e

o e

RS .

CONTENTS |

CONTENTS

Preface to the English EdItIOn ...ccccccimreeiiiiiricniiriiiniiiiininieieeeernosieseennnsesessnnseessssnsoesssrssnsssasssseses i
PLEfACE ueerriniiiiieiiciiiiireittiettiinieiitt et eeesetsatstastaestaesteestacstassacsnsarosasstassansseasssnsssasssnrerassensns ii
DME handbook editorial board and contribUtoOTrs .......ccccoeirermmreiierernnacreeneneereeeenceeeeeennsecenses iii
CONTEIES 7555555 0+ 575 05575 0 0 77507555 + 705 0 5704 5752 « 7555 4 S0 - 50020 T e s TS0+ T2 0 $55 0 557 - FTEE T2 0 0 T8 0 s 5% s w0 T oa Toans Touaa Mo nansnaas vi

1.1
1.2

1.3

1.4

2.1
2.2

Meaning of DME introduction 1

WHRHAL 18 DIME? ....oiiiiiiiiiiiiiiiiiniietitiiciioiisesisiisessrusesssesiesieesesssnsssssssessssesssasssssssessasasasonss 2
Future of energy and environmental trend and DME’S role .......ccoccevvireunicrencrencncns 4
1.2.1 INtroduCtion ....cccceviiriimnniiirrnniiiiinieeiicnierceiretneesicernreacernmessesenserasssnsensees 4
1.2.2 | D} (T2 a2 W ) (Lo PN 4
1.2.3 Environmental trend .....c...ccceciriuniiirniiinniiiriiieiiiiceiieriiisiierisessisssessrees 7
1.2.4 Environmental characteristics of DME ........ccccccoivvreivirreniiiiinnnniiennnnes 12
1.2.5 Availability of stranded reSOUrcCes .....ccivcvvererreemnrirrerresiirirmaiinieneneerenes 13
1.2.6 Availability of DIOIMASS .....cciveecriiiiiiiiiiiiiiiiieiisiieiiieissirisiinrsiesssseescssssss 14
Perspectives of DME penetration ......c.peceiiiuiiinniiiniiiiiimmiiciieeiecenmsrcemeiseesissenssersoes 15
1.3.1 INEROATLCEION 5. 57754775 01 5550555 455550 5754 F575 435750 755 4 557560 555 0 555 0.0 535 o TSTH 0 7678 o ST TTT 0 15
1.3.2 Penetration scenario in Japan .......c..ccccevieeireiiriiieinieiiennieniieineiineneee, 15
1.3.3 Penetration scenario in Asia .....c.cceveviieriruiiiiineeniiirrennnireencienenisieeen. 19
Current status of technologies and challenges to DME introduction .................. 20
14.1 Characteristics of DME as fuel .....coceuviiirimeniiirrienniiiireniiiieeinuinenanne 20
1.4.2 Current status of technological developments in production, distribution

ANd UETHZATION ..ocvveeirirnirnnnirierncciiniieiiiietsiiininissicrriiiteiieeseiesesans 21
1.4.3 Construction of DME fuel chain .....cccoccoirrrmeiiirinniiiinnnniienneniniisneeenne 24
144 Establishment of fuel standard for DME ........cccccocciiieiiiiimeiirnencrenncnnes 25
1.4.5 Social enlightening activity to introduce DME ..........ccccooviiirrnireennnna. 25
1.4.6 Challenges for the fUtUre ......cc.ccocvvirmiiriiinriiniiiciiiineieeens 26

31
INETOAUCTION ceuvverrnrenrierrrrerreirnirerreereecssasarensosssenssscenesassessesssssssesensasrassassassssssssssssrssnasas 32
Physical Properties ...cccccciiiiiiirencisiniismecsncisesssssirissessssersasssssssssssssssssssssssresasssssassesss 33
2.2.1 Molecular and structural formula ........ccocceeeienceecrecrnreenriorecerennesscssssens 33
2.2.2 Boiling and melting point ......c.covvvrireciiiieienniierenincrnninenn.. 33

