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Executive Report

Laboratory Study on the Use of Ethanol Blend Fuels in

Small Agricultural Engines and Motorcycles

1.  Principles and Rationale

Common ethanol fuel mixtures include E10, E20, and
E85. Depending on the percentage of ethanol fuel in the
mixture by volume, these different blends can affect differently
engine performance, many plastic and rubber engine parts, and
engines’ air pollution emissions. As part of government effort to
ensure efficient and sustainable biofuel use in agriculture (e.g.
chemical sprayers, water pumps, mowers, and seed drills) and
small engines such as motorcycles, the Department of
Alternative Energy Development and Efficiency (DEDE) found it
necessary to conduct a study to assess the potential of ethanol
as an alternative fuel and deterioration of parts due to ethanol

blend fuels, as well as impacts on local air quality.

As a result, Frontier Engineering and Consultants Co., Ltd.
(FEC) was hired to conduct a laboratory study on the use of
ethanol blend fuels in small and

agricultural  engines

motorcycles.
2, Objectives

1) To assess the potential of using ethanol (i.e. E10,
E20, E50, and E85) as an alternative fuel in small agricultural

engines and motorcycles.

2) To assess deterioration of engine parts due to ethanol

blended fuels (i.e. E10 and E85)

3) To conduct a fuel economy comparison between
gasoline and ethanol blended fuels (i.e. E10, E20, E50, and

E85) for small agricultural engines and motorcycles.
3. Sample Selection

To select small agricultural engine samples for the
assessment and identifying the most commonly used engines,
the study relied on data and literatures from several credible
sources, about agricultural machines being used in Thailand, as
well as a field survey of small agricultural machinery sales (i.e.
best-selling machines) in prime retail markets such as Charoen
Krung, Bangbuathong, and other suburban areas. As for the

selection of motorcycle samples, the study relied on sale

statistics such as lists of the most popular motorcycle brands
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and models, producer surveys, and the 2011 online rankings.
Once the samples had been selected, a review meeting was
held among related agencies prior to requesting approval from

DEDE to proceed further.

The small agricultural engines selected for the assessment
can be divided into 3 main groups, namely, mowers, chemical
sprayers, and water pumps. Each engine group comprises the
top 2 selling brands, and both new and used (less than 3 years

old) engines, as can be seen in Table 3-1 and Figure 3-1.

As for the motorcycle samples, a total of 6
motorcycles was selected for the assessment. The samples
comprise the top 2 selling brands and 6 different models, as can

be seen in Table 3-2 and Figure 3-2.

Table 3-1 Selection of Small Agricultural Engines for the

Assessment.
2-Stroke Engines 4-Stroke Engines
No.
Mowers Chemical Sprayers Water Pumps
] Rabbit Kwai Thong Honda
NB411/2 hp K-025/ 1.3 hp WB30XT2 / 3.5 hp
) Mitsubishi Mitsubishi Kwai Thong
T200/2 hp A808 /1.4 hp K-006/30CX / 6.5 hp
‘ Small agricultural engines
] v
2.stroke engines }‘7’ 4-stroke engines
e
\ Mowers 4’{ Sprayers J Pumps
I I
N ; |
| Rabbt | [ Mitsubishi } Kwai Thong \ Mitsubishi Honda Kwai Thong
\ l I '
2 o - [ —
& e = S
- O iof
NB411 T200 K-025 A808 WB30XT2 K-006/30CX
/2hp i2hp /13hp 114 hp /35hp 16.5hp

Figure 3-1 Selection of Small Agricultural Engines for the

Assessment.

Table 3-2 Selection of Motorcycles for the Assessment.

Models
No.

Brand: Honda Brand: Yamaha
1. Wave i (4-stroke) Fino (4-stroke)
2. Scoopy i (4-stroke) Mio (4-stroke)
3. Click i (4-stroke) Spark (4-stroke)

89 wmaAIUEMIULUINTS (Executive Report)



WA AURAMIALR AN |

i 2 Sz [ - 2 a4 Tz

winasiomnn *—v| = wWipariun | Iﬂwi"!um

| usvriin ‘ Sagla ‘ ATV ‘ fingid |
I l B
2 "5 , =

juneatt juT200 jukazs u AB0B i
F2hp i2hp f13hp f1ahg

U K-006/30CX

/65 hp

P o o A A &
U 3-1 UAAILHWIIRTUMNIAALBNIATAIIUAN TN EAT
YUIALAN

A9 3-2 LLﬁ@NNﬁﬁ?ﬂﬂ’]iﬂyﬂLﬁaﬂéuiﬂﬂyﬂiﬂ’]uﬂuﬂr

WININTLIMERR
auAu
R dv ]
fivio saum fivie gandn
1. w-la Al
2. afiui-le ila
3. adn-la mhia

