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SO, (ng/m’) 17 180 (24 ME[HSEY)
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(1) KxgiLix
DENR &, 1999 FE RS #HLIE (Clean Air Act) ZHlEL T\ D, ZOEHTIE
REAFIZE N DTEGE OWE 15, HE A AR e 2 4 7 KK
TG R 7o BEEERS  (DENR, BRIR7ZR &) OReds JUOMEHEIZR ENED b
TWo, EHNCET OHE S H Y | BRGO L CTOIRE ) THET A EEITER L
TZHE I LT EOREISN UTEIERT =7 L — MANEZBE L TV 5D 2,
DENR I ZIFRAME T D REUEY~ DR RIEB(L DO T-D1Z, 2015 423 A 24 HIZ K&
EICBT 5 HBEYEN 2 YOS IE (DENR Administrative Order No. 2015-04) %
1To 7, FrEITKR LTI 2016 4F 1 H LIRS EUROIVEEHE * & 72 0 | 2008 A= LAREIZ B 8%
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REPEDN BV,

7 RAT4HIZBFE2REBEORIK

< HT 4 HOAERBIZErE (Comprehensive Development Plan 2013-2023
(Makati 21)) TiE, 21 HARICTT7Z7 4 VB Z Y —RLTW BV a Ui,
VK EEDITE Y — B 2 2925 2 L THREEOET VETHICR D Z L& I v
variiBirohTng, BREFHESE T, TTNORKENEEREO 1 2L L
THEY BFonTRY ., RIS 72 BURIEE O 72 912 2006 47> 5 DENR O {5 /) D
HERKEE=X VU IRERINTND, LLaERSZ0BMRITIRAITH Y |
2011 42 TPS 73 132y g/Nem & FEHEE D 90 11 g/Nem LV _E[E > TWD 721 T <,
v =T B OEE (118 u g/Nem) Zd EE[>TWAIRIMTH 5,

R 3 <ANT A HITBIT DERBRERFIRWE (TSP)

2006 2007 2008 2009 2010 2011
TSP 1 g/Nem 1563 141 158 106 158 132
% change -15.47% =7.84% 12. 06% -32.91% 49. 06% 16. 40%

Hi8t : Comprehensive Development Plan 2013-2023 (Makati 21)

A &
~ AT 4 HOMBMZK 6 IZFHT D,

Office of the Mayor

Office of the City
Administration

Administrative Protective Environmental Finance Infrastructure Social Economic
Services Services Management Management Development Management Development

General " Environmental Office of the Education Internal
FUlilts Extietly Service Budget Dept. building office Dept. Relation Dept.

Risk
Management

Accounting Eng. and Makati Health Enterprise
Dept. Public Works [} Dept. Management

1
1
1
F
1
1
B2 6 O REIE YeBA 1L BEE 9~ 2
B 6 ~X7 4 MO
H#t . <~ 47 ¢ website

RS2 6 DIRKIHE YIRS 248 & LT, Office of the City
Administration, Public Safety. General service TR Environmental service ®
4 ODEEBENET BND, Zhb 4HEIL, KEMMERERICE A RET D TE
ThHWE K FLEEFECTOBEIE L LTHEL TWDHN, 435 & OO R.,
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KELFNHT LD Az b ST VWEMERF L TNWDZ L xR L, %

K+ FEAFFEEEMICIN T 7= Supporting letter 38 L Ok det (LT, M/M) ~PD
T A ANTH IR RS E BTV D, FEOXEI 2R 4 1508 5,
BICBIT D~ 0T 4 HiOFHEY T Public Safety @ Arch. Elmer M. Cabrera Tdh -
Ty, N - FEREFHEICR T D EHYIE, 2016 4E 5 HIZRERH L L bbbV, £
RZICEHSNDITRERZZ THikT 5 TETH D,

£ 4 AT A TOBEETE L £ ORE

BHEE B4 A& ZE
Office of the City | Ms. Ramila C. ~ BT 4 THORRE B N HF R O
Administration Cruzado B b i HE
Public Safety Arch. Elmer M. AT A TTNOREE 2 Y, ZEE

Cabrera FRIZBE L C MMDA L. 9 2,000 A A
VA % )

General service Ms. Viloy Lazo | ~HFT7T 4 HMNArAET 5 HEE (N RE)
DI 22495 Motor pool ZEHE, {5
% D B BRSORR D

Environmental Mr. Danilo KEGHYRIR, TAHUEE, =R T X
service Villas (GHG) &R, 1R bR A+

Hi . w7 oo 7V 72k JICA SRAERK

v FHE

AT 4O 2011 O PRIFAIFEICHA 1%8ML, K83 {E7 ¢ ULV
(LLF. PHP) Th oo, EREHIZ, —BRAEKI—E R HE, @BESLOS 7
TENFHETH D, BEEBETHIL, 5.85 (H PHP TH W 2IKOK) Tha Hed, 1 —3 —
3 (2) =THRIRT 5 RKERBEEEICHT2MY AR E 2L TnD, Fio,
NAFELEEET DALY — EREMIL 18.8TfEPHP L 72> TBY, I T 4D
ITBOES , NyE, YT EICERShTw5

Kb AT 4RI DHARRE (B 10 /% PHP)

Genaral Public Services 1840 LS 1.887
Education 1.581 1.312 1.473
Health 1.190 1.308 1.491
Soclal Wellare 0.234 0.216 0.235
Environment 0.551 0.541 0.585
Infrastructure 0.826 1.817 1.632
Protective Services 0.277 0.316 0.308
Economic Services 0.144 0.160 0.180
Other Purposes 0.419 0.910 0.465
TOTAL 7.092 8.177 B.256

Hih . <~ 57 ¢ 1 Annual Report 2011
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I TAhT4HICETEIRRIREREICHT YA
- AEhEPEREIZEIT 5 501

KRR EE (Clean Air Act) DOHIEZZIT T, 2004 FZ~ BT « HIXHE
HOPEH A & D KEIGYINH 0 76012 B BhEHERAE FESH] (City Ordinance
No. 2004-32: Makati City Vehicle Emission Control Code) ZHlE L7=, Z
DOEBITIE, THNOEE_EEURE 0 1288\ CTHEA A FEHEZ T 7= S 72 B L2k LT
W30 1, 000 PHP, 2 [B1H % 2,000 PHP, 3 [B1H LLK:IE 3, 000 PHP D EI4 47 L
T, EEEEH-TETHF AN L= EHINTHZ L 2ED, Ll
N, LWEERE DI D RTAN—I6D 7 L—L%E5%1F T, ZO5REIX
2013 FICPIEZIRDBZ LI oT=, BIE, ~HT 41D Pollution Control
Office 2 H EANZHBNEOPEAT AR 2 LM L TRV GERFITIXEEZHL
TWARWEDZ L ThoT,

- KR]EDE=4V T

~ 77 4 X DENR & 1 /) L CREIGG L~V ORIE « 7 — ZINEEA BRI
2006 FENHE=Z Y U JiEE ZITo TS, 1—3—3 (2) 7TOF 31K
T LI, HNORGEHD TSP L~ULE 106~158 u g/Nem ZHEE L CTH Y, K
RERBEWEICH T CHRITFHE LTS DD 7 ¢ U VU [EFBASEH
2010-2016 TRHRE SN TVWD 90 pg/Nem ZIER TE TWARWONRIRTH 5,

« GMS %L & D3

AADHBIE [oT X F v —D 70— LFE Y 5 09— 2 (LLF GMS #)
AR (BoP &) Zxt5 & LT ARRFR R — e 2 2 i L T\ 5,

ZLDOHRNT 7 A4 F U ABEEH/ LN N G, HTADZ N 2 A
fe—27 2470 _dgaC =MmE (M7 A 27 )V) 2 S vkt T D 7,
~ AT rAFTUAERERTDHZ L CRRFEMER 4 A ho—7#Hilj, &
OVEBNEM®) ~DOEWEZ et S8 5 2 & CRABREMEOSE Lttt s B
B LT, MFITREL 2015 4 10 ATk LTW 5,

ZOFEEIIXH LTI AT I TFEZH L TOWRWD, FEOFEMICHTZV |
VEEFHDOIIT, P—EAHIAFEORA T UV —=2 7 SRR ~OFH 72 &
BN NN 7T v 7L TEY, KREEOE[ZIMIT THXENHFFTEX 5,

- REARTEE)