2.2.3 Critical POINT ....vvvvrrriviiiiiiiiiiiriiiiirieticetriiire st sstaecseseanens 36




2.3

24

3.1
3.2

3.3

4.1

2.2.4 Permittivity and electric cONduCtivities ........ccceenvvvennieninieninnsneniennns 36
2.2.5 DENSITY oeeeeeiiieiiiiiiiiiiiieiniisiiiieimessisecsstsssessssssssssessssassossssssasssssssassessssesses 38
2.2.6 Bulk modulus of elastiCity ..c...ccvcrerrermmnniiiiennisieiiremncicrrsnusiiiseneesnsereensass 40
2.2.7 VASCOSIEY «.5v5. 05500 5552 5555 0 55750 55050 « S5+ 555 + - 552 + 555 3555+ 5555 55530 455 4 553 + 5355 0 3555 355 0 0 555 00 555 41
2.2.8 SUrface tenSION ...cvceriirermrnecreirieenireieiiiieitiiiiierieniieiessatinestsssssseseasanns 42
Phase eqUIlIDIITIN ..coveeviniiireniiiiieeiiiniieemmerionisscisrnsssssssersmsessssssssssessessassssesssssssssssnnsses 43
23.1 INErOAUCTION ..ccviviiiiiiiiiiiiiiiiiciiiniiiiesitnicttesisrsasessteasttesesetssecssssesessossasonse 43
2.3.2 Equation Of StATE ....cccvccciiiiiiiuisirmmccrnniiiiuscisoississosstseetsasserasescsnsssrsssrenss 43
2.3.3 VADOY PIrESSUTE c..uceunereuiiiiirsicisrsosrssosrsssssstasossasssstssserssssassssersassssssassssssssses 46
2.3.4 The P-V-T relationsShip ...cccccceeceinicrnnininiiiiniiiiiiiiintiiieicnierieroseeseeees 48
2.3.5 Solubility in water and clathlate hydrate of DME ...............cccoveevvnnnne. 49
2.3.6 Vapor-liquid equilibritm .....ccccoeeeermnniiiireeniiiiinieniiineeeniienine. 51
Thermal Properties ....cccviciriieiineiieciienciieiiiierssasssiriastesstassrnsssniosssssrsessasesssesssssnscsss 57
24.1 Thermal capacity and specific heat ........ccocovirvvvnriirvrinniirnineiinnennnnanes 57
2.4.2 Latent heat of evaporation and latent heat of fusion ...............cc....... 59
243 Enthalpies of formation and Gibbs’ free energy.....ccccccoverrvueennerinnnnenns 60
2.4.4 Thermal conductivity .......... o S5 4 T + TS + TSR SEEE ~ SEE < SRS 55+ SEE 585+ s e s 055E o= S e e i 60

D, Combustion and reforming characteristics of DME 65

INELOAUCTION ....iiivreiiiiiennrocriereusocrsmessmsesssesessssssiessssssssesarassessesssssessssensessssssssnsssasassseses 66
Combustion 0f DME .........cccoiiiiircrinniiiscsiienmeniiiiciinieesenisasssomiestsensessssssssssesessesssssassens 68
3.2.1 Combustion characteristiCs.......cccvvvnniiiiiiirerrirmnnniecssiinieninennineeiieenen 68
3.2.2 IZIUTIOIL cevvennrenreeraronenranususieisisesssonssnssneresssieentarsnsnsssessecstssensnussansasesanssnens 73
3.2.3 Combustion reaction SCheme .........ccevvvieenriiireiietnriirnninineennneineenecneen. 76
3.2.4 Flame propagation and flammability imit ......ccccevveerievrieeriniiciiicinnennnn. 81
3.2.5 PremiXed flAME ...ccccvveeceriiiiiiinccinniisiiiiiesciemeciereecinsestennsssnsessesssessasssesens 88
3.2.6 Diffusion FIAIME ....c.ceeccieriiiiesnaiimssiiieninireericesasisisesssessrsersanssssssssissescassesse 93
3.2.7 Spray and ignition characterisStics .........covvviiiimmmeriisieireninennneennniniennenne 96
Reforming of DME ......c.iiiiiiiiiiieniiniiiimecninieeisietniisoiesstaneeererssisetsensissstssensassananessases 104
3.3.1 Steam IrefOrTNING ..cccucieereerrecerisetnssstsssocriessessosstnssasussssssssersssessssssrsscses 104
3.3.2 Partial oXidation .....ccceieiiiiremmeeniiiiineiiimuioiininierermseemmiee 107

w4 DME production technologies 113
INETOAUCTION cveverrnieinienrieereerrecenccaessnssssssssomsssosscasssenssssstssssesssssesssessesssnensesnsessassnsse 114
4.1.1 Basics of DME SYNtRESIS .....ccccivveiiiiiiinnciiiniimmeniiiiiiiieeieen. 114
4.1.2 Development trends in indirect synthesis technology ........cc............ 116