TOINTLIMRUUG

Honda Yamaha

l } | }

Wave i 1 At Scoopy i 1A% Click i 1 it Fino 1 % Mio 1 /i Spark 1 itk

o ¥ &b d el &b

o o o oA @ 4
Eﬂ'ﬂ 3-2 LLEWNLLN%NJE‘TEﬂﬂ’]iﬂ@Laﬂﬂiﬂﬁ]ﬂi&l’]uﬂu@]

{ ¢
4. wamsﬁn‘muazﬂmaauauﬁnuz'ﬂaam%awum

<
MILNBAIYWIALAN

MIANHAINMINARILFNITOUVDILATBIIUANITINEAT
& & P A & o £y
puratanny 3 Uszian laud teSeseudlszinnaangn
A & ' A & ¥
103898 uAUITLANNHDN UazlAIduudlIzIANgUn lasny
NAROLANITINULVIATaIuuGUTznav a8 nMInarausanin
msmaauﬁm‘"sqw% MINagaLaaNFuLUAaLTawad wasns
nagaun1TUaaldasuan mmsna;ﬂmswmauaamﬂu 2
N3t leun MInaseusuTInusaTadoudlaslidaulas wazny
§ o o A o
NAFAUANTTOULLATOIIUANAINALURY TIvzaauladianis
A e & o A A edA o o A
Lmaamww@aaumsamm"l,umumamsamummmaaqﬂﬁ
AARIAININTa8a2 10 tNaLUS o U AU UAUNANITNARALGA Y
ufglogad E10 nasannnagaumoldaiwiisianug nakluns
AALURILATEILUINITINBATUUIALE NN TRITUNTREINULAR
eaa o A X Yo A X 4
ImaaamLamuaalua@muﬂgwu ladiinnmslaguananun

. & a & P v 1a . & a
AULDDLNNIY ENﬂ’]iH LILa aﬂ‘ﬂﬂ LWaUIUUTNIINIITNULTDLNRS

Motorcycles
Honda A Yamaha

Wave | Scoopy i Click | Fino Mio Spark
(4-stroke) (4-stroke) (4-stroke) (4-stroke)

(4-stroke) (4-stroke)

# % o W &

Figure 3-2 Selection of Motorcycles for the Assessment.

4. Performance Testing Results — Small Agricultural

Engines

Performance testing of the small agricultural engine
samples involved ignition system testing, net engine horsepower
testing, fuel economy testing, and emissions testing. For
engines which did not pass ignition system testing or produced
less than 90% of net horsepower when tested with high-level
ethanol blends than with E10, modifications were made to the
engines before retest. The modification generally included
enlargement of orifice tubes, referred to as jets, in the fuel path
of the carburetors (float carburetors in mowers and water pumps

and diaphragm carburetors in chemical sprayers).

4.1 Ignition System Testing Results

No Modifications to the Enginges

Ignition system testing results for unmodified small

agricultural engines are shown in Table 4.1-1. In summary,

® All mowers and chemical sprayers (all brands, both
new and used engines) were able to ignite E10, E20,

and E50; but not E85.

® All water pumps (all brands, both new and used

engines) were able to ignite all ethanol blend fuels.

89 wmaAIUEMIULUINTS (Executive Report)



@, = {
vosniymaaslifianuninzay faaiassudmansasauwa
& _do ' o 2 &
wnithanlslunmmaseuaansantsnsaaudssaiassuatin
2wy e wIaspudldmiymmafunuiignasy (n3asdana

4 S 2 v & & '
uazia3aaguil) uazilassudlianiyiiaafununsulaozunsw

(1RTINBEN)

4.1 Nﬂﬂ’l?ﬁﬂ‘k}’lLLE‘!%‘YIGIGE]U&GI’I%‘Y]“HENLF]%BGﬂ%@{
3
NMILNBAIYWIALAN

a 4 A 3 = '
NMIWNNINARDURAIN Lﬂiﬂ\‘iU%ﬂﬂ'ﬁlﬂﬁ(ﬂ?ﬂ%’]ﬂlaﬂiﬂ EJVL&I

aauad

NINARBUFANINLATBIBUGNITINEHaTUUIaLAn las )
gauntaslananinasavasuaadlua1snan 4.1-1 uazayl

