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Prins Diesel blending principle

* Diesel blend is based on the vapor injection
of LPG / CNG in an existing diesel engine.

* The VSI computer calculates the amount of
injected LPG / CNG depending on engine
load and speed.

« LPG/CNG gas is sequentially injected into
the intake manifold.

* Sequential means that the injected gas is
calculated and timed per cylinder

* The amount of injected gas mixes with the
intake air.

 The diesel will ignite because of the high
compression end pressure in the cylinder and
will ignite the gas/air mixture.
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Prins Central versus Sequential injection

* Central injection=>LPG/CNG injected before or after turbo charger.

e Sequential injection=> LPG/CNG injected per cylinder into the intake
manifold just before the inlet valve.

» Disadvantages central gas injection before/after turbocharger:
» Large volume explosive air/fuel mixture in intercooler and intake;
* High risk of LPG/CNG leakage in the intercooler and intake system;

— Diesel engines have no gas-tight seals in the turbocharger;
* Slow response of engine fueling;

* During valve overlap a portion of the air fuel mixture will be wasted
directly into the exhaust [higher HC emissions].
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Prins Dieselblend fuels LPG/CNG/LNG

* LPG (Liquefied Petroleum Gas)
— Propane :C;Hg; Boiling point 231 °K (-42 °C)
— Butane : C4,H,, Boiling point 273 °K (0 °C)*
— Several mixtures; summer- & winter fuel
— Storage pressure 100-1500 KPa
— Heat value 24,89 MJ/Ltr

* CNG (Compressed Natural Gas)
— L-Gas : Low caloric Gas
— H-Gas : High caloric Gas
— Storage pressure up to 25000 KPa

* LNG (Liquefied Natural Gas)
— Storage pressure 200-700 KPa at ca. —140 degrees

— Heat value 21,00 MJ/Ltr




ALTERMNATIVE
u E

Prins Calorific value/density

Mo/ [Ma/kg Ma/me|Density [kg/ 1]

Petrol 32,0 43,5 0,73
Diesel 36 42,5 0,83
Propane 23,6 46,5 0,51
Butane 26,6 45,5 0,58
CNG (NL) -=== 38.0 31,7 0,83 [kg/m3]
CNG (Japan) ---- 49.4 41,4 0,83 [kg/m3]

e 1 liter diesel => 1.4 liter LPG
e 1 liter diesel =>0.95 kg L-CNG
e 1 liter diesel =>0.75 kg H-CNG
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Prins Why Diesel blending?

Costs reduction.
— Up to 15 % fuel savings
e Significant reduction of emissions by using alternative fuels.
— contributes to “green” image of your company
— meets demand for environmentally conscious ECO-transport
* Low system costs.
— Not necessary to rebuild a diesel engine into an otto-engine [mono fuel LPG/CNG]
* Truck maintenance interval stays the same.
* No downtime when system fails.
— Able to switch back to full diesel operation
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Prins Savings

Savings depending on:

¢ Vehicle /engine type

¢ Vehicle use

¢ Type of load

¢ Type of fuel blending LPG-CNG
¢ Local fuel prices

¢ Savings are achieved because a percentage of the diesel is replaced
with LPG/CNG which is far cheaper

¢ The more miles covered the greater the savings!!
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It is only possible / necessary to change the variabeles in the yellow marked cells!!

Prins Calculator for LPG or CNG

Data used for calculation:
LPG composition
Pefcentage propans:
Percentage butane:
Kilometers/year:

Fuel consumption diesel:

Fuel price diesel:
Fuel price LPG:

Awerage blend percentage

Fuel tank capacity Diesel
Mett Fuel tank capacity LPG

_ s0/%

50 k3
[0008] et
— T

LAS| Eura/lner
0,68 Euro/liter

25 k9

400 liter
200 liter

Calculation results:
1 fter diese! is equivalent too 144 fter LPG
100% Diesel mode:
Liters diesel used 36.000 /year
Driving range 1.200 km assumes 30% usable tank voiume
Total Teel cost per year: 41400 Ewro
(02 emissions per year 97.2 tom
Dicseibiend 1PG mode:
Liters diesel used 27.000 |/year
Liters LPG used 12540 I/year
Fuel consumption diesel 225 /100 km
Fuel consumgtion LPG 208 1/100 km
Driving range diese! 1600 tm assumes 30N usable tank wiume
Driving range PG 1855 km
Fuel cost diese! 3105 furo
Fuel cost UPG 8928 Euro
Total fwel cost per year: 39978 Ewo
€02 emissions per year diese 729 ton
CO2 emissions per year PG 20.1 ton
Total COZ emissions per year 930 e
Fuel cost saving: 1.422 Euro/year
€02 emission reduction 4.2 ton
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Prins Dedicated motor sets