4.1.3 Development trends in direct synthesis technology .........c.............. 116




R R R

Contents B
: 414 Movement towards commercial DME production.......cc.ccceeveeceencennene 118
{' 4.1.5 DME production from various raw materials .......cccoeevevrerieneerennernnees 119
Synthesis gas production teChNOIOZY .....cccccvriiiiirnernmicsisiiiennieiiusiressssiresrtoeresaesssares 120
1.2.1 OULLIDIE «11eeeeeeeveseesesesssessessssseeeseseeeeesssesssessessssessssssssssssssssssssssssssssssessssees 120
4.2.2 Synthesis gas production from natural gas ........ccccceevvererrereerenvrennnnnes 121
4.2.3 Synthesis gas production from coal........cccccuniiiiiiieiieiinnnnenniiisicerennne. 131
. 4.2.4 Synthesis gas production from coke oven gas .....ccoccoeviviiieiirinencennenes 135
g 4.2.5 Synthesis gas production from biomass ......c.cccveeivrrmerccirnrnecsssrieannnns 137
@ 4.2.6 Synthesis gas production from waste plastic......cccociviveiieninienciisnncnnas 143
3 4.3 DME Synthesis reacCtion coicccicirrrecrsermrsensirsimsecienresuiiieessesessarsssssssssssssoscsnssssossansesans 149
3 4.3.1 Reaction and CALALYSt .....cvceceereererivcemceeseusesisesissssnssesesenssssessascnsasasasaes 149
f 4.3.2 ReaCtOr TYPES ieuiiveiiieirnniieiiimommncinniioeiieisiiisttcerscesesosssssasssasesasrossssssssanse 153
f 4.3.3 Development history of DME synthesis process.....cccocvvcvvereevenancennes 154
‘3;\ 4.4 Direct synthesis teChNOlOBY ...cc.cveiiiiiiiiiriimtminiiiiiiiiirireieetatnieosieseeerietrernsssssseecens 161
ﬁ 4.4.1 JFE DrOCESS .ceuecereniiiceiiereccocrsosssssssrssssssasssssssssesssssssratnsssssesssssosesssassssan 161
2 4.4.2 AIY PrOAUCES PrOCESS cciiviirrerrmresieiseiirerssassnssasseissessaterssasasessesssessasasassass 167
: 45  INAirect Synthesis tECIOLOZY weeuuuusuummmsemmmmsmmssssssssssssssssssssssssssssssssssssesssssesssesesees 171
. 4.5.1 MGC PLOCESS .ecrrevrrevnesssesssisessreinsssisisssersesessstssasassssassssssssanenansssesssssssscsss 171
4.5.2 TEC PIOCESS cecvriierrmesirersassssssrressrssssssasessetsrsssssassassssssstssosssossessssssossssssens 175
| 4.5.3 LUTEi PIOCESS wuvvvrerennencemniieiiiiieieiereonesraersesseasasssssassssssssssssssssssssrsnsssssssses 181
:: 454 TOPSHE PrOCESS ccovuveennerrirererineetieetneeenenimrieiietsesiessisossossssssssssssssssssssssssens 185
1 195
I 5.1 TN L OAULCEIOI «ovnenreenreereeensesessecssssssssssssesssasssssssasanassssensssssssssossnssonsssssssanssosnosresssaresnsne 196
5.1.1 OULIITIC <.vveeneeeervrereeesrseesreessesssresssnsnssesssesssnssssssssssostssstossssssssessansssssssnnnsss 196
: 5.1.2 Properties 0f DME ......cooierineiiiiinnninniieiiissinneiiesssisnemnisiiessssssanses 196
i 5.1.3 ApPPLicAtions Of DME ......ccccvurceviereiriresnisisnssesssssnssssnssssnssasssnscssssssscans 197
El 514 Feature as fUel ......ccceeeeerecrerisoeiiiieenriinsiiioosereetnsesnanenssosssssssssssssssassonsnes 198
! 5.1.5 Feature as chemical feedStOCKS .icciiriiermrerrnecaneisniiiniieiinciieceenececann 198
E( 5.1.6 Feature of other applications ......c.cceeeviieeiimenieriranineeeisaicisiieeanicenenice 199
]I 5.2 Power generation and industrial application ......c.coeevereiiiiinininnnniiiiiinnnneciiniie 201
| 5.2.1 OUtline ....c..ceerenee. e sseneseresaseaeeraasasasaasarassedene oA RRSS RS SRS TR s R e 053 201
[ 5.2.2 Spray combustion in gas turbines ......ccccccccmverreeirereiriieiiiiiieniin, 203
5.2.3 High efficiency combustion system for fuel grade DME .................. 207
5.2.4 Low NOx combustor for a gas turbine burning DME ............c.cccc.c... 211
5.2.5 Retrofit application for existing boilers .......ccccciiiiiiiinniiiiiiiniienenannne 215
5.2.6 DME-fueled chemically recuperated gas turbine system ................. 220
5.2.7 Small-scale distributed power generation system .......cccceeesciecenneee. 226