NUALLDAAIH

§ @ o ' A
e ajassuadszinnaangiuszdszinnwuendaine
\ATBIBUG 2 Wz BeaNniRe (MuaTadiiuazlna)
a A &N 1 A [ &
lasfitnsasoudlidnisaaudatanuisaaanin
w3assudaaldialdnuuialosad E10, E20 uaz E50

we lRNITEaINIAIasuud A e nULARlTaas E85

A & S A A & [ &

o ainspuddizianguindauduiaiosonud 4 9IMIzNg
wwIadlnduaziaTadininaedns 2 8ve laoflifinng

o A & & A &a x>
AaLUaIATaIuRAFINITORANINIATIUUG AR lan

o ) A & a
wislozed lannoiiaiaings

a & A '
ATHN 4.1-1 HANTNARBUFAINLATa I UG Lo 4
oﬁ'mtﬂaaﬁam%mwﬁauﬁﬂmaaﬁnné’mdm

niaioinds
o <
dszinniasassna P p— N - - — . -
ufialzaad E20 uialzaad E85
E10 E50
i uswiin Ival N N N X
\iaatud 1 NB411 i J N N .
szinn
Aangi fva fagds Ival ‘/ v N X
% T200 s J N N .
fivio faglF T v R v X
\ndaonudt | IH AB0B(TUZ6) | . N N N ”
szinn
Hun i anomas i N v ~ X
31 K-025 . N J N N
fivia saush [ N N N N
. .| iwwsaoxt2
LATBILUA (GX160) [l \/ \/ \/ \/
IR} '
ﬂu\i’] gWe ANENB 1“1) \/ \/ \/ \/
* 1 K-006/30CX
(K-002) i N N N N

el \/ a 4 I3 £ a Fl a 4 i
mnmvml PR Eatd) A9 LATANEUARINITORANINGA, LATAINUNY X Ad mimnucﬂu

MNInEAINda

o

NIMNINARAUFANINLATAIHUANITINHATIWIALANNTIN

msaaulad

NMINAFOUAAINLATAIIUANITLNHATYWIALENNTINANT

aaudadldHan1INAFaUAINTITIIN 4.1-2 LAIIURZLBLAA I

o o A e <. Ca Yo a
L m‘muLmaaﬂumwwﬂaauamswvl,wmu"lﬂmLuums

Table 4.1-1 Ignition System Testing Results — No

Modifications to the Engines.

Ethanol Blend Fuels
Engines
E10 E20 ES0 E&5
Rabbit New A A < X
NB411/2 hp Used 4+ - N x
Mowers
Mitsubishi New v v v x
T200/20p | ygeq o - - x
Kwai Thong New R R '} x
K025 /1.3 hp Used 4 N N X
Sprayers
Mitsubishi new N N N x
ABO8 /14 hp Used - N N x
Handa New A A < A
WEI0XT2
135 hp Used N bl hl N
Pumps
Kwai Thong New < + + <
K-006/20CX
/6.5 hp Used h R 'l h

Notes : \/ denotes engines able to ignite, while X denotes engines not able to ignite

With Modifications to the Engines

Ignition system testing results for modified small

agricultural engines are shown in Table 4.1-2. In summary,

® After modifications, engines — which did not initially
pass ignition system testing when tested with E85 —
were able to ignite all ethanol blend fuels. However,
note that only new engines were modified and

retested.

Table 4.1-2 Ignition System Testing Results — with

Modifications to the Engines.

Ethanol Fuel Blends
Engines
E50 E85
Rabbit NB411/ 2 hp v
Mowers NA
Mitsubishi T200 / 2 hp \l
Kwai Thong K-025/ 1.3 hp \/ * \l
p
Mitsubishi A808 / 1.4 hp \l * \/
Honda WB30XT2 / 3.5 hp \l *
Pumps NA
Kwai Thong K-006/30CX / 6.5 hp \/ *

denotes engines able to ignite after modifications
- \/* denotes engines already able to ignite before modifications, but net horsepower
not in a specified range

- NA = not applicable (engines already able to ignite before modifications)

4.2 Net Engine Horsepower Testing Results

No Modifications to the Engines

Net horsepower testing results for unmodified small
agricultural engines when tested with high-level ethanol blends
relative to when tested with E10 are shown in Table 4.2-1. In

summary,
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New mowers (all brands) — which able to ignite E10,
E20, and E50 — produced more net horsepower when
tested with E20 than when tested with E10; however,
comparing to E10, E50 did not gave conclusive
results, with the changes in net horsepower ranging

between -1% and 3%.

As for used mowers, when tested with E20, the
changes in net horsepower produced consistently
higher than testing with E10, with the range of 3 - 12%
however, when tested with E50, the net horsepower
could not be measured for the Rabbit brand, though

the engine was able to ignite.

All chemical sprayers (all brands, both new and used
engines) produced less net horsepower when tested
with E20 relative to when tested with E10; however,
when tested with E50, the net horsepower could not

be measured.