KRG L DR Z M2 5720, TTNORMET 1y =7 b %% LT
W5, IS 8 ~7 X — L K STHND 12 DA Z T - FHE L THB Y, 2002
FEN D BRE U7 AEARTEENIC 0 2010 4E O RE S CRIEEDK 9 T ARDOR AR DA
ZETLTWD, FRIC~IT 0 Tl OMKEE & HHET 5720, 4 >0
WIEOEEEHE L TWD,
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H59 5,

Asian
Development
Bank (ADB)
X Clean
Technology
Fund (CTF)

BEMAC (3%
) EE A
A&tto
T 12
1)
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1—5 NEE- #hFEDOE DR RRBEOSH
1—5—1 HEERICEHT HSHELE - £EORH
SMETEAR DOFE DSBIH] « £ 1R X2 ERIE, 1991 FEXE R E GERnE LS 7042
. 1996 FFLIE) 1IZKoXx, X TT 4 7V AN IR SND, RATT 47V R
MILLTD 2 2ONERH Y, EWINICHESND, £ TICHEIRAXATT 47V R
k(2012 4E 10 H 29 A KFFEEA) I2BWT, SAEANC L 28%E - FTA N, BIER
FOWRBIEIC L 2R0E - Bl STV 02 ond, AR T HEEEE - 2
TFTUAYP—ERFEETHY, KFD a~f ITIFFLH L2V,

£ 1 AEACIZRE - TAPRL - BRI Sh W5 08

S HeR SETE
asNES AT AT La—7 g RS AAT 4T B

g (= o=7, EFEEE, S5kt
M SRR L) | JAIABEAREKEN
250 5 USD LA Foo/hgeZE, R fiiriz
e IwAN

b. A& R 20% LA IR 7 A (G

cHMNE LR 25% LA T IR ERSE, BN TESMtE Sh b AFE
(o - (EHEK BEZES (BOD)
BIZESLSA V7 7B T n Y =7 ME
Zhr<) . BARBEE i R D IRk A A
d.AME =R 30% LA T IR JRERBR)EZE

e SNELEH 40% L TIZHIR KIREVROLRE - Bi¥E - FIH., FAAHO
FTA . BB L%

£AME HEER 60% LA T I PR AEEIS|IZE S (SEC) #iflo~7 747
VAR L OB 4

HL 55 9 R AT 4 7 U A k% Kl JICA FHA R

1—5—2 SEtXDLhOFREIZEET %R

1987 4EEEDO L &, BHOFT AL, 74 VEVABLORT 4 U B ABBEARDR
K 60% #7272 SICRESNTE Y, AMEREB LUOSNEANCEL S T
HOFAITRO LIV TV, KEFETITH b BIZKRIBRT H0, NX— M F—B5BFED
BRI B N THEFMTO Y —2AZBE LT b7, HHIOBE AL L7220 /A
HTh D,

1—5—38 BEXRZICEHAT HRH

RS DN D BARERIL, REEARDEAR 25% MY O & 5l & =17,
Z DB Z R DIAL 25% % FEFRITIAVGAA TS Z & D OHIAEARLEEN 5, 000
PHP LA ETH D Z &L TH S, HANTHRTOEHE, SMEELRD 0% %2 5240
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F2H RELXOHA - FINOFHAAEERVENEXREDOH &

2—1 RELERVERANRAFTFNIEE - HiTOHH
2—1—1 ¥R9H
(1) BEBEZREHRDETR
1—1—3IZBWVT, BEHEREEE (A by 7) I& 769 TRICELTWVDZ

EaRR LT, BEVEFEHRORTF R E2EH L TV D LTO (X EHEMERN OB ea 5 % £
TOLEBYVARLTWS, ZHUTED L, KREIZBWTCHEHXNR TH H /3 ADXE
FREHUT 2013 4E T 32,000 BRRE L o TS, £7-, LTO~DE T U 72k 5
L. =T HHBE TONZROETEEITB LZ 10,000 BRREELDOZETHD,

* 8 HMEHIOHBEREFLAHK

18

2AT 2011 2012 2013
BETs Rt 61,743 70,344 73,651
SN R 766,844 781,911 794,497
&t 828,587 852,255 868,148
B g% 96,102 104,689 113,872
UV BT 1,652,300 1,666,621 1,680,700
BEr 1,748,402 1,771,310 1,794,572
BT Bk 39,999 42,165 46,535
SUV T 244,100 268,356 299,861
aRt 284,099 310,521 346,396
Bk 20,643 19,834 23,702
N4 T 308,742 321,738 334,743
aEt 329,385 341,572 358,445
BETs Rt 3,474 1,930 2,946
INA R 31,004 31,656 28,719
&t 34,478 33,586 31,665
B g% 1,052,863 1,046,228 1,140,329
MC/TC BT 2,828,597 3,070,462 3,110,338
S 3,881,460 4,116,690 4,250,667
BT Sk 3,071 4,378 4,765
Trailer T 29,460 33,081 35,380
aEt 32,531 37,459 40,145
BTk 1,277,895 1,289,568 1,405,800
Subtotal —

E&en 5,861,047 6,173,825 6,284,238
Total 7,138,942 7,463,393 7,690,038

Hi#i : Statistics Section MID, LTO, DOTC (2013)




HTEORFEICEET A8 & LT, NNA Philippines D HFIC L D &, 2016451 H
~10 H OFHEIRFEBEDBIERISILL 22. 4% D 234, 951 B ToH 0 | FrlZ RBIpEH H
LA 156. 5% (2.6 %) D985 B TH-o7mE L TWVWD, EHIZ, HFFE—F—X
74 U EATEAPERE N Z 1.5 /% (2,000 525 3,000 &) 125 & BIF A EEIAH
HZEHEPELMMILTWA, £721%. ManilaBulletin {2 X A & IsuzuPhilippines
Corp 78 30%HEPE L TRV . 2015 D 1 W #0578 EF TR -~ T 54%
HOTWD EInz TWD, ERBURE TR ARBPERA > 7 T TR T
v 7 DIRFENH TN D LR L TV 5,

— % BT DUV TiE, DENR O R IESEIZ ) LT, EURO4 Kbt DT B3
W2 CWb, NNANews a2 —RIZXDERVHE « =X 740V EVE, 740 E
CTCRGET AR 12HEME (T 4, FEE YA, HR-VE) N EURMA &7 L7 &35
FIE %, DENR B3 TW5D,

ORI v 7 R—EEMETITHEREA O TNDL HDD, /NAZDON

I KR E L THEENPREZEDTNEZENnD, RATZ VY UVOHRB AT
AKRFESORET, RESRVNLEDEZEZTND,

(2) NREBFTBEE - IV AVTFUOANDERE

1—2—2TlRZLBY | ~=FHHETIL, M1 TEDONNABETLTND
N, ANATEESIITR 1,000 50 | BT 0 ONNZOEEEA BT 10 B &
IREENRZ, FMONZAEEL T, ARG TRHHEZKZ TP E A EZWAT 2
TeAN—EHTH D, —H T, RABI100 BB LG NINAFELLH Y,
IO LEANFEATHS THOHRENRZAZMANOIEA L, AEEZH L < LTHEAH
LTWBD, L DR TITFHTH S,

TV AT FT A LT PUIRERZR A T F U A 2T T 5T,
T & A EDERDOFEZISE RS TS, AT T U AEE OHENARE - Mxtik
R, #E - ~=a2T7 bR E, RO NEMOBEEMEIZ OV TOFRERAE NG,
AR OREEDNANE | MbET 2 ETRIAZMET 27 —ANRZ0, £,
n&ﬁﬁ*ﬂiﬁ@74)Ey?@$¥%LLTE%@%t:yVVxy%%yx
TRACB D EMRREOFERIZ1 — 2 — 2D 5 (TR LZEY THh D, THiRE
Fhi L7eWET T, = VU O R, = DR, EEEROEB) I E
TV UMNL, NT kv U ADHER, ERBEOILE DR T mE AZB N T,
FITHHETE TR, o T, =V U BIEA =D —OHIETHEIL L e
VAT FURAFTIZEALETOR TN EREETH D,

(3) BRFEHEEDEIF

[ B0 72 JFU ATAS O ZS B3Il DN BREHA B 4 D B A 52 1T T IREE D /NTe g o0 28
HRREL o TWND, BIIZOWTIE, 2014 49 AKERTIL 45 PHP FRETH -
72b DM, 2015 4£ 9 HEEAE TIL 27 PHP BRI T L TWD, a7 DM TH 5
DDF {b#%121%. LPGREL &3228, 2014 4 9 A S TIX 35 PHP BRETH - 72 b
DA 2015 4 9 AR Tl 23 PHP FREEIC T LT\ 5, F72, DENR O R&F kikik
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IETIE, BREHZ DWW T 2015 45 7 H LAKE O EUROIVEHENELZ E D TN 5 23, 2016
1 ABIAE. EURCIVAHIES OBHAAEHMIAS 1. 85 OBHRELD 2 555 D kg K UET
Hot,