5.3

54

5.5

5.6

5.2.8 DME conversion of industrial heavy o0il boiler ..........ooovveeeeeeeveveeinnns 229
5.2.9 Diesel power generation SYStemMl .........c.ceveerreeerrereeesseeeesesssesssessesssnnns 232
5.2.10 Diesel Engine Co-generation ........cccueeieevueerierseneereessseesesssnssssssnessosn 235
5.2.11 MicCro gas tUIDINE ..cciivieirieeeeeerieiirnniieetieieesseeeeseeesesssresssesssssmneesssssas 238
VEIECLE USE ....ceereireriiiniiiiiiscccttineeeeecteeeeeesaeessessaeessesssssssesensessnsssnsssnnesssossnssone 242
5.3.1 Outline of development for vehicle technology ........cccccceeeeeeveeeeennnns 242
5.3.2 DME combustion in diesel engines ...........eeeeveeirvrnnneeeessrenesnsneeressessons 248
5.3.3 DME combustion in HCCI €NZINE ....ccccoveereeevvummeermereeereeeeeeeseeresssesssssss 259
5.3.4 DME fuel SUPPLY SYSEEIN c.uuueciireerienineiiiiisirereereresessssssonsessesssressessssssssnns 262
5.3.5 After-treatment of DME combustion exhaust gas (Oxidation catalyst

and DeNOX CAtalySt) .iiiieieciiiiierieeerrrerserersssssssssssenssssosesssssssssnoseessessesses 272
5.3.6 Medium sized bus and truck ........cccceeevieercvrneeerssieeeessseeessssnneeessseesecsnss 276
5.3.7 Public road tests of @ 2 ton DME truck ........cccceeeeerrrrvneeereesrensneeeeenenss 282
5.3.8 Hybrid bus with DME eNZINE...cccccevrierriirrrirreeisssssssssssssesssssessssseseonennes 287
5.3.9 DME vehicle with distributor type injection pump .....c.cceeveeereerveenen. 291
5.3.10 Fleet test of medium duty DME truck .....cccoveveeememneunnisseeeereeerononnnnnens 295
5.3.11 Heavy duty DME trucK .c..coiiviiiiiiiiireerrensnrersrensressensesssssssssesressssssesssessens 302
5.3.12 Technical standards for DME vehicles .....c.cccccrvveeeeeereeeneneeeeeenreeneennns 307
5.3.13 DME blended fuels .........eeeeeiiiiiiisiininiieicsninnnniniiineciimiseeesesnsnssessens 310
5.3.14 DME Fueled shuttle bus demonstration project at the Pennsylvania State

UREVETSITY .orierriiiiiiiniiiniiiiissieisnnintrieserieiareereeenssssesesseressssesansesssssasssossnn 314
5.3.15 DME research at the technical university of Denmark. ................... 316
5.3.16 Development of a Production Feasible DME Common Rail Fuel Injection

SYSTOIM ceerriieriiiiiiiiiiiiiiiiiiiiieeisossosessosssiensaassassssssassrassassssssssossessrssssensasssnas 318
HOUSEROLA USE ..ouvviiiiiiiiiienneenteiciiinittitiesnensennesreereeeesseesserersestenreerrersesssesssessssssnes 322
5.4.1 OULHNE ..ooiirnriirrecniiitireeiiicssissiensseresssssessessassssosssssssssansnessassnsssnnes 322
5.4.2 Supply-demand situation of LPG ......ccccccveeirieninmmennrieecserineennnnsanesennens 323
5.4.3 DME as LPG fuel supplement ........ccceuceeieeceennceeeerceenneereereernscernescesssons 324
5.4.4 Combustion test of household gas apparatus .........ceeeeeereeeenveneerrenenn. 325
5.4.5 CONCIUSION ceuveriiiiiiniiiiiieiitiuecisnrieiiassississsssssesnssnnarassasssassarassnnnsssasssossans 328
Chemical fEEASTOCK ........ciiiiiiiiiiiitiiiiiiieiiinriitrnciieietrsrsersnnaressessssesesarensesessesssssssenses 328
5.5.1 Chemicals (lower olefins) manufacturing ......ccccceeeeeeneecerireeeneeenensenes 328
5.5.2 Town gas MANUFACLUTING ....ciiviiireciiareintiieniieiiiiinenisereserenseresesssssossssne 336
FUel Cell ...oviiriirriiiiiiiiiiiiiiiniinicnsiisiiinsisissseetsessisssssssecsessssssssessoossonsmsnsssnansasssssssnsanss 339
5.6.1 OUEIIINE oo srsessssen s sassssoessses sssrssssssssssse ssosssse ssss 5T+ TS 550 iF5 00 555 0 0555 0 TTTH4 T 43 339
5.6.2 Polymer electrolyte fuel cell ......cccccciiiicimenncccinnnniennenniiereensnieeeesenseenas 340
5.6.3 Compact and highly-effective fuel cell ......ccvviiiiiiiiviiinvnnnneeenreressrennene 344
5.64 Phosphoric-acid fuel cell .......uueireeniiiiiiiicciirieerveneerereeserrevesnessessoes 347
5.6.5 Direct dimethyl ether fuel cell .....cccouurviiiiiciciniernenneireeenreeeieesenceerennes 350