For all water pumps (all brands, both new and used
engines), the magnitude of the decrease in net
horsepower produced increased with the percentage of
ethanol in the blend, when tested with high-level

ethanol blends relative to when tested with E10.

Table 4.2-1 Net Engine Horsepower Testing Results,

When Tested with High-Level Ethanol Blends Relative to When

Tested with E10 — No Modifications to the Engines.

Ethanol Fuel Blends
Engines
E20 E50 E85
Rabbit New 5% -1%
NB411/2 hp Used -3% NA
Mowers
Mitsubishi New 13% 3%
T200 / 2hp Used 12% -11%
NA
Kwai Thong New -13%
K-025/1.3 hp Used -8%
pray NA
Mitsubishi New -5%
A808 /1.4 hp Used -12%
Honda New 1% -10% -23%
WB30XT2/3.5hp | Used -3% -10% -17%
Pumps
Kwai Thong New -3% -10% -25%
K-006/30CX / 6.5 hp | Used 0% 9% 14%

Notes: NA = not applicable (engines able to ignite, but net horsepower not measurable)

Wit

h Modifications to the Engines

Net

horsepower testing results for modified small

agricultural engines when tested with high-level ethanol blends

relative to when tested with E10 are shown in Table 4.2-2. Note

that only new engines were modified and retested. In summary,
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® Modified mowers produced more net horsepower in a
range of 6-20% when tested with E85 relative to when

tested with E10.

® Modified chemical sprayers produced more net
horsepower in a range of 9-33% and of 2-24% when

tested with E50 and with E85, respectively, relative to

T when tested with E10.
a . BUALTDINGY
lhzmmmamwn . P - P - P
uialwoad E20 | ufalwoed €50 | ufalwaad E85
. 2o uswiin Inai 5% A% ® For modified water pumps, when tested with E85, the
1Aasuud ) ) . . . .
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pHEIN]
L five fawnd Tl 13% 3% . . .
danah ine WagL E10, with the changes in net horsepower ranging
W T200 i 12% 1%
. ‘ NA between -3% and 3%.
) e fiags Tna 5%
1h38UA 114 ABOB(TU26) i 2%
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~ o @ a 4 & = o i g 0 9
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Notes: NA = not applicable (engines already producing net horsepower in a specified range

before modifications)

Note also that the unmodified engines, which produced
more net horsepower when tested with E20 relative to when
tested with E10, were found to have carburetor jets with
diameter length close to what is stoichiometrically optimal for
use with E20, but too long for use with E10. Note further that,
with no modifications to the engines, E85 could only be used in

4-stroke engines.

4.3 Fuel Economy Testing Results

No Modifications to the Engines

Fuel economy testing results for unmodified small
agricultural engines, at maximum net horsepower, when tested
with high-level ethanol blend fuels relative to when tested with

E10 are shown in Table 4.3-1. In summary,

® For all mowers (all brands, both new and used
engines), the higher the percentage of ethanol in the
blend was, the smaller the change in fuel economy

number was in magnitude.
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®  For chemical sprayers, different results were observed
for different brands — i.e. the Mitsubishi brand (both
new and used engines) exhibited better fuel economy
with the use of E20, while the Kwai Thong brand (both
new and used engines) exhibited worse fuel economy

with the use of E20, relative to the use of E10.

® For water pumps, the Honda brand (both new and
used engines) exhibited worse fuel economy with the
use of high-level ethanol blend fuels relative to the use
of E10. For new Kwai Thong engine, fuel economy
numbers observed for E20 and E10 did not differ
much; though, for E50 and E85, the numbers were
lower than that for E10. For used Kwai Thong engine,
fuel economy numbers observed for high-level ethanol
blend fuels did not differ much from the number

observed for E10.

Table 4.3-1 Fuel Economy Testing Results, at Maximum
Net Horsepower, When Tested with High-Level ethanol blend

fuels Relative to When Tested with E10 — No Modifications to

the Engines.
Ethanol Fuel Blends
Engines
E20 E50 E8s
Rabbit New 21% 35%
NB411/2 hp Used 4% NA
Mowers
Mitsubishi New 4% 15%
T200/2 hp Used 8% -19%
NA
Kwai Thong New 20%
K026 /1.3 hp Used 13%
Sprayers NA
Mitsubishi Ll %
AB08 /14 hp Used 0%
s New 225 24% 228
WB30XT2 /350D | ged 6% 17% 14%
Pumps
\owai Thong New 3% 6% 7%
K-006/30CX /65 hp | )0y am o S

Notes: NA = not applicable (engines not able to ignite or net horsepower not measurable)

With Modifications to the Engines

Fuel economy testing results for modified small agricultural
engines, at maximum net horsepower, when tested with high-
level ethanol blend fuels relative to when tested with E10 are

shown in Table 4.3-2. In summary,

® Modified mowers exhibited worse fuel economy when
tested with E85, with fuel economy number decreasing
55% relative to the number observed for unmodified

mowers tested with E10.
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® Modified chemical sprayers exhibited worse fuel
economy when tested with E50 and E85, with fuel
economy number decreasing in a range of 83-115%
relative to the number observed for unmodified

sprayers tested with E10.