 Dedicated motor kit

e Dedicated software
* Engine specific parts
e |nstruction manual
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Prins Universal tank sets
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Developments for Europe

DAF : MX & PR engine
Iveco : F3A engine
MAN : D20/26 engine
Mercedes : OM501

Renault : DXi 11 / DXi 13
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Prins LPG Tanks

<

Different tank situations 250 / 376 liter

Steel cylindrical tanks are available in different
sizes / diameters

1 liter diesel => 1.4 liter LPG
250 Liter tank LPG x 80%= 200 Liter LPG
200 Liter LPG = 142 Liter Diesel ‘
Blendrate 25% (142L)

75% diesel = 426 liter diesel

<

®* & & o o




ALTERNATIVE
FUEL SYSTEMS3

Prins Applications heavy duty CNG
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1x 100/ 120 / 140 Liter LPG
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Applications heavy duty CNG

4 x 120 /140 Liter CNG
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Prins Tank fillers
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Prins Tank configuraties
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Prins Conversion shop Lagos Nigeria

Sino truck
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Prins Applications light duty LPG/CNG

Peugeot Boxer Volkswagen Crafter Ford Transit

4 cylinder
Diesel engines
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Prms Busses
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Prins Applications LNG

lveco Stralis
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Prins Applications LNG
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Prins Dieselblend-2.0 LPG
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Prins LPG Reducer

With ECT-sensor

g“‘a—;-—w)

With shut of valve
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Prins Dieselblend-2.0 CNG
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CNG Pressure regulator

With lock off valve
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Corresponding components
LPG / CNG
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Prins Filter Unit (LPG/CNG)

) BOSCH

Temperature — pressure sensor
0.5-10BAR
-40-130C.

Mﬁ
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Prins MAP-sensor

Type Prins Bosch type Pressure range (abs)
180/80350 0 281 002 576 0.5 tot 4bar
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tors
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LPG/CNG
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Prins Injector inserts

Fuel must be injected as near to the inlet valve as possible.
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Prins Injector manifold plate Renault/Volvo
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AFC-2.0 computer

Communication through CAN controller

w‘




ALTERNATIVE
FUEL SYSTEMS

Prins RPM module

40 - b

30 -
-4
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10 ‘ -
s=input
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10 e output2
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r -4
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RPM module converts the inductively cam signal to a 0-5 volt

square wave signal.
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Prins multi colour switch
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Prins Tooling LPG
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Injector inserts tooling
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Prl ns Prins Diagnostic Tool + diagnostic software

| y ”~ ! A ‘p -
Diagnose Calbrate e, o osvus o

[ Gas In) Tl Ky 3. 4 s
D aem Waarde Cenhes Gas ini T 12 T
o Aantal clnders h Gas 1n) Tad €Y1 3 7 ms.
97 R P . Denzine In) Td Ol 4 5,73 s
92 RPM Sgrasl Selecte rosrenm & 77,5 °C
a5 womTroow Lo 30v [Absolute Gas Druk ~ 2192 mbar
Select value - = Gas
- 1152 rev/min
Nokkenos
Nokkenas . ;
Ociteting o Oye
o o . "
~ o ‘e s
1152 rev/min 15,0 °C
otortoerenal g T -

(G Xntische foutcode
(@ Fourcodes

&8 Prins AFC Software v2

FOT SABUSGHOV_[11115:20:956) Porsmeter overdiracht.
£ o1

Openen-

opslaan Opties

Parameters

Mator. Schakelaar Systeem

Lege tark druk.

455 Regelaar MAP gerefereerd - |
2305 Serviee Interval Inschakelen -
W 2506 service tterval Hosmate T 1008,00 | hr
(2307 semvice interval wasrschuuing Tid 895,00 |hr f
1853 |Systeem Idie Druk 2208 | mbar I
|
W
i I
i
i I

| [ Vetbondenimet AFCI200 - PDT #ABUGGHOV  [12:10:56:332] Parameter overdracht.. Gekozen brandstof: Gas. Actief platform: VSI-2.0
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Conversions in cooperation with heavy duty sector
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Service and maintenance
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Prins Service Items

