Chapter 4: Technology Market Mix and Cost Estimates

SV to OHV engines, mainly for market competitive reasons. A summary of the

costs used for this analysis is presented in Table 4-16.

Table 4-13
ESTIMATED COSTS PER EQUIPMENT APPLICATION (CLASS II)

)

Application'® Fixed Costs Variable Costs Equipment Changes
(per line) (per Unit)

Walk Behind Lawnmowers $0 $0

Rear Engine Riders $50,000 $0 mounting holes, longer control
wires, modified exhaust/air filter
positioning, and relocation of oll
drains

Commercial Turf -mounting holes, controls, exhaust

12hp $1,000 $0 and oil drains

>12 to 16hp $600,000 $0 -new injection molding die to creat

16 to 25 hp $100,000 $12 a redesigned plastic hood
-additional baffling

Other Agricultural Equip $100,000 $0

Leaf Blower/Vacuum $50,000 $0

Tillers $50,000 $0 Modified exhaust positioning,
relocation of oil drains, and a
redesigned baffle

Generator Sets $100,000 $0 Frame or case be redesigned,
developed, tooled and fabricated.

Pumps $50,000 $0 Redesigned fuel tank and relocated
muffler

Roller, Concrete Saw $50,000 $0

Other $50,000 $0

Source: ICF report

18

No costs are assumed for modifications to snowblowers for they are not

required to use engines certified to the HC+NOx standards due the
special provision in the Phase 2 rulemaking.
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The main reason for equipment changes is that the OHV engines are
taller than SV engines due to the fact that the valve train is not on the side of
the engine block but in the cylinder head. Based on the ICF report ¥, some
equipment will require that OHV engines be reoriented 90 degrees from the
SV engine so that the cylinder is parallel to the center line of the equipment.
This requires changes including mounting holes, controls, exhaust and oil
drains. Lawn tractors traditionally have a hood covering over the engine and
thereby the hood will need to be lengthened. A new injection molding die to
create a redesigned plastic hood is assumed to be required. Other costs are
similar to the rear engine rider. Lawn and garden tractors typically always have
the cylinder head facing forward and have room under the hood to handle a V-
twin OHV engine. Generators and pumps are usually encased in frames that
hold the engine and other parts of the equipment. The taller OHV may
require that the frame or case around the equipment be redesigned, developed,
tooled and fabricated. The fuel tank may also need to be redesigned and

possibly the muffler relocated.

4.4.2. Handheld Equipment

Estimates for equipment changes have been based on the estimated
engine changes for Classes III-V engines. The majority of engine changes are
expected to be internal. Handheld engines are expected to utilize technologies
of improved 2-stroke (reduction of scavenging, enleanment, etc.). Augers will
need to incorporate changes to the transmission box in order to accommodate

modifications to the engine’s speed-torque signature.

Table 4-14
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COST ESTIMATES FOR HANDHELD EQUIPMENT (Classes III-V)

Application Fixed Costs Variable Variable
(per line) Hardware Production
(per unit) (per unit)
Ice and Earth Augers $60,000 $0 $0

Based on confidential conversations with Auger manufacturers.

4.5. Fuel Savings and Impacts on Performance

Section 213(a)(3) of the 1990 Clean Air Act Amendments requires that

EPA give appropriate consideration to factors including energy, noise and safety
associated with the application of technologies estimated for this rulemaking.
This section discusses EPA's assessment of the effects of this proposal on
energy (i.e., fuel economy) and power. Impacts on noise, safety and

maintenance can be found in Chapter 3.

4.5.1. Fuel Consumption

This proposed rulemaking will result in fuel savings for the consumer.
This is based on the technologies to be applied on these engines to meet the
Phase 2 standards as described below. The tables contained in this section
present the background data utilized for estimating the fuel consumption per
engine per class. These data were inputted into the nonroad small engine
emission model (SEEM) to calculate the fuel savings per year for all equipment
types given scrappage rates, production volume increases, engine power,
engine load factor, residential or commercial usage and useful life. No
assumption was used for fuel consumption as engines age over time.

Additional calculations for number of barrels reduced and resultant cost savings
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is presented in Chapter 7 on Aggregate Costs and Economic Analysis.

4.5.1.1. Nonhandheld Equipment -- For Class I engines, EPA estimates
that oil consumption technologies will be incorporated, such as improved piston
rings and valve seals, in order to improve Class I engine lifetime emissions
performance. It is expected that these technologies will not influence the
engine's fuel consumption appreciably and thereby EPA estimates no change
for Class I engines.

EPA estimates that the conversion of SV engine designs to OHV engine
designs or the use of other emissions technologies to reduce new engine out
emissions and emissions durability, will result in a decrease in fuel
consumption. Estimates for Phase 2 engines were based on the estimated fuel
consumption from Phase 1 engines found in the Phase 1 Regulatory Support
Document (see Table 4-18).  Tables 4-15 and 4-16 contains information
found on brake specific fuel consumption of typical Class II OHV that are close
to the Phase 2 standard and Class II SV engines. Industry has also submitted a
limited amount of confidential BSFC information on Phase 1 engines. All of
this information was considered and fuel consumption values for Phase 2 OHV
and SV engines were determined, see Table 4-19. Note that the value for
Class II SV engines does not change from the value used in Phase I. This is
based on the fact that the SEEM, that calculates emission benefits and fuel
savings, considers that all engines will become OHV engines or have OHV like

characteristics (ie: emission benefits, fuel usage, etc.)
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Table 4-15
Fuel Consumption of OHV Class II Engines
Close to the Phase 2 Standard

ENGINE BSFC Reference
(g/kWh)
11 hp 493 SAE 910560

(HC+NOx emissions 1.3
g/kWh above Phase 2 stds
with assumed 1.3 df)

200cc, 4.5 hp 447 EMA/EPA Round
Robin Testing (avg
(close in cc to a Class II of 10 mfr’s and 2
engine) engines) , 1997
570cc, 13 hp 465 EMA/EPA Round

Robin Testing (avg
of 6 mfr’s and 2
engines), 1997

There is no BSFC data in the EPA Phase 1 certification database.