2—1—2 REHES - HiTOBME
(1) REHG - JiTORHE

BEGETHD a7 it 1973 FIHRASHAL LTl —B L TR 5 O
7T MR OMTEREY — A2 EZ DB E LTS, FFIZLLTD 3 D58
T, BENHIFEZBELTBY, Z00BOHE 7 a A4 —"—325Z L2k V,
IMTEEN ZRA L, XA L) =N TH—EADORMICE DTN D,

O BEhE (WU, —dm) . EERAK OB O o =Y T &

T, RO DU AHIN R DO« IR AR ERIMSE O A N

@ LR ERFHA (4@ 2 AN 1) 2 & % pE 3 FREARE &b D B - o T

@  RBERS S— Y I TERE R AR GE . AR SE 2 W e — e R

O H—FHE (BREA—H—DT 72— —E2DT 7 N — v %t
Ji)

WD WD FBENR O —ERETH Y NIRRT - BIEIROHERE - o - it
fizxtd 2555 =—XZx L OMNET S Z e < il » 2K - & E 3G
T5HZENRHRDEWER A, Lo T, THEOEATFCENRKFEEND
[Wofcl&xoarsy) L LTREFIZOEVEVICEINATND,

SIENEHZ T E L T DL, EOHPTHEANRDT 4 —EB/LT 20 DDF 1k
EENIHED A= =R — L OEMTTH 5, Diesel Dual Fuel (DDF) & (FHRji#5 k
BB AT DU BN 5, BilE LPG 2 EFHIEC X > TER T OMEEI& %
BB L, [FRFEHT 5 2 LI ko T Em B, Z@bxFE (€0, HITECZE Ol
OHEH A A (Nox, —F{biRF#E (CO) | fb/ks#E (THC) | kiTkE (PM) ) %
KIEICHD SEDV AT ATHD, WEDT A —ELm PN, TARRED
ZMEEHIEEE (oY ar bo—a=y b (LATF. BECU) . L XL — &%)
BEHEETDH L TUETDHZENARETH D, K 8IZDFIbA A—TERT,

ERNINN AN

F4—HELIDY H R ESHHIEEE

8 DDF LA A—¥
- JICA A ERL

DDF fbH AL, ARICBWTHEV AR 27—l <, TERTE Y, FOH
i & L CIE 2008 4R |2 Hi4T & 417=. NOx « PM DF ¢ — B LR A A B TIHRS « —
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AT ITWESTND, TRAXF—EFD 2013 FEOART —FXITLDE, 2FHIC 218
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#* 9 DDF{t#EEH

1| 7 A RE G A A 1K ¥650, 000
2 | HARLA 1 ¥100, 000
3| BftduEE - R E 1K ¥150, 000

1 &7 0 DDF LA 2 ¥900, 000

HRBART U HET —EL FE6  HER & 7000cc
Hh - JICA A VERK

(4) EBRNDIRFEER
7 IGFREREIOC Y b
~=TEHEOT 4V v ST ABEMTHENTHA SN TNDE T VY ERE)
T4 —27 U7 O LPGALE I U= P H AR & 2 THNRESE T vy =7
b & LI FE SN D D, B TS SRIKEEZ . (R E D 1.5 b
YDT7x—2 VT MOV YT ATEEZITV, BUEMEL EOHE T R D3R
MENzor YUk, itk S s o o DU FARRHIE L, UV FALS
Teo Tk, =Yy EMESRERS A 20 L. dod TREMOBIZEY 2 — /1 bx
ERL, TORMREY — REFMO®HE, h—# /v a2 FOEJAE FEI Lz, Z OF,
T4 UVEEVIEREEBE L, (K2 X M CBRIEUGEICHEIRT 5 Z LR AREL 72

-7z,
— g\ !!\
g

Injector Assy

Fuel Cut Solenoid Vaporizer

X 10 THREHET=wY =7 b
L - JICA FAHIERL

4 S—J-——HAIPGTVCURAEITOS Y +
~=TEMETETT YT == [REI=AX] OV % LPGIEL,
R RNF—DRE L MTRESREL KO M ny ey MEFEEL
7oo SFEREEBRAICHMIT ) THN O o — 7 =—H LPG = ¥ U BRIKHZ = T,
LPC = P ORI R A EM LT, P— = —OREENRES 2 e T v 7 %
BLTCHEL, doEa X RO OMERF - BELO LG S &G ofMat L, FEBAEek
BAEREREE EORIEMEMA LT,
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BE 2 U—7=—0 LPG1t
H# - JICA FAEIERK

2—1—3 HGiethitR e &L EREBAYE

DDFfbF Bz, =T D7 U — A FEE LT, =208 0% 2
FLUL— VRO )= F =B DAL T LE Y FiERD D, L
NLENLZ YU FDOLEODANEZ L7 A -0, BFEZ PV IZDF %y M
BT 2 DDF bl ERIEm LD 2O a X MIFR 10 DL BY | DDF (L&t
NRAEREOARAEL 10D, DFE V| DDF ki, DEOEE CHE At - % m Lk
XD ENTES, BEEMTOFNTHD L2 D, F7-. DDF{LOBRBEMEFE
I% EUROMIZEEIZAH Y T~ 23, JefiE S - K& kikicks T 5 [ F O Heavy
Duty Vehicle] B 7 3V OHEH AHHNIZ XIS L TWD, ok, ZHETDOas D
D HAARIZIFT D DDF {LFERIT 10 B TH D,

£ 10 F o PUOBREMEE - o X P

WHT 4 —E DDF 7Y —rF 4 —EL
R LS| B +LPG B
BREEMERE EURO T £:%f EUROTII Ak ¥ EUROIV AL HELL F
SHE ik g HEE 4R TV DA Z
SN Fue +90 7 2R +400 J7 FIFEE

B - JICA F A HIfERL

F£72. DDF{LEAT O —E AEBOMEDOE I bFA A <7z B & L
TETFOND, 27 0 TE, FBENHS—CRETHY RN L, DEBSUL AT
VN, BT T REOVEREME & WY BEEER AR L, RO RRIC = Y o TE
FESICET 2 H LW HHE=—RXHE LT D, TOEBITTRO®Y TH D,
SRE 2 B INEIC X D RERE & R AE O
HE O 7 v A — 3 —(b L E AL
WHEBOSHETAL

#

© O
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@ TRFEORBREHOEMEIL) & TR ToOREO~=a7 /U b) ZHEL,
FHEE B O & OO BREE O B

® ITHEM oW EoZ, SEABORH &R O & 8

® A—H—P—ERPHE - FFEEKHE ~DOSNN

@D M —e XA THTHOID X D 7w E 22BN D B HNIC S </
TN DR

FREBGHAREMRAIZAT O 2 LISk 0 HINICR L TERICm E AV, FBEWRHIN

2. BEEHBE TR OEDENF—E R E{HEY Y 22— 3 L ORMEET> TV

D

2—1—4 FEMH - BEEDW
ARZIHERAIZIB N T, S 1y FIZRM OS2 % 115 DDF /L L TV %43, DDF
{ERITER DRHARE SR 2 N — A2, DDF AL ZAT - 256 OFIHHEIZ & > TORFHHI A
Uy FORHET T2, ZOREZK 11177,

QGliE= LD
18 4-YDEREITIERE 96,000 km Provincial OperationM 15 & (1 H400kmiZ2E , 2400 FEE)
A& (B {maET) 3.19 km/L ETT 2 BEAMT—RICEOEHE
R (k) 4.26 km/L DDFiL#E D EITHERIER
B fiA% 69.82 A/L 201549 R O {liEE(CH H (26.75XY x 2.610//XY)
LPGfi & 60.68 F/L 201549 B O lEEICH H (23.25RY x 2.610//XY)
DDF{L#% DEHELPGRDESEIS 0568 L/L B5H:LPG = 20.8:158 (HKIKAFER—R)
BELAOUICDDFEICETSEM 1,200 FH (%305 M. DDF{£905 M
(EEREES
B {man
BmEAE 96,000 km + 3.19 km/L = 30,094 L
BhER 30,094 L x 69.82 F/L = 2,101 FH
ik
BEmERE 96,000 km + 4.26 km/L X 0.568 = 12,807 L
BhER 12,807 L X 69.82 /L = 894 FH
LPGER=E 96,000 km + 4.26 km/L X 0432 = 9,728 L
LPGEH 9,728 L x 60.68 /L = 590 M
BlE®kor—2ILER 894 M + 590 M = 1,484 FH
HIRSR (&8 1EHTZY)
BmERE 30,094 L - 12,807 L = 17,287 L OD#iH
LPGIEAE oL - 9,728 L = -9,728 L DHIRE
oS- 2,101 +H = 1,484 +H = 617 FH DAl
B & RUNFEHR 1,200 FH = 617 M = 1.95 4