o memar e e




RN

R

AR

SR

St

TR 3.0

5.7

6.1
6.2

6.3

6.4

6.5

6.6

6.7

Contents B
ProPellant .......ciiiiiiiiiiiiiiiiiiiioiinninmeeneerecssseseesereeeeesssessessreesessssssssssssesssessssssssssnsessens 357
5.7.1 Current state of DME .......ccciiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiseemeenieeeesessesssssnes 357
5.7.2 AErOSOl PrOAUICE.......ccvvreeiirrecrnererrriierrereenrereeraesssssssresssesssesssssesssssessasssens 357
5.7.3 DME use in the aerosol iNdUSLIY .......ccccveveeereeineereereeeniceerenieensorensoeees 358
5.7.4 DME use of the aerosol manufacturers .......ccccccevresisoerriiereneenneerssennens 359

6 DME distribution and technologies 367

IEROATICEION .55 4055750 75540555 0 65750 0 55510575 45554 7575 75554 555 0 555 00 575 00 555 7577 o 755 0 9550 5357 550 .0 57510 S5TF 555 368
Storage FACIHITELS cuuueeiiiieuiiiirimeciiiniieiiiretseeiieimrsscostnrssessssssnsssssssesesssssssassssessassessensses 370
6.2.1 Cryogenic StOTAZE ...ccccirervecionirrresesrrosssieetresieeiserssatsessssssorsssssssrssseasas 370
6.2.2 Incidental equipment for cryogenic storage facilities ..........cccecuueen. 371
6.2.3 High PresSsure STOTAZE c.ueeieiirerereereisuccrerensiserertieseretnseisestssasersarsnsessssns 371
6.2.4 Spherical storage tank .....ccceiieeeemereiiieriiiiorienniirisniesicetsinninessennssesssacnes 372
6.2.5 Cylindrical storage tank .......ccccceivecervuniciieinunciinniinniicinenneecerensiscinann 374
Storage terminal .......ccccoiiriereeiiiertmeiieieiiieieiieinntneeineitniietenassectninsessiterssssstseasssssasens 375
6.3.1 IMPOrt terminal .......c.eecreririieiieiiiieiinioiicissiesseerernasnsesiossrensarenasasassssssssss 375
6.3.2 Secondary terminal ......ccccvceiererinrecsirimeniiienieniiieteineeineeisensetsnsosssaossss 379
TranSPOTTATION .uecceieiiiiieimiiiiiiiiieninitemineesisieseesesraseenmmmsisessssssissesssiesssssssersessssanasssssenes 380
6.4.1 OULIIIE oevveeeeeiieerieerearenrncnceissossssasesresssssssosssssoreensanssnssnsasssnsnnossasassssssssss 380
6.4.2 Marine tranSpOrtaAtioN ...ccoceerereenieeieresisinseusecerenariscttssossonsorsosssssresssoses 381
6.4.3 Land transSpOrtation ....coveereirierrriinuciocsirerierteannsessssosestseensmmesssssssssosssans 385
Container and fIllINE .....c.ccvrremmrerseiiiiniiieerartommiessoneereimremasnessssssasssestsesassssessssossasaanee 393
6.5.1 CONTAIIET ....ivverecereennireietesssssossisrensesseasssissmessssossasssssssssssessosssassssssasnsses 393
6.5.2 Filling facilities for DME tank ......ccccoveveiiimmemnnncnnnisiiiiiiiiiie. 394
6.5.3 Filling station for DME vehicle .......coovviricniininicciccisicnvnnenennieienenennannaa 395
Other eQUEIPIIEIILS ....ccoiiiiriiiirrinererreiisssiisseassesssssssensesssssssssersastiessssssssrastessssssanananes 398
6.6.1 LOAAINE ATTI ..eeveerrerenncrccressosssrismserssssssssssoresssennasarssssssssstssssssnssassssssscanes 398
6.6.2 PUINP .evevvveeeeieeceesrnssssessessssssastasssssssssnsssassessssssssnssasssssssssssnsessasssssssnsasnane 398
6.6.3 COIMPTESSOT «.uveerrriirresssssssrrsesssssssssssrasnsesssssssssansssssesssssssnssstssssssssssnansanans 399
6.6.4 FLOW IN@TET «.uueireererenrnrararnserssssossesseeessssssssssssessesnensaraasssssassssssessnsnssassssens 399
6.6.5 Liquid-level INELEr .uveueiiisiiiiirireiiiienmoniiisssenniiesmesieiiisiniieetermmasisssssssaes 400
6.6.6 VAPOTIZET .c.oeeiriiiranuneiiiiinicininieiesmsienasosisssasnesranssasessssssssseststnssssssssssssnsnnse 400
S@AL IMALETIALS vvvuvrerrenereeeernnenccersaesaonsirrssesssstesnsssssssnsssasestssssssstssarssssonsssssstssssssarassassane 401
6.7.1 Classification of seal material ........cccceeviieririerecnerienciioninnccinanseeneen. 401
6.7.2 Seal material used in LPG facilities ......ccoceiiieeirennieniiinciicninnnecnnenne 402
6.7.3 Screening eXperiment .....coocceeeiereemeeeimerrecimmemiiniiieiiiieesssssenne 403
6.74 Evaluation of rubber O-Ting ....ccccceeirriiiininicrreneiieorecranacnusssisassersossonsss 408
6.7.5 Verification of seal materials with DME equipment.........ccccceevveneen. 413