® Modified water pumps exhibited worse fuel economy
when tested with E85, with fuel economy number
decreasing approximately 40% relative to the number

observed for unmodified pumps tested with E10.

Table 4.3-2 Fuel Economy Testing Results, at Maximum
Net Horsepower, When Tested with High-Level ethanol blend

fuels Relative to When Tested with E10 — with Modifications to
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pollution when tested with higher-level ethanol blend

fuels.

However, for Honda water pump, the amount of NOy
emitted increased with the percentage of ethanol in
the blend. This is because the engine was
stoichiometrically designed for use with conventional
gasoline. So testing it wtih E85, which has a lower
stochiometric A/F ratio of 9.86 relative to 14.7 of
conventional gasoline and a higher number of oxygen
molecules relative to conventional, resulted in
combustion temperature as high as 800 OC and higher

levels of NOy emissions.

89 wmaAIUEMIULUINTS (Executive Report)




X A N o ¥ .
FwiaadeIwdy o MasgnigegatiauduIzning 83-
115% waiyunuLnIadoud Waauladdanagauals

uwiwloaesd E10

° msmaaum%awuﬁﬂszanguﬂ'mﬁ'aﬁml,ﬂmﬁaf_lu,ﬁ”a
lozad E85  lusmeiaigniggadidasauiios
& a o @ a a X A
oy o idsgnBgegaifndudszunm 40% e
a o A Y A % o &
WounuLeIasuud Miaauladienasaumeauialoaas
E10

AN 432 WSsuisusaauwldandawasluame
iasgndgegadioudalosed E50 uaz E85 ilnunuwialosed

A <. = = e o
E10 °1|€|\1Lﬂia\‘iUu@mﬁmﬁmmmﬂLamﬂiaol‘ﬂu%am(ﬂuﬂm

) rhATBING
Uszania3asuud
uiialwaad E50 uialwaad E85
iiva wndin fu NBe11 56%
4 < o v
inesgudlsziandangh NA
o il u T200 57%
‘ o fagl 11 AG0B(TUZ6) 83% 93%
1nSaspudlszanun
i amema 3 2 17(K-025) 99% 115%
‘ ; i saud 4 WB30XT2(GX160) 40%
m?amuﬂ‘ﬂi:m'nguﬂw - NA
fha am1umas §u K-006/30CX(K-002) 38%

e . . o A o o
LA 1 1A309WANY NA fa Not applicable (feudaudasiaiasoud swrsnrimanaseule
auUnd)

- ¢

44 wan1sansIn1sUandassuanyuadtASaIuwa

[ L ¢ 1 o 1
ﬂ"l‘il,ﬂ‘lelfﬁli‘ﬂ%"lﬂLﬂﬂﬁ]’]ﬂﬂ"l‘i‘l‘ﬁuﬂﬁ‘[‘ﬁe"lﬂaLLﬁﬂzﬂﬂﬂ')%

nydinsdaadaasuaREvadiAI g UANITINEATUMIALEN

Toglidauilas

NMInageunsUaaddosuatuuadiaTadaududas
Usznn aauaadluaT199 4.4-1 WUTUATEILUGNI 3 UTzian
A & o o o & ' A &
03a98ualsznaang 13a98uAUITIANALET LazIA3aduua
dszinnguiin Fuwildulagwfsfaniaudoinunainfe wis
lzraad E10 ﬁmsﬂaﬂﬂa’ammﬁwﬁwﬁqﬂm:msﬂa@ﬂdaﬂmv‘w
o o o o Py A A a X o @
ANRIRUNUTAUFAFIUYDILDONIUO A LT DLW AINLR NI UANE 1AL
' = o o A ¥ Ao o =
ama"lsnmummumsaagumwa gaudn Usng NOx &
e A X e e e e ¥ oadd X
win LN LT uFNN UL Fa U0 e ke s LB NRI TR T 1
IR LA RINNFAFIUNIRTERINIBINIALASLT AL WA
L L . . g a ' o Lo e oA
(Stoichiometric A/F Ratio) YadiTalwRIndazFaaIwlaivinnu a9
A & A Y Ao o o | @, X a
Lm‘aauumﬂuaamiaagummaaaumg_]nﬂsuLmﬂmmrﬁammlu
FAFIWNLANLFNNLEN NI UUEY aanitilanasauiaIasouaens
uislozas E85 fiflAN Stoichiometric A/F Ratio ¥inAL 9.86 ¢n
NINUUEUNL Stoichiometric A/F  Ratio Uszuim 14.7  ¥ihlw
fFrunanlad (Hduuazeinie) azdansmeNuiiad uaziile
P g a o & oA P 2 a
WBalwaILARlTTas E85 Qmm"lmmqmunﬂuga afians
aan%m“ﬁ’umaaﬁ"wm"l,uiml,auﬁﬂuagluaﬂnmamﬁmﬂmlﬁa NOx
X
A