11 "2 1EHEY D DDFILOREFHAY v b
it JICA a7 H 1Rk
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DDF A7 B ONC = o P A — =R — )L D 7= O I & LT 120 75 HARE X
FL Db OO, R B X0 BREME HEMEI L, 2015 4 9 H RER OBREHTRE
(#%3 26. 75 PHP/L, LPG23.25 PHP/L) #HWTHHT 5 &, 4 60 7 R D
BHE RIS D72 R DGR & Ip o7, EORER, HEINERIIA 2 4 & 720 | DDF
U CERATI AR 2 L Lo 255615, FIREIZA Y » bR SEHERR L
Tpodz, TRk, HUMURINEIECAESR TR E e gh R - BREMIRS - SRR EREEIC X o
TEHTLHRICEET HDLERD D,

F DDFIbEATO Z LI DAL TF U AT A FOEIZOWTIL, LPG 7 4 L H
—ZHa, LPG L X 2 L—F W B L ORI~ 7T T E S a A h T, 4[5
HHRRE L VETH D,
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2—-2 RECEDBERBICET2ENELDRLE DT
2—2—1 BHNELHOBEM

a7 HIX 1973 FEDOSAERRSILISE— B L TR 2 5O 7 o Mo N T4&
YV —EC R E-2%BL LTBIECE-STHEY, FREREA—T—% ERA
B E ROV ZENRBREME L, BELREELFT &, 20X 57
B BAROHBEERIIHRSEICHER L TRV, SEREA—7—0 5 T HE IR
DOLEFELTTIERLS, 77— —ERICHET HEEICHONTH, Bl ~
DEYENFHE-TEXTEBY, ZTOT U M= 7 LR 774 F = —
YDO—HEEHNTZWEEZEZ TS,

Fo, BEMRENFECL DI FE~ODEERNIVB DD 5> BT, BROLEER
FTA =L UTAMNRBIZER L, 2007 0267 ¢ U B TOV— B R EBAMRG &
HEDTETCNWDHLEIATHD, BIROERY 257 vy NOWREBENH D72
NT, 5B ESICHFINEZED TN Z LT, BEE R D NIRRT E » Tk
NeHDHEFELE L THERELTNEZNEEZEZTND,

2—2—-2 BNEROAE

B — N —f¥E L OGP THRMEANZRL L, A s 2e4ki2xt LT DDF {k
P —EREZNIHMET I T VAT A — R E#49 5, DDF 1L
=R L TEG LR Y, EMAL T T U A —ERA%2HATH) v —X
—IZL T Z &M,

Fo, BHERAEROWNNCE & « FZHEFHECRET 5 AT — 7 R X —0, BTE
BEICH L THENZA L TV LATREFATH D720, Ade 2otk LT
YD DDFAERHERE I D L O IT, Wi - EFEFEICBIT 5 ' I KRS E)
L2l U CRREEST 5,

=1 M
Hibie e DDFE & R EEA I+

Ea

BEEAT
(DOTG-DENR-MMDA)

H&E DDF{E 342
IO AT SR
DDFEH—F Rigfit

BihiE AWV)

X 12 ECXRBEROME
- JICA FHEM1ER

2—2-3 BHEMTHRIETOE - Hhig - #H
T, BICEOH D7 4V B~ =T TOE VR ATFHZERA L L, #
EPHEICRSTZERICIE, v~ =T8T 52—E A% T v 7 EEBINL CE
RYERZKY DD, 74 U EVHE _OFTT CRICOEA IR T BHIZONTE, REH
AT 5, BIC7 4 UL THRDOPHENSE LS LR L TWDLIHET VT %
H (RFFARIrr~—%) ~OFERERIOVTHERFZITI.
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2 —3 EBEPEDBNERIZLZENAEMEZFADOER
a7 ARWSMER AT O 2 L IT X o T, D EHUSAER IS L CEL R O R CTE L
TEXHEEZTND,

HI O T OTRETG~OE R AR ET L E D

HEVEEEIL, MO CLHRY T 74 T o=V 2B L T0HD 00, 77X
— P —ERZEET D REICOWTOWSNMNERIIEEELE NN OB TH
Ho AT IAMERET NV ERDZ LT, HIZIET VU RET TR BREIROD 2
VT AREEOWINER LR - (B S D, Fo. BEEEEORIEN
TIFENEE D 41. 3% % 58 7, K1, 700 O A BHEERS « (FEARE A —h— (&
ED 21.9%) BALET D SEBHRICBWT, 7 4 U B ~OE S 0w 0 T2
CICIRET D a s nEELEEET D Z LICX > T, o F/h - FEfY— e 24
BIZHWBNEROF ¥ AR EEND,

CH- R - EBDAIEND
ERICHBI L, 27 h b5 NOENEREEOREADAIH I ND, =27 B,
JICA FIHBFTOZAED T, 7 14 ) Er~OFEERBICHAT T, BN BEHRERH
7 (TESDA) CIERENRER 4 A 9 5 H MM 718K 0B 4 2015 4FEIZERHI L TR Y |
S LEMAEMGE L TR LTV PETH D, E/o, HEVEHG - LA —%
—HZVWHFEMXIZBWTC, a7 WX 2MEHEENSIRET D7 4 U B
~OEEEHCE N T2 8D 2 R — EATFERAIH SN 5,

- HESM D D DK DA S D
a7 I NEAMBZIHEZ AT 5 2 L2 X0 sk BT~ OS2 A
S, a7 B LWMBI0H HHITAEFE L OFREHZE LT, & 525 HFEANH
DN EEND,

T THWHEE L I Q&A 2015
8 IRIFPERE [Tk 25 4F T M
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BI3E FAMNRAFTFIIRE BRI SRERVERAARELED

REHER

3—1 H&E - HiTORELES
3—1—1 DDF /AR DIEHR

AN T, RIEIFTA OBE#RE/IA (M Transport Inc.) Z/3Afmw h& LT
DDF fLA/E%%1T > 7=, HM Transport Inc.|E 300 BDONAEA L, ~ =T EHLE FEH
2844 (Laguna) 7H~ =7 BB~ AEITH—E X244t L TW5, Zods, HM
Transport Inc. D#EIT7 4 UV EVE 2V OB EE LB ANAHMETH 5V
VR AZ (Southern Luzon Bus Operators Association: (SOLUBOA)) DO T
b, FEESBE THLTZOAAENE . MO NAFEEERE~ORER 1K
ENWAMTH D, 131273 XK 912, DDFAL L7=/ 3 A% 2009 B0 8k S, HFE
F 4 —PAD 1993 FERED T 4 — B Lz o DU AR LTV,

Year model 2009

Engine model FE6049055B (Nissan diesel)

Fuel type Diesel (non turbo)

Service type Provincial operation

Emission test
(light absorption, m?)

Fuel efficiency, km/L 3.194 (Jan - Jun, 2014)

X 13 DDF {b/ SR D#EE
B - JICA F A HIfERL

2.111 (Failed in Aug. 2015)

201558 AT 5B TIThiL TV B BET A5ER & HE 7 AikBk & o % — (LLUF ETC)
THEM LT, FORE. IR 2. 11im &2y . HEHEEA#E %2 [Failed] &
ootz (K 14) , ZOREREZZIT T, ZONRTERTNE 72572,

o
PRSI
(R )

LATETHAL TEBTE!