6.7.6 SUINIMATY «eveveveeesrrnrenersssasssscssesssssssssessssansssssssasssessassassssassssssssasssesssnassos 413




7.1
7.2

7.3

7.4

7.5

8.3

7 Safety issues 415
INEPOAUCEION oottt sssse s s s s oo 416
STADIILY «cvvvvvveieserittiesii sttt ssasss e eeeessssess s 417
7.2.1 Long term Stability ..........ccueuiveceecererernrenssecesensseeessss e 417
7.2.2 Incompatibility Razard...........cccveeesreerveeresieeenesneessoees e 422
7.2.3 Influence of metal material .........cowurvuerervneesvrsessensosessoeoosoooooo 423
7.2.4 HYATALES cucovviveeeitetteccsente e 424
Fires and exXplosion.........ccurunirueceesernnsnesesecesseeeessscesssess s oo osesen 425
7.3.1 DIfUSION .ottt ettt sts s e 425
7.3.2 The PoOl fire eXPeriment .........eeuevereeveeeeeeevrnesessseseeessoeoessessseoenn. 427
7.3.3 Safety at time of eXternal fire .............coeeeeeeeveeueeeremseesoeeoooosenn, 430
7.3.4 EXPlOSION POWET ...ttt 431
7.3.5 EXPplosion CRATaCteriStics ......ocoveverrererruirenccenenseeeesesesessessssseesesssseo 433
SALELY vttt ettt e e 443
7.4.1 RiSK QSSESSIMENL .....cveireieniererenteeteece e eeeees oo 443
7.4.2 Leakage detection teChNOLOZY ........ccucverievenmereeneereseesseseesesessesmssesann. 444
7.4.3 EXamination of 0dOTant .........cccceeeeeeeieeecetreeeeeeereresssesesssssssses oo 444
7.4.4 Examination of fire extinction teChNOlOgY ....cvvvereevveeeeiecrerreerennnanens 445
Influence on Living OrganiSIMS .......coeeeeeeeerrernenteneeeeeeneeeesessssssessessesss st sesees s 447
7.5.1 Influence on animalS ..........ccovevuevrerecrerereneneeeeesreseeressessesesssssesessens 447
7.5.2 Influence on the human body 449

8.2.1 Photochemistry reaction when DME is emitted to the atmosphere ........ 455
8.2.2 Influence of DME spill on soil environment ...........coeeueervuereenenn.... 458
8.2.3 DME combustion exhaust gas characteristics ........ccceeeveermveerumvennnnn. 461
Global environmental iNfIUEINCE ........cccuevveereeereerivenseerisiereeereeernesesssesssessessessnssnns 464
8.3.1 OULLIE ..ottt rrecseeeseesrnesteesaesaeesasssbesssossssnsssnssseensennnsssns 464
8.3.2 Outline of environmental impact assessment of DME