Table 4.4-1 Emissions Testing Results When Tested with High-
Level Ethanol Blend Fuels Relative to When Tested with E10 —

No Modifications to the Engines.

Ethanol Blend Fuels

Engines E20 ES0 E8§

THC | CO NOy THC | CO NOy THC ‘ co ‘ NOy

Rabbit New | 6% | 85%
NB411
12 hp Used | -8% | -18%

Oppm | -40% | -48% [ 0 ppm

4ppm | NA | NA NA

Mowers
Mitsubishi New | 3% | -38%
T200
12 hp Used | -13% | -84%

Oppm | -28% | -04% | 0 ppm

Oppm | -26% | -87% | 1 ppm

NA
KwaiThong | New | 5% | -44%
K025
M.3hp Used | 0% | -34% | 0ppm
Sprayers NA

0 ppm

Mitsubighi New 7% | -40% 0 ppm

A808

4 hp Used | -24% | -35% | 43 ppm

Henda New | -38% | -12% | 2ppm | -77% | -51% | 41ppm | -87% | -B7% | 38 ppm
WB30XT2

135 hp Used | -36% | -24% | 1ppm | -58% | -56% | 17 ppm | -88% | -80% | 36 ppm

Pumps

Kwa Thong | New | -64% | -34% Oppm | -87% | -86% | Oppm | -B83% | -87% | Oppm
K-006/30CX

16.5 hp Used | 30% | -23% | Oppm | -31% | 90% | Oppm | 66% | -82% | Oppm

Notes: - NA = not applicable
- NOx values indicate changes in NOyx emissions when tested with high-level ethanol
blend fuels

relative to when tested with E10

With Modifications to the Engines

Emissions testing results for modified small agricultural
engines when tested with high-level ethanol blend fuels relative

to when tested with E10 are shown in Table 4.4-2. In summary,

® Most of the modified engines emitted more pollution
when tested with high-level ethanol blend fuels relative
to when tested with E10, due to the enlargement of
carburetor jets causing combustion efficiency to go

down.

89 wmaAIUEMIULUINTS (Executive Report)



a1797 4.4-1 wasguwSeuifisunsdsaddesuaiinlan
A o o ' o a o o &
wisasufalogednndadiwmfivunuuialoses E10  vas

A & = | o
WwIgdsudgmInsaTawaanlas lidaua

hadama

- . - .

4 P
AzianATo s E50

ufidlyand E20 EB5

THe | 0 | NOoy | THE | co | No, | THE | co | NOy

Tmai | &% 85% | Oppm | -40% | -29% | O ppm

de a
a%e uIwon
FuHB4 11

Pl - .
LATEIBUA wn -6% -18% |14 ppm| NA NA NA

Uszin

Ao . oo Tnai 3% -35% | Oppm | -28% -84% | O ppm
damein | e TogTE PR PP

JuT200 .
N W | -13% -34% | Oppm | -25% -87% | 1 ppm

NA

de o2 o )
e Denld [ Tng | 7% | 0% | oppm

U AB0B
indBaaud (TUZ5) i | -24% | -35% |43 ppm
Uzzin NA
Wz 80 amanas | g | s | -aen 0 ppm
w2m
(K-025) [tig] 0% -34% | 0 ppm
Bn maud [Tmai| 38 | 1% | 2pem | 77% | 1% |a1ppm| 57% | 87% |38 ppm
U WB3DXT2
\wdaanud (GX160) 1A | -36% | -24% | 1ppm | -58% | -56% |17ppm| -88% | -80% |35 ppm
LR U T A— .
autin ) Twai | -64% | -34% | Oppm | -87% | -88% | Oppm | -83% | -97% | O ppm
g MK
006/30CX
002) 1 39% 23% | Oppm | -31% -93% | 0 ppm 66% -82% | O ppm

A
RUBIAG @ - 1AIBIRINY NA @ Not applicable
- @1 NO, ugasdUABuulasnnlanareudsuialageas E10