FEBMAET
gru'lm
WS e O

S

| s 2 ‘

14 DDF{ERZOYA 2Bk (DDF {LHi)
Hi#t : Emission Testing Center
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3—1—2 Pilot/NX® DDF 1t
HM Transport 7> SR &AL 72 /32D DDF AL 2 Fhi L 7=, —HEO{EZIL JICA i
MO DFfbmr =7 DEEDOH &, SHig#ES (Philippine Automotive Depot
Inc.) D7 4 VBV ANAK v 7 DXL EhE Uiz, DDFALZIZHEN AakBr 21T

-7,

3 —1—3 DDF {E/NRDFEITEHAER
DDF Ll t: DR E o & il d % 72612, DDF {b#%1(Z Sucat LPG Station & Sta.
Cruz Laguna terminal {38 D EITRERA FhE L7=, DDFALRTOT —& 1% 2014 4 1
H~6 H OEATREOEATIERE & BB = 276 L7,

3—1—4 HfioBN
DENR & D& X F—D A4 18 LT, DDF fbH AT O, Pilot DDF OOl B
W Ry FIAFF BT HIEFNAE . DDF L SADTE LA ML —y 3 V51T o 7,
SN LT REINASIHEOHIRZ BT 572012, 77— MNIEZ S LT,
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3—2 H& - HifTORE S ARG
3—2—1 DDFLEMDIRAE - RIEHER
Ao A 1y MBS DF{E7av 24K 1512577, DDFfbiZEFo oo
EHEARFORE~NRT 12D — =R — V2 Ei L, =V LPGH 7 D
FX1E. LPG « DDF % > hOE Y {11, 2588 %E (v v v 7iiH) %3 L7z, DDF
ﬂe\/ MIAAXY, LPGX 7 ifﬁﬂm DWIlE LTz, vy B OMFHHEIL N T
ANR=SHTIDT 4 — KXo 7 52 7 6 FEhi LT,

1. Overhauling engine 2. Attaching electronic throttle and TDC 3 Mounting DDF engine

X 15 DDF{k7"m&Xx
B - JICA F A HIfERL

FDH%D, ETCIZT, HET AR AZIT o 7=, W% E (1ight absorption
coefficient) ZFHIL7Z455H2% 1.033m ! & 720 . HEH ZHH 2. 000m 227 VT
L7z7=, X 16 IZF /RO Y [Passed] DOREAENIIT L7,

M ke

EER LS Y BG4l W

"l('n

‘m "W [-T!iﬂhnnunﬁca: _'| |‘ |

X 16 HEH ZAHBRAER

H B Emission Testing Center
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D%, ETRBRAEITV., LT O — N &BAE UETTHRE & RBENE B O RE
Nk L7 B 2R L=, DDF {LilX HM Transport 7 bRt S =& 75— % (G
1THERE 29, 131km & PREHEZE & 9, 120. 19L) 75 3.194km/L & B & 7=, DDF [k
X, £ ILIORT L 912, BHEEAFE 155, 9km, BRBHEEE (5 4 —E /L2820, 8L -
LPG15.8L) | BRE X 4. 26km/L L 72 o7z, 7235, BREHMRIZ, DDF {bA] (BA%E 3. 194km)
D56 1, 305PHP & 3R 417223, DDF {kf% 1% 923. 7T5PHP & 72 o 7= ([li%EH L & 2015
11 A 13 BOT 4 —E /L KON LPG ek 2RI H) .

#Fz 11 ETHRBER

N— b (HE15) PEGem) | EATHRH] | RERHEE PR

Sucat LPG Station 155.9 4h27min Diesel 20.8L. | 923.75 pesos
- LPG 15.8L (Unit Price:

Sta. Cruz Laguna -Diesel
Terminal 26.75PHP/L,
-LPG
23.25PHP/L)

it - JICA FHEMERK

L@ TDDF A « A— 8 —7R—/LRfi] & [DDF Ak « — "—kR—/L4#% ] 1231 58k
AR L EITT A PORERER 1210F LD, ETC TOHEN ARBRITEIN RS
28 2. 111m ' 205 1. 033m ™ ~ L, HEH A Mo 2. 000m* % 2 U 7 L7-, £7-. DDF
{EATD 3. 19km/L 775 4. 26km/L ~KIERBEEN R H1L, SHIDZ —7 v N ThoT-
4. Okm/L Z# 2 7=,

# 12 DDF/LHigOT P74 —< s ADHE

HH DDF 1kl DDF {k#% 22—y b
PEH A3 Bk (Light absorption, m™1) 2.111 1.033 2.000
B2 (km/L) 3.19 4.26 4.00

B JICA F A HIfERL

F7-. FEROFERT —2BHEi-7- 11/25 () IZ DENR IZB W Tk 2 F—% Bl
L7z, BEI—WEE2R 1312587,
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£ 13 EIF—DHEE

Seminar on “Future Project for the Dissemination of Diesel Dual Fuel

AR (DDF) Technology for the Improvement of Urban Environment and
Fuel Efficiency of Public Buses in Metropolitan Manila”

H iHF 20154211 A 25 H 13:30~16:30

FiEE DENR - #RA & th = 7 0 44
F=RE

~ =7 EHE O RKIHGOBUR & EREEHIHIIZ OV T (DENR)
K7av 7 bOEE (JICA FHER)

R DDF At O % JICA FRAH])

DDF ®/3A 1w b7 A MER (HM Transport Inc.)

DDF RADTFEL A ML — 9

PRI

47 (DENR + LTFRB - LTO - DTI - DOST - DOE)
HIGIE (T 41 - 7Y ih)

% g

P ek wp)
RE AN A S

= DENR & X —/L—A

it - JICA FEMERK

BE 3(XDDF "R %&ZE I F—280D DENR £ CTHHIALTE VA ML —3 g U&7
Of:*%%%i‘%ﬂ——\‘ L//Cl/\éo

BEHE 3 DDF RARDTFTEVA ML —V gV

I T DOBMERE S L ThoTe (T4 V424, BAMISL) . £
D 15 4413 DENR 72 & TNZ DENR BEEERERE 5 OB TH D  IRIZE D > T2 2INE 11X
EEONRZHEETHY THDOBNMPH-T-, ILITEEBE (T 417V
) Mmoo MTH-oT-,
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Kokuka survey team, 5
|

JICA, 3 :
Embassy of Japan, 1\\
DOE, 1

DTI, 1,\
LTO, 1,/§

—

LTFRB, 1~ V
Automotive service company, 2/
DOST, 2/
~__ Bus operators, 7
University of the Philippines,% /

Makati City, 4 \7 Quezon City, 5

X 17 &I F—~DOBMEHNER
Hilh s JTCA a4 ERR

/,DENR, 15

TIT BT, 77— hMREBIT o T D, TOMRIL, 3 — 3ITBW
TR 5.,

=~

3—2—2 DDF bt EE T
(1) EHEEM
7 RKR#icis (DENR FRE)

1—3—2 (1) IZFR#HD X 2z, BEVEPET A EHEDSIE (DENR Administrative
Order No. 2015-04) (2 V. FFHLITK L CIE 2016 45 1 A LAKE: EUROIVEEHEIZ . 2008
LI Bk S = i B2 6 U C i EUROITAHY (CO : 0. 5% (by vol.) . HC : 250ppm
BLOVERIRE 2. 0) 1272523, DDFALEEINIZ3 —2 — 1 D 16 1Z-F K 9T,
BIE#OFEHEIZEE LTV D,

A4 15FET7x—X7 k)L—JL (DOTC FRE)

1—3— 2 (2)IZFEHD X 51T, B % 16 FHRR LI ANETTE L e D,
DDF {LEZ IR 12 5%h3 2 IE4ER) 72 Hi] Tlx 72 03 DDF {b 1% O S R E < B L T
< B2, DDFALED AV v R ZIEDT DI IR ERINER 2 & 512 5
FPAME L D,

(2) 8% - t2MEESH

RA\y POERTITHRERUL 2F Lo TRY . BRAEMVICHAENIZLZ T
ANABERFER L 2o T DN, B I T —TORBAASHENLOEREEE TS
A MERLEENTND 720, A MEIREKYD . #EMEZ B D T HLERN
HDHZ L EWR LT, £ T, 2016 41 H OEHTIL, 73A 7> bk DDF /SR D i
bZHDT7D, RIANEDT 1 BBENREROPET ALEEZZE LRND 26%D
REMEHED v NOREEIToT A, v v BV TORKREZED L,

Wl o FIHEHEE T, DDF OFY a— U, Bsdzr DU AIRICHT B EEED
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EHR Ty O~y B S OBEAMEICOWTHET L. DDF {LIEE DK
DDF AL DI & 28l S & BIMTER IR 7o — B 2Dk & X > T <,

F2, 74 ) EALEA~O DDF LD LB L ik, BUfFkERE & osdif, DDF 1k
FA AN D82 O, £ LT, WEEER ORFER - 2 A Y v hORIRIZ X
5T RIRESULDEE B[ L TV,