(technique and idea) .......cceeeeeeerereeiriieerireessseresecsseesssesssssesssssssssnssssnn 465
8.3.3 Case study of LCI (life cycle inventory) analysis .........cc..coveevuennn. 469
8.34 Case study of the overall evaluation of environmental impact using LIME

(Life cycle Impact assessment Method based on Endpoint modeling)




AR T

T

e R o e

B L= R R e e T—

T et

=TTt

o e R

TR T

9.3

9.4

10.1
10.2

10.3

104

11.1
11.2

Contents B

© ‘ Economics and Markets 479
INEPOAUCTION «ccuereiiiiiiiriiiciiitiecintrnctettrcesnereessrareeeesssaseessssssssesssssreesessassssessssnesessns 480
ProduilCtion COST ....irrriireiiiiiiiiiiiiiiiniiiisiisesiesssssessssnnnssessasssesssssssssssssssasssssssssssnsssnesnnne 482
9.2.1 Conditions of DME production cost eStimation .......ccccceuvueeeeeereennnn. 482
9.2.2 DME production cost estimation results for each feedstock .......... 487
9.2.3 Price comparison with other fuels ........ccccceceeerineereennnrecrisvneeneessesnnns 491
LOGISTICS COSL auurrrnniiiiiniiiiiriiniiittinrecterenneeerreneesersteeseserssssersnnssssssrsssssssssssessssssnsensese 496
9.3.1 Marine tranSPOrtaATION ....cccveeeeuenerirerenrerernuenierireeeeeessessessssesssersenssnssasss 496
9.3.2 IMPOXt tErININALS ..covveeeenirriiiriireereeerreerieeereecsssenesssnsessssssesssesnsssnsssnssrnns 499
9.3.3 Domestic CIrculation ........ccecciiiiiiiiiiiiiiiiiiiiiiiiiiiireeeeeeneeenenn 501
MATFKEL i3 c555: 55554 57555575 00 755+ T55T0575 05075 5575 2 57554 5550 575 $ 5575 04 5554 7575 59750 57550 7550 575 0 505 00 550 4 T5TH 0.4 575 070 504
94.1 1011 £ (L 504
9.4.2 Market in JAPAI ccccccvriieeiiiirneiianeinerieecroscrcssaccsnessesssssassssnssssnsrasssasssans 506
94.3 VT E: 1 (B (120 3 PN 510

10| Global activities outside Japan 515
INtROAUCEION: 5. 75544 5555575455754 75754 5555 5555575 4 75750 0 53754 75575 0 55554 55550 S50 555 o+ 555 47305 # 2 555 S50 STF3 0 055 516
Commercialization projects ........c.c.cu... B ieneessnsessansonnmnnrennnsrmnssesasessssssssrensornrisansasnens 519
10.2.1 CRIIA ceeveeeerennrecrerererrerssssssssrasesionssesiscsnsassssssssssostsrssnsassssssssessesnnassasssonsons 519
10.2.2 IPAI coiiiiiinnniiininanesisisnoecsisaiaseecssresessissansssasionsatsscassasessessaraesessssnsrossssnaronss 522
10.2.3 SWEAEIL c.ccceiiiiiiiiieiiieiieiiisisiississisesssessssssssssssssesssesnssssssarsssvssnsnsesnsessesssases 523
10.2.4 Brazil, Russia and South Korea.........cccoevvmeiirieniivecirennniciiennnncceiiannnne 525
Production technology developmEent ..........coeuicreuieerneerernsecanesreresennrecsaasiancasensssssaes 527
10.3.1 CRIILA ..eereeeeerennnensensecsrenertsaresseressssssesssssssssssssssassasesessasssasesssrsssssananannresses 527
10.3.2 Europe and U.S.A. ......veiiiiinnniiiimemmeiiiiiiisetimmassssssssestrersssssossesses 527
10.3.3 Brazil, Russia and South Korea......c.ccoovveeiuierrneiierinneiiceienuncieenecncccne 528
Utilization technology develoOpPmEeNt .......ccceeiiveeiirrinennveinariirennineeiereetniseseesansscssanes 530
10.4.1 DME VehicCle ...ccccoviiiiiiiminiiiiiiiniiiinisiiiiscssissssssssssssssssessosssnsssrssssassassssessees 530
10.4.2 HoUSEROIA USE ..ccoirnirninniriienieeniiiiiiiitisitstsecessssresernsctssesaserascenssssessansne 534
10.4.3 POWEr ZENETATION ..ccuveeiiiiieneriiiirnreriosisnuesiesrrasecsrenmssisesassssessarssssscessansnns 535