- ppm e part per million

N38N15UaAUa o AN HUBILATDIHUANI TN BATIWIALANAAS

aauad

INNIINARDURNIIOUsUAzNIUaa U NaN D

A & o & a A & [y
WIadoudaaauladnd 3 dszinn lunsdinIasaudnasaudas
AW RN B HIUANTNAREURATNUAZRNTTOUE (LATRILUALA
ﬁwé’aqw%ﬁwniWLLﬁ"ﬁImaaﬁ E10 LA%NTN 10%) Lm:gnmm"’mmm
AURIUNTNATILRANINUAZFNITOUES LNAFINITONARDUADL
wirlogad E50 waz E85 @MNd1aL WUILATaILudN lasuns

o ' A ' A A & ' A
mﬂLLi.Jaaa’msngumiﬂa@ﬂaawawmwmugmm’]Lwa
WSsuisunisldudalozad E10 IEUSERIVEERL LSRR TICR
mmmadgﬁhf_lL%aLwﬁaL‘ﬁaiﬁm?aoUuﬁmimwm'nmmLﬁn
guTnldiasNyInadanIInasay 398N lasasInialw
UssAnSnwm s w3 auudanad EINIUNANITNAREL
nsdandsasnanuniunataanladiaIaduudalouialagas

(o) . = % v o & o P
RATIBAN ﬂLWUUﬂUﬂ'ﬁI"HLLﬂﬁI‘Uaaa E10 LRAIGINNTNN 4.4-2

Table 4.4-2 Emissions Testing Results When Tested with
High-Level Ethanol Blend Fuels Relative to When Tested with
E10 — with Modifications to the Engines.

Ethanol Blend Fuels
Engines E50 E85
THC [ co I NO, THC co NO,
Rabbit NB411
205% 564% 0 ppm
/2 hp
Mowers NA
Mitsubishi T200
145% | 48% | 0ppm
/2hp
Kwai Thong K-025
185% 153% [ O ppm 192% 165% | O ppm
1.3 hp
i Mitsubishi AB0S
90% 5% 0 ppm 128% 41% 0 ppm
/1.4 hp
Honda WB30XT2
68% | -29% |22 ppm
135 hp
Pumps NA
Kwai Thong K-006/30CX
388% | 147% | 0ppm
16.5 hp
Notes: - NA = not applicable (able to perform the testing with no modifications to the engines)
- NOy values indicate changes in NOy emissions when tested with high-level ethanol

blend fuels relative to when tested with E10

5. Engine Durability Testing Results — Small

Agricultural Engines and Motorcycles

Durability testing of the small agricultural engine and
motorcycle samples involved corrosion testing of metal and non-
metal parts, as well as fuel pump and injector performance
testing. Again, the small agricultural engine and motorcycle
samples consist of top selling brands and models, with parts to
be tested selected based on their direct contact with fuels and

their importance to the functioning of the engines.

5.1 Corrosion Testing — Metal Parts

In testing corrosion resistance of metal parts, 2 methods —

namely, immersion and electrochemical methods - were
employed. The engine part selected for the testing was fuel
tank, as it is always in direct contact with fuels and can be cut
into smaller sizes for laboratory testing. Among the engine
samples, only water pumps and motorcycles were found with
metal fuel tanks. In using the immersion method, SAE J1747
standards were closely followed. As for the electrochemical
method, in addition to being tested with E10 and E85, the

specimens were tested with E100 as a reference.
The immersion method yielded the following results:

® No pitting corrosion was found in all specimens

regardless of the ethanol blend fuels they were
immersed in. Specifically, no visible corrosion was

found in all specimens after immersion.
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® For all the engine samples (both small agricultural
engines and motorcycles) — except Honda Wave i,
Scoopy i, and Click i motorcycles — no statistically
significant decrease in the original weight of the
specimens was found after immersion.
- For Honda Wave i and Scoopy i, the most weight

loss was due to E85.

- For Honda Click i, the most weight loss was due

to E10.

® The results were consistent with several previous
studies finding no engine part corrosion due to

ethanol.