(3) RE - HEeDESH
7 R ELE

74 U B TIEREEAE (BUF Mﬂ)ﬁ\%ﬁiﬁﬁﬁﬁﬁ%ﬁvaﬁ
D K, 2Ol NE T3 L TEDOMERE F%Jﬂ“é%ﬁﬁﬂ@%wﬂﬁ%%fﬁbkﬁ D
REEARET 22 ANE LT, REHINOFERE - FRAEHE Environmental
Technology Verification (LLF, ETV) #EAL TV, Ziulkvy, 74U ¥
VASBREEEAN A T B AT 456, DOST 25 O FE SEH A BR R SR i

(Industrial Technology Development Institute: LLTF, ITDI)??“?'Elﬁﬁiﬂﬁ‘%) g
# (Application Form) \CLBERIEASOHE O ., ITDI ~EH L., 3 .@E%rx 7‘%,314\
giﬂ&)é FHEEHICIL, HEsE M. RAE#R, ETV BOR O, R4,

ey etz /R é%ﬁﬁ%ﬂ&@%mﬁ%&%naﬁb HIFEEFE LC 8, 500PHP j{ﬂ\ 9, BTV 7

= 7 TLADERT O AZK 18 (TR T,

DDF ALEAIE ETV OFREER R L RO BREHIT CH LW Zeamd &b
BETHY X 18 ITRTHFEEZIT I N E D NIEE & - FEiEFEIZB W TR 5,

BRI ZRO LB IRTOFMELR L =RFEERET D

v

ETV R & w 7R S hi-BifiNBERRAEEREZL, ETVORMIZEHLTLAMHIRT S

¥

BE(ENFHATCE L THE AL SN, FFEFEAMER SN D

v

MO EICE SV TRIERBNERE SIS

¥

SRS & & Bl R L Ea—T %

v

HiiE S L <1k RAAAELRITESND

18 ETV 7n /3 ADOEHKES 7 &R
Hit : ITDI % £ Rk

141 BE - MERE
74 )Tl IN AR N A -
(Philippine National Standards) (Z

MEEBET 27 14 ) B EER
WA LTWD 2 EZiElT 5721,
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ANFEEE F -3 BT A PE S FF AT RE (Import Commodity Clearance: LA
T, ICC) DFEBEZTHMLENHY, 74 VEVENA—=T—1Z7 4 U
ﬁ% (Philippine Standard : LA F, PS) #EFEAZEUGT DM ENH 5, 1CC L VPS
AR DTI CEpEEEY) A FOHEELEME (Bureau of Product Standards : LA
T, BPS) ICLWEFHINTWND

DDFfLFEETHWA L b7 ¢ v MILPG & A7 LD AIZE LT BPS ~D b
TV L2 A, MAIND ICCHA RTA IFELRWZD, PS FRFE~
DOHFERMEEL 2D EOE L2 T, 20D, LLTOFFEE 28 & - FikF
HERFICBWTHE T TETH D, FHEEOFFMICEAL TiL, &4 (DA0) No.4
series 2008 IZ/ED LAV TV 5, PSIRGEIX, BH 3HFEMATHD, Dl Lt
1 RIOFEFRIORNGE /0D, FREXIILLTOEY THD,

1. BPS SR8 A4 DA 245 ET 5,

2. [EIBEAEVEERE (1SO)  9001:2000 [ZHEV\HIEES LD SVEE Y 27 AN
BEIND,

. REERHTA KT A > TRL ORISR DM E N5,

4. TE - WEHBICEES LTZEAIX PSRtz 2t 5, REg & 7o~
SMAUNIZEEL, BE 1 »HBEOBREEZZIT 5,

B ICBIEN Do T 1 b 4 EF TOFE TLOHABREOR 23T 5,
HEEN L AGRICH D EAZ R 14 187,

# 14 PSFREOHBIZINIERER

HH #H (PHP)
1. Application form 300
2. Quality manual review 5,000
3. Audit per Man-Hour 100-500 (depending on asset size)
4. Original license fee 5,000-12,500
5. Annual license fee 2,500-6,250
6. Testing fee ABRE L0 R
i - BPS

35



3—3 HE - HifiO=—X DR
2015 4% 11 H 25 ABAfE (58 3 [0l H OBLMIJEND) D& I F—IB W T, ZIFITKL
T — b DEEOH R LT 2 A, 21 40 6REEEZE-, TONFRITEEA
RRPREF 10 44, /N A4 544, DENR2 44, DOTC2 £, D 2 4 Th -7,

I B

0 5 10 15 20
m Other public sectors (local governmetnts, Univ etc.) = Bus operators = DENR ~ DOTC ®Others

X 19 7y — FEZEHEDONR
it JICA T4 VERk

WKy o FAFFEIEA~DORE A BT 5008 9 IO TIE, 75%LL BN 5 LAl
L7z, TOEALE LT, DDFIL—EADE = X MLV Z < ONAEFEA~DE AN
W SN D FRORKEUGEIZT CHFEFEMEZ T R—F 5L 0 ERLH T,

0 5 10 15 20
m Definitely Yes = Probably Yes = Maybe = Probably No mDefinitely No m Not sure

20 ¥R - EREEE~ORBROMFFE
Hist : JICA A A ERL

W o FIFEETHIEHTAEHNAIZ. “DDF{ED hL—=22" _ “)XZ2® DDF
> BLEO “DDFILEDORA L TF A NL—=u 27 N Hifiiase DDF (L3
WCEANEE -T2,

Training for DDF conversion [ NN NN
converting buses/trucks to DDF | NN 1!
Training for DDF maintenance [ A AN ©
Donating equipment [ NNREINI 5
Steering committee [ NN 2
other [l 1
0 5 10 15

21 R - FHEFETHFTIEBAE
it JICA FHAEFAMERL

DDF AL ZAEE 3 5 7= O HIRF SN D BEORIZIX.  “BURFD S @ DDF AL o fELE” |
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Agenda

Seminar on “Future Project for the Dissemination of Diesel Dual Fuel (DDF)

1. Title Technology for the Improvement of Urban Environment and Fuel Efficiency of
Public Buses in Metropolitan Manila”
2. Date 25" November 2015 (Wednesday)
3. Agenda 13:00 - 13:30 Reception
13:30 - 13:40 1) Welcome Remarks
Mr. Albert Altarejos Magalang, Chief, Climate Change
Division, EMB, DENR
13:40 - 13:50 2) Opening Remarks
Mr. Tetsuya Yamada, Senior Representative, JICA
Philippines office
13:50 - 14:10 3) Status of air quality in Metro Manila and vehicle emission
regulation
Engr. Teresita Peralta, Air Quality Management Section,
EMB-DENR
14:10 - 14:30 4) Outline of expected ODA project
Mr. Masatoshi Nishimoto, Director, Deloitte Touche
Tohmatsu LLC
14:30 - 15:00 5) Introduction of Diesel Dual Fuel (DDF) technology
Mr. Kenichi Sakai, Project Planning Manager, Kokuka
Co,, Ltd.
15:00 - 15:20 Coffee Break
15:20 - 15:35 6) Pilot DDF conversion
Mr. Homer Mercado, Company President of HM
Transport Inc.
15:35 - 15:55 Open Forum
15:55 - 16:00 7) Closing Remarks
Ms. Gigi Merilo, Environment Management System,
EMB-DENR
Mr. Masatoshi Nishimoto, Director, Deloitte Touche
Tohmatsu LLC
16:00 - 16:30 8) Test run in DDF-converted bus, memorial photo and Q&A
Mr. Ken Sakai, Project Planning Manager, Kokuka Co.,
Ltd.
Environmental Management Bureau
4. \enue Air Quality Management Training Center, Conference Room A