‘2 11| Organizations for DME development 537
INErOAUCTION ..evrreiererennenrseerererrestrerassssseessesioesererssssessisssessssnerssrarssasssssossessenasnansessanes 538
Organizations in JAPAI ....ccviiivrirriiimiuiiiiiiiiiieieiicieeserteemiasiristessrestarsssssnsarassssssas 540
11.2.1 Japan DME FOTUIN .....cuviiiiiiiiiiiiniiiininiiinnsesssssssinsiniiuiiimmsesmesmessssssssens 540
11.2.2 Organizations related to Japanese government .........cceeeeeeeeceraracinees 542

i




11.2.3 Organizations related to local gOVErNMENLtS ........ccvvvereerreennreerennnanses 548
11.2.4 Private Organizations ....c...c.ccccccieeermeeniieinernneeieirerenseoneessesereesessesssssens 549
11.3  Organizations in the WOIId .........ceeeeriiiiieiiiiniiiiinireiriiieeresesusessssseesesesssessenensennns 550
11.3.1 ActivIty Of IEA .....uuuiuiietrineitniiiiniiiiiiiiininiiecreecresseessssssonsssssssssssossasssssnsans 550
11.3.2 International DME ASSOCIAtION ......cccovvvreeunvenereunennereveennmeenreeseeensesenns 555
11.3.3 Korea DME fOTUIN ....ccccoieiieiiiiiiiiiiciiesisiannerssassenssessssssssssnssssssssseseenssssans 556
11.3.4 China DME ASSOCIAtION ......cerriirivenrrenereceeeenernerieeeneereeererseesrosssssossssens 558
11.3.5 WLPGA (World LP Gas ASSOCIAtION) ..ccccveveeereeeeniirirenneeneenssoneeesesesnaes 558
11.3.6 International conferences and seminars related to DME................. 558

12.1  INtroduction .....cecceceiieiiiiiiiiiiniiieiiiiieeiesiiisisnississcsssenssesnssssssssssessssssseranssrssesnnses 562
122 [SEATAATAS]. oveesnsessunsrsussenssarsnsassuessasssssssssanss susss s sesesse sssos 555555505558 »S4TEETEo 555 0 555 0 THEE o FHTTo 563
12.2.1 JIS Standard ........iviiiiiiriininn s sesrens 563

12.2.2 International standard (ISO) ....cccciveiiiiiiriiirisciincionsseiineeenneerenecerenees 565

12.2.3 MaArine tranNSPOTT ..ocevreerecieecerncecnairsorsscasssernessassanssssessansossscsssanssssssesnssens 565

12,3  Test METhOAS u.cuiiiiiriniimeeiiniiiiiiiiriniiiuiiieinenetinnssmsiisiesiiasasimsessiistssesanssss 566
12.3.1 Test equipment in eNeral ......c.cccceerureinnicinecrescesssresssssssessassrnossonssaessas 566

12.3.2 Specimen collection Method.......cccciviieriireiiniceniiicicerinieecnecesrencessanens 566

12.3.3 DME test method premised on household use .........ccccveeeervervcssercrennes 567

12.34 DME standards as a diesel engine fuel .......cccccoeeiriiicerninsernniieennicenonns 582

12.3.5 Other DME test Methods .......ccceevvrrmemmninreeenrienrnniniserentesiereneesseseassnee 590

12.4 Laws and regulations ....ccoccieeeccnieirmeiciiiicsmrssimsisienississsossssssssssssssessssssssrssssssssssssossse 591
12.4.1 Physical properties of DME........c.ccovviiimeniiiniicernicrmimiecnnsersissesssessscns 591

12.4.2 Is DME subject to any laws and regulations? ........ccccvicerniiernnicennnnees 591

12.4.3 About notification and PermisSSion ........cccieceereeiinesincsroccecsicssssnssssresnnes 592

12.4.4 Laws and regulations related to technical standards in distribution
DEOCESSES o075 40575 045550555 0 7554 5555 55550555 2 SET5 0 43 2 2 50 55500 555 00 SEEZEEE # SESE 553 0 00 550 0 5555 595

Appendix table 597
Unit ConVersion TADIE ...ceceeriieriiiiiimiiiiiiineiiecrrnesessesssetssireserssisaisrasssssssestasssssssasssssssssessssssssss 598
Abbreviation related to economic evaluation ......ccceuuvrunreenireeiieiiennicrciniiimiieicrieniiesesens 599
Comparison of physical properties and characteristics as fuels ............ccceuuvrrrenennnnnnnnee. 600

xiv [

o