Table 4-16
Fuel Consumption of SV Class II Engines
(Engine Meets Phase 1 Standards)

ENGINE BSEFC Reference
(g/kWh)
465cc, 6.7 hp 520 Phase 1 RSD,
Table 1-11

There is no BSFC data in the EPA Phase 1 certification database.

4.5.1.2. Handheld Equipment -- For 2-stroke handheld engines in
Classes III-V, EPA estimates that internal engine improvements, such as

decreased fuel scavenging, will result in a 6-16% decrease in fuel consumption
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(see Tables 4-18 and 4-19). This is based on an estimate that expected Phase
2 technology will reduce the approximate 30 percent of the fuel that exits the
engine unburned due to fuel scavenging. Limited publicly available test data,
contained in Table 4-17, illustrates the basis for the expected fuel usage due to

Phase 2 technology.

Table 4-17
Fuel Consumption of Class III to V 2-Stroke Engines
(NOTE: weightings have been changed from 90/10 to 85/15)

Manufacturer BSFC Reference
(g/kWh)
Class IV

Husqvarna E-tech 556 Testing at NVFEL
Class V

4.5.1.3. BSFC Values and Estimated Fuel Savings -- The
values listed in Tables 4-18 and 4-19 contain the fuel consumption values

utilized to estimate fuel savings using the SEEM.
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Table 4-18
Phase 1 Fuel Consumption Estimates Per Engine Per Class (g/kWh)
CLASS SV OHV OTHER 2-STROKE
I 560 475 475 --
11 528 450 450 --
111 -- - 720
IV -- 515 -- 720
Vv -- - 529
Source: Small Engine Phase 1 RSD"”
Table 4-19
Phase 2 Fuel Consumption Estimates Per Engine Per Class (g/kWh)
CLASS SV OHV OTHER 2-STROKE
I 560 475 475 600
11 528 450 450 --
111 - - 600
IV - 515 -- 600
Vv - - 500

Table 4-20 contains the estimated fuel savings (gallons/year) per class

for this proposed rulemaking calculated from the SEEM. Class II engines

account for the majority of fuel savings from this proposed rulemaking. This is

due to the fact that these engines are utilized for longer hours than all other

classes and therefore the fuel savings, from SV to OHV engine, is notable.
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Table 4-20
FUEL SAVINGS PER CLASS
(Gallons/Yr)
| Il 1l IV i
2001 0 (14,665,841) 0 0 0
2002 0 (34,903,894) (34,533) (988,569) (120,289)
2003 0 (57,689,956) (102,681) (2,795,979) (321,088)
2004 0 (80,990,366) (215,542) (5,698,061) (630,596)
2005 0 (104,876,108) (363,440) (9,412,945) (1,014,235)
2006 0 (122,808,782) (478,963) (12,081,991) (1,255,827)
2007 0 (135,310,216) (556,558) (13,807,683) (1,402,812)
2008 0 (143,730,306) (604,139) (14,882,677) (1,499,108)
2009 0 (149,697,258) (635,285) (15,591,104) (1,564,566)
2010 0 (154,283,420) (659,083) (16,126,096) (1,613,275)
2011 0 (157,993,281) (678,430) (16,553,036) (1,650,773)
2012 0 (161,197,720) (694,833) (16,908,200) (1,680,598)
2013 0 (164,049,781) (709,373) (17,218,353) (1,705,484)
2014 0 (166,674,040) (722,890) (17,503,744) (1,727,478)
2015 0 (169,149,753) (735,912) (17,776,969) (1,747,901)
2016 0 (171,532,164) (748,698) (18,044,507) (1,767,496)
2017 0 (173,858,004) (761,381) (18,309,470) (1,786,657)
2018 0 (176,148,018) (774,014) (18,573,312) (1,805,601)
2019 0 (178,413,765) (786,623) (18,836,701) (1,824,426)
2020 0 (180,663,025) (799,229) (19,099,883) (1,843,195)
2021 0 (182,450,454) (809,254) (19,309,239) (1,858,157)
2022 0 (183,822,562) (816,879) (19,468,555) (1,869,608)
2023 0 (184,893,615) (822,765) (19,591,512) (1,878,488)
2024 0 (185,791,926) (827,696) (19,694,667) (1,885,966)
2025 0 (186,602,241) (832,197) (19,788,583) (1,892,766)
2026 0 (187,365,367) (836,465) (19,877.690) (1,899.200)
4.5.2. Power

The power for handheld engines is expected to remain similar to Phase 1
engines. Changes in enleanment, optimization of combustion chamber design,
etc. will essentially require new 2 stroke engine families to be manufactured.

It is likely that new engine families will fulfill all power needs.

4-37



Chapter 4: Technology Market Mix and Cost Estimates

The power for nonhandheld engines in Class I is expected to remain the
same. The added technologies including improved piston rings and valve seals
are expected to result in no change. For Class II engines, power is expected to
increase, however this is partially influenced by market demands which the

industry stated has been asking for more powerful engines.
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