The electrochemical method yielded uncomparable results
when comparing metal part corrosions due to E10 and E85.
This is because E10 produced corrosion current density that
was too low to detect using polarization techniques. As a result,
the specimens were also tested with E100 for comparison
purpose. The results indicated the effects of E85 were more

pronounced than those of E100 in all specimens.
5.2 Corrosion Testing — Non-Metal Parts

In testing corrosion resistance of non-metal parts, only the
immersion method was employed, following closely the SAE
J1748 standards and ASTM D417 standards. The non-metal

parts tested were those made from rubber and plastic.
Specifically, corrosion rates were determined by weight loss
method and, when applicable, tensile methods. In addition,
some of the specimens — namely, Kwai Thong chemical sprayer,
Honda water pump, Honda Wave i motorcycle, and Yamaha
Fino motorcycle — were tested with E100. The results indicated
the dependence of corrosion rates on types of materials used to
produce the engine parts. Tables 5.2-1 and 5.2-2 summarize
non-metal part corrosions due to ethanol blend fuels. These

different types of corrosions may be explained as follows:

® Type 1 Corrosion
All ethanol blend fuels led to initial weight gain of wet
specimens. This swelling, caused by fluid penetration
of the specimens, proceeded until it reached a limit
and then increased no more. Prolonged immersion
then caused bond cleavage in molecules and some
constituents of the specimens (e.g. plasticizer) to
dissolve. Consistent with previous studies, the results
indicated that E10 had more penetrating power than

E85 and may cause non-metal engine parts such as

fuel lines and carburetor/float chamber gaskets in
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Rabbit mowers to corrode more quickly than E85.

® Type 2 Corrosion
All ethanol blend fuels led to initial weight gain of wet
specimens. This swelling, caused by fluid penetration
of the specimens, proceeded until it reached a limit
and then increased no more.

did not

Prolonged immersion

cause further weight changes of the

specimens. Note that most of the specimens found
subject to this corrosion type are typically made from
plastic. The results indicated that, for small agricultural
engine samples, E10 had more penetrating power
than E85; while, for motorcycle samples (only 2 plastic
specimens), E85 had more penetrating power than

E10. Rubber specimens exhibited similar results.

® Type 3 Corrosion
All ethanol blend fuels led to weight loss of wet
specimens as some constituents of the specimens
dissolve in the fuels. The weight loss occurred right at
the beginning or after prolonged immersion. The
results indicated that the effects of E85 on weight loss
of the specimens were more pronounced than those
of E10, except for the case of fuel line in Kwai Thong
chemical sprayer where they indicated otherwise. For
rubber, this type of corrosion can be more detrimental
than weight gain, causing chemical degradation and

leading to permanent deterioration of rubber.

® Type 4 Corrosion

E10 led to weight gain of wet specimens after

immersion, while E85 led to weight loss. The weight
loss may cause permanent deterioration of rubber,
leaching some of the constituents away and causing
chemical degradation. The weight gain, or swelling,
on the other hand, does not necessarily indicate
permanent deterioration, as rubber often regains most

of its original properties after the fluid has evaporated.

® Type 5 Corrosion
Corrosion assessment could not be carried out due to
specimens (e.g. floats and small valves) being too
small in size and too light in weight; or being

damaged during the test.

Tensile testing, which measures the maximum stress a
material can withstand while being stretched or pulled before

failing or breaking, found no clear link between changes in the
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ultimate tensile strength and the percentage of ethanol in the
blends. This may be because of different modifications to the
gripping heads of tensile test machines for different specimens;
and the specimens not in standard shapes and sizes for tensile

testing.

Table 5.2-1 Deterioration of Engine Parts/Small Agricultural

Engines.

Rabhit Kwai Thong
NB4H | THO Kis | AB

Mitsubishi Mitsubishi | Honda

WB30XT2

Kwai Thong

KDOGI30CX

Brand Model
ltems

Fuel tank
(E10) (E10) (E10) (E10)

Fue! ling 3 4 4
(E10) (E10)

Carburetor gasket/Float bowl
(E10)

Float bowl seal 5

Fuel valve seal

(E35)

Carburetor seal
(E85)

Carburetor diaphragm
(E5)

Supporting gasket for fuel regulating line B

Diaphragm for fuel regulating line
(E85)

Fuel seal

(E85) (E10)

Fue! float 5 5
(E85) (E85)

Needle jet for adjusting float bow level 1

Initial fuel quantity adjusting system 1
(E10)

Fuel jet adjusting ring 5

Notes: the numbers indicate types of corrosions observed; while parentheses show types of
ethanol blend fuels which had more pronounced effects on the engines (i.e. no

parentheses indicating similar results regardless of the blend types).

Table 5.2-2 characteristics of change of test motorcycle.
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Notes: the numbers indicate types of corrosions observed; while parentheses show types of
ethanol blend fuels which had more pronounced effects on the engines (i.e. no

parentheses indicating similar results regardless of the blend types)

5.3 Fuel Pump and Injector Performance Testing

Fuel pump and injector performance testing examined,
under simulated conditions, whether the fuel pump was capable
of generating sufficient pressure to deliver proper amount of
ethanol blend fuels to the injector, as well as the effects of
ethanol on injector pulse width. The results indicated no
changes in fuel pump pressure and injector pulse width

associated with the use of ethanol blend fuels
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