[
FI Ite r c h a n ge ° 25.000 km 1° jaar 2 jaar 3 jaar
[ ] of na 100.000 m of na 100.000 km of na 100.000 km_
Uitgevoerd is:
’ F i Ite r u n it L P G + C N G Keihin inlaatfilter vervangen a a a a
Filterunit vervangen 0 0 Q Q
. Slangen + leidingen controleren 0 ] ] o
4 Inlet filter regulator (CNG) sl ICTNU B R
Elektrisch luiti
bstadingenconieten 0 Q Q 0
° Op gaslekkage controleren u] n] n] n]
‘ F I Ite r I o C k off va Ive ( L P G ) Controleren op foutcodes (diesel en
gas) + systeemdruk a a a a
Km-stand: Km-stand: Km-stand: Km-stand:
Datum: Datum: Datum: Datum

Celect value

Nokkenos
Nokenas

Hour counter
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Part 9

Calibration & Software
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Prins Dieselblend Software

Engine speed [rev/min]

= 608 800 992 1216 1408 1600 1792 018
Calculation injection times using following & o» o aw  ow s am 0w o
. lrg" 17 0,00 71,50 82,80 82,00 82,80 76,10 68,30 0,00
pa ram Ete rs. 3 = 0,00 71,70 82,80 82,00 82,80 76,30 68,60 0,00
2 |40 0,00 72,70 83,30 32,50 83,30 77,10 69,80 0,00
& s 0,00 69,10 84,60 83,70 84,60 75,40 68,00 0,00
-
. g |65 0,00 63,20 84,40 83,60 84,40 71,80 66,00 0,00
¢ LOO k u p ta b | € ( R P M an d € ngl ne |Oa d 'E 80 0,00 17,70 59,70 69,00 69,70 45,00 20,00 0,00
re I ate d ) E 100 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00

* Injection times correction depends on:
— System pressure (P_sys)
— Gas temperature (T-gas)

* Timing delay adjustable: | il X
— To give in crankshaft degrees Il '

Arbeid Uitlaat Inlaat Kompressie
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CNG Blend rate (%)

Load

10

25

40

55

70

85

100

Engine RPM

600

800

1000

1200 1400 1600 1800 2000
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Torque limiter

Power [kW]

250

P_crankshaft 1200RPM

225 1

200

178 +—+—t

150 - —

125 ¢

75 1

50

00 4++++ 11+ 1 LA L L L

== P_crank[diesel]
==P_crank [blend]

Load%
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Prins TGX 18.440 CNG TNO

MAN TGX 18.400 CNG European Transient Cycle

Emission test TNO
Average advantage :

* (CO2reduction 5%

* NO, reduction 16,4 %

Cco2 684 650 g/kWh
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Prins DAF XE 1260 (Euro 3) LPG TNO

L300

- ,;;AEL,A;____%___

— ff "\.._‘

1500 hht

1700 1—"‘;‘,\

1800 f [

- A "\\

1400 # by
- 1300
E 1700 It \‘\ ]
g 1100 :
§ 1000 — 1
= go0

00

oo

30

500

400

300

i |
[e1]
00 200 TOo0 ED0 #00 1000 1900 1200 1300 1400 1500 10004
‘‘‘‘‘‘‘‘ e DAF XE1260 (EuropeanTransient Cycle)
T dowen bune dhsnal oinky m—y

* Same torque output
* CO,reduction4,3% |wwhc
* NO, reduction 8,9 %

0,13 2,75 0,78 g/kWh

Co2 628 601 g/kWh
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Portable Emission Measurement system

Prins (PEMS test)

Results Dual-fuel emission
measuremen ts MAN TGX 18.440

Load Unload

Lrrew Sdut \ 4]
.‘ilpghﬂon P ]
; > o i
- I~ \ .
5 aail i
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Prins Training Dieselblend

Together building the
first conversion

@‘1
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Prins Points of attention?

* Too much fuel injection:

— Too high power output, thermal
and mechanical overload,
detonation.

* |ncorrect injection timing/injector
connection order:

* Too little fuel capacity

e Refueling infrastructure

r
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Prins

Savings on fuel costs

 “Green” image

* Filling station/skid on premises (when allowed)

* Enlargement of driving range

* No major changes on diesel engine / low cost conversion
* Telematics possible

* 100% diesel fall back / no downtime

USP

Mg
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Prins

Prins Autogassystemen B.V.
Jan Hilgersweg 22 - 5657 ES Eindhoven
The Netherlands

Tel. +31 (0)40 254 77 00 - Fax +31 (0)40 254 97 49
Internet: www.prinsautogas.com - E-mail: sales@prinsautogas.com

Follow us @ twitter: @Prins_Autogas
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