DENR Compound, Visayas Avenue, Diliman, Quezon City
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Organization N Name and Surname Position
1 MAGALANG, ALBERT A. Chief, Climate Change Division, EMB
2 PASSE, CARMELITA M. Sr. EMS, EMB
3 MERILO, MA. GERARDAD. | Sr. EMS, EMB
4 FLORES, JENNIFER Sr. EMS, EMB
5 OSORIO, JONAH MICAH EMS, EMB
6 ABAD, ROLANDO JR. EMS, EMB
7 DE GUZMAN, ALDJUMAR EMS, EMB
DENR 8 LLAGAS, DANDITH Administrative Assistant II, EMB
9 IRENE GRACEAYOR EMB
10 | JOEL ROBASA EMB- ASBU, EMB
11 NIEL ALDRIN Y. CARPIO EMB- ASBU, EMB
12 F. BARCELONA EMB- ASBU, EMB
13 | E. GAMBOA EMB- ASBU, EMB
14 | V. LESXITO EMB- ASBU, EMB
15 | TERESITAPERALTA Board Secretary, Pollution Adjudication Board
LTFRB 16 BUENAFE, IAN DOMINIC Senior Transportation Development Officer
LTO 17 CAGUETE, MARIAELIZAYV. | Senior Transportation Development Officer
DTI 18 ESPESO, MELCHOR O. Trade and InQu_stry Development Specialist,
Bureau of Philippine Standards
19 | AGUILAR, MARLON C. Science Research Specialist I, PCIEERD
DOST 20 HABANA, RACHEL R. Senior Science Research Specialist, PCIEERD
DOE 21 IBUNA, ROSELLE L. Sr._S_cie_nce Research Specialist, Energy
Utilization Mgt. Bureau
29 ABAYA, ERNESTO University Exte:\nsion Specialist, National Center
for Transportation Studies
Professor, Dept. of Mechanical Engineering. -
up 23 QUIRGS, DR. EDWIN N. \ehicle Research Testing Laboratory
Professor, Dept. of Mechanical Engineering. -
24 DALISAY, ENGR. DEWITT Vehicle Research Testing Laboratory
25 | JANNETH F. ENGENID
City 26 | JESMIN MALATE
Government of | 27 GLAIZA ESPARRAGO
Quezon 28 | MANIC TORENTINO
29 | EDWIN MADIAM
30 | LORELIE G SANCHEZ
City NABLE, ENGR. RAYMOND
Governmentof | >L | NONNATUS A, OIC-GSD-PRMO
Makati 32 | ANDRES, LAURO OIC, Motor Vehicle
33 CALPO, JORGE M. SR. Transportation Planner, Public Safety Dept.
34 HOMER A MERCADO President, HM Transport Inc.
35 FERDINANDO GERADO I. Safety and security manager, Bicol Isarog
ALO Transport System, Inc., San Juan City
Bus operators 36 | AUSTRIA, JOSEPH Operations Manager, _Nicholas Albert/ ALRO
Bus, Inc., Malabon City
37 TORRES, ROBERTO President, RRCG Bus Transport System

Company, Inc., Cainta, Rizal
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Inspector, Roval Transport Corporation,

38 Renante Ibago Marilao, Bulacan
39 RAMON M. Pascual Liner, Novaliches, Quezon City
40 ROBERT PASCUAS Pascual Liner, Novaliches, Quezon City
President, Philippine Automative Depot, Inc.,
Automotive 41 SY, JOWETT Balintawak, Quezon City
service 42 SY, JOHANN U. Vice Pre‘_5|dent, Philippine Automatlve Depot,
Inc., Balintawak, Quezon City
JEargsﬁssy of 43 | JUNICHIRO SUZUKI Trade and Commercial Attaché
JICA 44 | TETSUYAYAMADA Senior Representative
Philippines 45 YUKI KAWADA Project Formulation Advisor
Office 46 | AMANDA ISABEL BACANI Program Officer
Kokuka Co., 47 KEN SAKAI Project Planning Manager
Ltd. 48 | ATSUSHI INAYA Director
Deloitte Touche 49 | MASATOSHI NISHIMOTO Director
Tohmatsu LLC 50 | HIROSHI FUJIWARA Manager
51 | YUKINORI WATANABE Senior staff
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Questionnaire

We greatly appreciate your participation in our seminar. We hope you find it
valuable to you. We would be thankful if you can take a few minutes to fill out
this form and submit it to us at the end of this seminar.

Q1.

What organization do you belong to? (single answer)

A. Public sector (DENR, and other related organizations)
B. Public sector (DOTC, and other related organizations)
C. Public sector (Other: )
D. Private company ( )
E. Other ( )
Q2. How would you rate the seminar? (single answer)
A. Very satisfied D. Dissatisfied
B. Satisfied E. Very dissatisfied
C. Neutral F. Not sure
Q3. Would you expect this project to proceed to the next phase? (single
answer)
A. Definitely D. Probably not
B. Probably E. Definitely not
C. Maybe F. Not sure
Q4. What kind of activities would you expect in the next phase? (multiple
answers possible)
A. Converting buses/trucks to DDF
B. Training staff and preparing manual for DDF conversion
C. Training staff and preparing manual for engine maintenance
D. Donating equipment ( )
E. Steering committee for relevant stakeholders
F. Other ( )

Q5.

Q6.

Q7.

What kind of incentive policies would it be necessary to promote the
reduction of polluted gas emission with DDF technology? (multiple answers
possible)

A. Recommendation from the government (DDF logo, etc.)

B. Financing and subsidy

C. Tax incentives (vehicle tax, fuel consumption tax, VAT, etc.)

D. Exemption from plate number coding scheme

E. Other ( )

This Q is only for Private company.
Do you consider investing in DDF conversion in the near future?
(single answer)

A. Definitely D. Probably not
B. Probably E. Definitely not
C. Maybe F. Not sure

Please let us know any comments and suggestion that you might have.

Thank you very much for you cooperation.
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Feasibility Survey with the Private Sector
for Utilizing Japanese Technologies
In ODA Projects
“Improvement of Urban Environment and
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Engines”
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Philippines
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1. Concerned Development Issues

According to report “No. 51683 the Philippines: Country Environmental Analysis 20097,
published by the World Bank, urban areas in the Philippines are facing serious air pollution
caused by rapid motorization. In order to address the worsening air pollution in the Philippines,
the Philippines Government has implemented various environmental protection measures such
as the Clean Air Act. The Clean Air Act, enacted in 1999, regulates emissions from individual
vehicles. In addition, under the latest emission related regulation, DENR Administrative Order
No. 2015-04", new vehicles are regulated by Euro IV standards® and vehicles in use that are
registered after 2008 are regulated by Euro Il equivalent standards®. In the Philippines
Development Plan 2011-2016, the government set a target to reduce total suspended particulate
matters by 30% compared to 2009 levels. Moreover, the DOTC Department Order No.
2002-30* requires that buses that exceed their legal useful life of 15 years after their registration
be removed from service.

Pollution has reached harmful levels causing 1.5 million patients to suffer from
respiratory-related ailments every year. According to the National Economic and Development
Authority (NEDA), the emissions from road transportation such as automobiles account for
65% of the air pollution. Hence, controlling emissions from automobiles is one of the most
urgent issues that the Philippines faces.

In the Philippines, many bus operators use second-hand buses with low fuel efficiency that
emits more air pollution such as NOx, SOx, particulate matter (PM), etc. In Metropolitan
Manila, which is home to about 10,000 buses and 1,000 bus operators. Such bus operators are
mostly small businesses that operate around 10 buses and are not well-capitalized to refurbish
their buses to meet the emission standards.

2. Products and Technologies
(1) Features of Products and Technologies

The Diesel Dual Fuel (DDF) conversion technology for bus diesel engines has been
introduced in this Feasibility Study (F/S). DDF conversion is a technology that can
automatically blend Diesel and Liquefied Petroleum Gas (LPG) according to a fuel injection
ratio that utilizes an electronic control fuel injection system. This conversion improves fuel
efficiency by co-injecting these fuels, and as a result, it reduces CO, emissions and harmful
exhaust gases and substances. As shown in Figure 1, diesel engines in conventional buses can
be modified by mounting a LPG cylinder and a gas injection control device.

Enacted by Department of Environment and Natural Resources (DENR) in 2015
2 Euro IV requirements; CO:1.5g/kWh, HC:0.46g/kWh, NOXx:3.5g/kWh, PM:0.02g/kWh
* Euro 111 requirements; CO:2.1g/kWh, HC:0.66g/kWh, NOx:5.0g/kWh, PM:0.10g/kWh
Enacted by Department of Transportation and Communications (DOTC) in 2002
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Figure 1 DDF conversion

As a common practice, replacing a conventional diesel engine with a clean diesel engine
costs four times more than a DDF conversion. The DDF conversion, which improves fuel
efficiency and cleans exhaust gases from automobiles with low investment requirement, can be
one alternative solution, particularly for developing countries facing environmental issues.

Buses with DDF-converted engines will meet not only the Euro 111 standards but also local
emission standards® for in-use heavy duty vehicles.

A comparison of environmental performance and cost among a conventional diesel engine,
DDF-converted engine and clean diesel engine is shown in Table 1. In addition to the DDF
conversion technology, maintenance technology of engine parts and engine recondition that
KOKUKA possesses will also contribute to further improvement of an engine’s performance.

