different manufacturers and the various platforms that have to be designed to meet specific operational requirements of a particular vocation. For example, a hybrid drivetrain that was designed for a transit bus cannot be simply installed in a refuse hauler, even though these vocations both have closely-resembled stop-and-go duty cycles.”

Even among the different type of refuse vehicles in the market, such as front-load, side-load, and rear load, each requires a unique installation architecture and validation thereof. This obviously presents a very high hurdle for cost-reductions and also points out the stark difference between the heavy-duty and light-duty markets.

Table V-2: Commercialization Stages and Production Volume (pg. V-4)

Table V-2 implies that the progression of technology toward commercialization is dependent on movement through phases based on a number of vehicles produced with this technology.  This is not only inaccurate, but completely distorts the calculus of an OEM.  

As noted earlier, an OEM brings customer solutions to market, not technologies.  Technologies are developed along a path of technology readiness levels.  Once a technology has been effectively evaluated as part of a demonstration project, it has still progressed only 10 percent along the path of total cost and time needed to be incorporated into a commercialized product.  Final movement towards commercialization still requires significant design iterations, durability and reliability testing, field testing, manufacturing system modifications, logistics, certification, etc.  Moreover, further steps down the path to commercialization will depend more on the technology’s impact on vehicle productivity and total cost of ownership than on the raw emissions or fuel efficiency benefits it may generate.

2. Cost projection for near-term hybrids (p. V4-5)

“Predictions for cost reductions in either hybrid components or as complete vehicles generally have assumed about a 50 percent reduction from current prices by the 2020 timeframe.”  


Volvo believes a cost reduction of 50% in this short timeframe is impossible. We cannot find any independent validation of this kind of prediction.

“However, if fuel economy, maintenance savings and product reliability continue to improve, an economic case could potentially be made for some applications in the 5- to 10-year timeframe.”

Again, Volvo believes it is highly optimistic to predict economic viability for such a product within 5-10 years. 

“…cost is also a function of the manufacturing process and product distribution and retail network.” 

The key to manufacturing cost reductions is volume, and a higher volume of heavy-duty hybrid vehicles is unlikely in the near-term due to lack of market demand for the technology or its ability to compete in the marketplace. 

4. Factors affecting payback periods (p. V-8)
The report assumes a 5-year payback period for heavy-duty vehicle fleets and a 2- to 3-year payback period for first purchaser fleets.  Volvo believes that periods of 3 years and 1.5 to2 years respectively are more accurate.  

Re: Table V-3: Hybrid Trucks—Payback Period Cost Analysis (Future 2015-20 Technology) (p. V-9)  
Volvo is already working on technology for this 5-year timeframe and believes there are some inaccuracies in this table. We believe the Class 8 costs are at least twice what is presented and the fuel economy benefits do not reflect real-world numbers.  In addition, the figures are misleading since they do not appear to account for all of the capital and operating costs identified on the previous page. See also our comments about the requirement to purchase additional vehicles in certain applications to make up for loss of payload.

VI. Certification
2. Useful Life Requirements (p. VI-2)

In the example of a medium-duty engine installed in a heavy-duty vehicle, no solution is proposed. However, other issues to consider are the useful life of some other hybrid components such as batteries, which are unlikely to be able to be extended to heavy-duty useful life requirements.

VII. Conclusions
“To get to that point, the heavy-duty hybrid sector must see broad-spectrum advances in terms of individual component efficiency, cost reduction, system design and vehicle integration,…Heavy-duty hybrids have the potential to outperform their conventional counterparts in some vocational applications and duty cycles, if life-cycle costs can be reduced to competitive levels.”

This is a very succinct summary of the very significant hurdles hybrid technology faces in the heavy-duty sector. Given the current state of technology and current conventional fuel prices, it seems highly unlikely that this technology will be able to progress to the point where it will be competitive in the marketplace without large subsidies. At this point hybrid technology appears to offer limited real-world value and still faces substantial development costs. While hybrid technology can benefit from advances in some sectors, it appears that its value in the Class 8 heavy-duty sector is likely to be very limited in the near-term.

This summary would be more appropriate to be included in the Executive Summary of this assessment.
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