Table 1 Comparison of environmental performance and cost among the three engines

Conventional DDF-converted ] ]
diesel engine engine Clean diesel engine
_ Fuel Diesel Diesel+LPG Diesel
Enr\géﬁi]a?gﬂtal Euro | standards Euro 11 standards Euro IV standards or more
Improvement Standard (for DDF kit + LPG ;
technology comparison) cylinder Engine replacement
Standard (for
Cost comparison) +7,500 USD +33,000 USD

(2) Specification of Products and Technologies

Results of emission tests on DDF-converted engines conducted by KOKUKA are indicated
in Figure 2. Compared to the emission test for a conventional diesel engine based on the Euro |
standards, emission test for a DDF conversion saw a reduction of NOx, CO, total HC and PM
by 40%, 90%, 35% and 70 %, respectively. Therefore, DDF technology improves energy
efficiency by around 15%.

5 DENR Administrative Order No. 2015-04, amended in March 24" 2015
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Figure 2 Emissions test on DDF engines

3. Survey Outline

The F/S was conducted from May 2015 to March 2016 in the Philippines. Activities and
results to prepare for the Official Development Assistance (ODA) project are as follows.
(1) Pilot DDF Conversion

A pilot DDF conversion was conducted for a particular bus owned by one of the private
bus operators. Prior to the DDF conversion, the bus was out of service because it failed to meet
the emission standards based on an emission test performed in August 2015.

A Japanese DDF engineer, supported by trained local mechanics, converted a diesel engine
to a DDF engine according to the process shown in Figure 3. At the beginning, they overhauled
the diesel engine. After attaching one electronic throttle and one sensor to the overhauled engine,
the engine and two LPG cylinders were mounted on the bus. A DDF kit (i.e., one engine control
unit, one gas injection control device, etc.) was attached to the engine for DDF conversion. At
the end, mapping and adjusting the DDF-converted bus were conducted to optimize engine
performance and to reduce emission gases.

1. Overhauling diesel engine from the 2. Attaching electronic throttle and TDC 3. Mounting the overhauled engine on
bus : sensor to the overhauled engine : the bus

Figure 3 DDF conversion procedures

Results from the pilot DDF conversion showed that the light absorption coefficient
decreased from 2.111m™ to 1.033m™, which is below the gas emissions standard (2.000m™). In



the test-run, fuel efficiency increased from 3.19 km/L to 4.26 km/L (Table 3). The payback
period for the DDF conversion is around two years, which means that DDF conversion can be
an affordable and alternative solution for bus operators.

Table 3 Engine performance before and after DDF conversion

Emissions test (Light absorption, m™) Fuel efficiency (km/L)
Before DDF conversion 2111 3.19
After DDF conversion 1.033 4.26
Target <2.000 > 4.00
(2) Seminar

A seminar on “Future Project for the Dissemination of DDF Conversion Technology for
the Improvement of Urban Environment and Fuel Efficiency of Public Buses in Metropolitan
Manila” was co-hosted by DENR and KOKUKA on November 25" 2015. Major topics
included air quality status in Metro Manila, expected ODA project, introduction of DDF
conversion technology and results of the pilot DDF conversion. 51 participants attended the
seminar (42 from the Philippines, 4 from Japan and Seminar organizers 5). At the end of the
seminar, a survey questionnaire was conducted and answers were obtained from 21 participants.
The results are shown below.

More than 75% of respondents expect that this project will proceed to the next phase
(verification survey).
For the next phase, most of the respondents highly requested a “Training for DDF
conversion”, “Converting buses and trucks to DDF” and “Training for DDF maintenance”.
Respondents were interested in major incentives: “Recommendation from the government”,
“Tax incentives”, and “Financing and Subsidy”. During the open discussion, one of the
participants (a bus operator) commented on the phase-out rule of 15 years from the
registration year that a two year extension be granted as an incentive to promote DDF
conversion. The Land Transportation Franchising and Regulatory Board (LTFRB)
responded that they are open to the idea of a two year extension for DDF-converted buses
as applied on LPG taxis but further discussion with the DOTC is necessary.

Six out of eight bus operators had a positive impression of converting their buses to DDF

engines. Also, three out of the six bus operators answered that they have a “high interest”

in DDF conversion.

4. Proposed ODA Projects and Expected Impacts
(1) Proposed ODA Projects
a) Title
After the completion of the F/S, the following phase of the ODA project, ‘Verification
survey with the private sector for disseminating Japanese technologies for improvement of
energy efficiency and mitigation of air pollution in the public transportation in Metropolitan



Manila’, is expected to be implemented.
b) Purpose of the ODA Project
The purpose of the ODA project is to improve air quality and fuel efficiency in the
transportation sector by converting conventional diesel engines to DDF-converted engines for
public buses.
c) Counterpart (C/P) Candidate
The C/P candidate in this ODA project is City Government of Makati in Metropolitan
Manila.
d) Outline of the ODA project
Outline of the ODA project is indicated in Figure 3. The overall goal is to ‘Improve air
quality and fuel efficiency in public buses for Metropolitan Manila by encouraging the use of
DDF conversion technology. The project in the verification survey is aimed to confirm the
validity of DDF conversion technology for public buses and to establish sustainable DDF
conversion based on three main activities: further improving the performance of DDF,
developing capacity and disseminating the use of DDF technology.

Purpose of the ODA project:

Confirming the validity of DDF conversion for pubic buses and establishing sustainable DDF conversion

Gupin

1-1 Convert heavy duty vehicles to DDF

Output 1:
DDF conversion will improve fuel
efficiency, exhaust gas and air quality

1-2 Test environmental performance and fuel efficiency of DDF
converted buses

1-3 Optimize of DDF conversion service

2-1 Train staff for DDF conversion and engine maintenance

Output 2:
Transfer of DDF conversion technology ~ 2-2 Prepare manual for DDF conversion
to local staff
2-3 Prepare manual for DDF engine maintenance
3-1 Hold steering committees to explain project concept and progress as
Output 3: well as to prepare roadmap
The effect of DDF on public buses will 3-2 Hold DDF seminars for private bus operators

be well-known
3-3 Investigate incentive policies for promotion of DDF conversion

Figure 3 Outline of the ODA project

e) Overview of all relevant stakeholders
Relationships of relevant stakeholders (i.e., C/P candidate, supervisory organizations, bus
association and others) are described in Figure 4.
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* Japan International Cooperation Agency (JICA)

2 Land Transportation Franchising and Regulatory Board (LTFRB)

3 Land Transportation Office (LTO)

4 Environmental Management Bureau (EMB)

5 Metropolitan Manila Development Authority (MMDA)

6 University of Philippines — National Center for Transportation Studies (UP-NCTS)

Figure 4 Relationships of relevant stakeholders

(2) Expected Impacts

Expected impacts for public buses in Metropolitan Manila are the improvement of fuel
efficiency, reduction of emissions such as PM and CO,. Based on KOKUKA’s estimation, if
1,000 buses in Metropolitan Manila are converted to DDF engines, the impact would be as
follows:

- annual cost reduction of fuel is around 5.5 million USD,

- annual CO, emissions reduction is 32,100 tons.

These numbers will be recalculated based on updated information obtained from the
verification survey.



Type(Project Formulation Survey)
[ Philippines ]Feasibility Survey for Improvement of Urban Environment and Fuel Efficiency by

Converting Public Bus Engines to Diesel Dual Fuel(DDF)Engines

Name of SME : KOKUKA Co, Itd.

Location of SME : Nagoya, Japan

Survey Site: Manila Metropolitan area, Philippines <
Counterpart Organization: DOTC (Department of Transportation and o
Communication) etc. - TFE 1

Concerned Development Issues Products and Technologies of SMEs
'(

(> Traffic congestion and air pollution due to ) )
population growth and economic development in » Conversion of public bus diesel engines to Diesel
the Manila metropolitan area Dual Fuel(DDF) engines
v 0ld public buses fail to meet exhaust emission » Maintenance services for engines or other auto
regulation and parts
\_V arelow fuel-efficient ‘i W,

Proposed ODA Projects and Expected Impact
( )

» Reduction of exhaust emissions (NOx, PM, GHG), 15% improvement of fuel efficiency and improvement of urban
environment by converting 10,000 public bus diesel engines in Manila metropolitan to DDF engines

» Reduction of initial investment and industrial waste by reusing the same engines

» Capacity development of local engineers by cooperating with local partners for DDF conversion techniques

\_
Future Business Development of SMEs +

\
[ » Market expansion in the Philippines by converting public bus diesel engines to DDF engines

J

» Improvement of maintenance services and development of business network by cooperating with local partners

J
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