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With support from the US EPA and in partnership with:

• The Air Quality Management Cell at the Pune Municipal
Corporation

• National Environmental and Engineering Research
Institute (NEERI)
Envirofit demonstrated its retrofit technology for the first
time in India, illustrating the emissions and fuel benefits,
as well as market applicability
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� Three 3-port carbureted 

Bajaj autorickshaws 
converted to Direct inject 
using Envirofit Pre-
production retrofit kit

� 6 months of field operation 
plying normal routes around 
Pune

� Field and lab data collected 
pre and post retrofit

� Local assistance in India 
was provided by the PMC 
Air Cell and NEERI

� Emissions testing was 
conducted at ARAI, VRDE, 
and on vehicle with a PEMS 
analyzer
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Road tests were conducted to ensure 
that power and throttle response of the 
DI vehicles was comparable to that of 
their carbureted counterparts.

Drivers are extremely satisfied with the 
performance of their respective DI 
vehicles.

Field data indicates an average 
35% improvement in fuel economy 
and 54% reduction in oil 
consumption over carbureted 
vehicles.

Each driver has reported an increased income of ~Rs.100 per day 
due to fuel and oil savings facilitated through DI.

77

8 , � � ��! �� , � �� � � * #� � �2 ��, �
+� �* - � � �� � ��2 � 3! � � � 5� �� � � �� � !9

Drawbacks of carbureted
two–stroke engines:

� Scavenging losses lead to 
high HC emissions

� Incomplete combustion 
leads to high CO emissions

� Excessive oiling in engines 
leads to high levels of PM 

Current market technologies being proposed to mitigate 
effects of carbureted two–stroke engines:

� LPG / CNG retrofit

� Direct–Injection retrofit
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� Scavenging losses are largely eliminated, leading to lower HC emissions and 
improved fuel efficiency.

� Electronic fuel metering allows for precise control of A/F ratios leading to more 
complete combustion and significantly reduced CO emissions.

� Electronic oil metering allows for controlled oiling leading reduced oil consumption 
and reduction in PM  levels.

� Envirofit’s DI retrofit utilizes Orbital Engine Corporations’ Patented Air Assisted Direct 
Injection (ASDI) System to separate the air and fuel delivery mechanisms*

How does DI solve the 
problems associated with 
carbureted two–strokes?

* Envirofit licenses the core of the direct injection system from Orbital Corporation. Orbital has 
been developing the patented "OCP™" (Orbital Combustion Process) for over 20 years, and 
their system is used in a variety of commercial and recreational market products. For more 
information on Orbital please visit www.orbeng.com.au. 
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1. A test schedule was established, with data collection set to occur on 
every fourth day.  Each 4-day period constituted a test cycle.

2. Fuel and oil top-off levels were established in the respective 
reservoirs.

3. At the start of each test cycle, fuel/oil levels were topped up to the 
specified levels and initial odometer readings were noted.

4. Drivers were instructed to obtain receipts for all fuel/oil fill ups 
performed during the intervening days in a given test cycle.

5. On the fourth day of the test cycle, fuel/oil levels in the respective 
tanks were measured and the final odometer reading noted.

6. Fuel/oil consumption was calculated based on this raw data.
7. Odometer equipment on each vehicle was inspected every two weeks 

to ensure proper functionality.

The fuel/oil consumption data presented was collected for a minimum 
period of two months, on three vehicles of each configuration: carbur., 
LPG, & DI.
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LPG  =  19% reduction over Carbureted Baseline (petrol)

DI = 54% reduction over Carbureted  Baseline (petrol)

DI = 35% better than Carbureted Baseline (petrol)

LPG = 29% worse than Carbureted Baseline (petrol)

* Based on Envirofit field test data in Pune, 
3+ months of data under standard 
commercial autorickshaw routes (2008)

Carbureted Baseline (petrol)

Carbureted Baseline (petrol)
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* Carbureted baseline emissions conducted at VRDE (Ahmednagar, India) and direct 
injection conducted at ARAI (Pune, India) - using the IDC test procedure
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DI  = 74% reduction over Carbureted Baseline

DI = 61% reduction over Carbureted Baseline

Carbureted Baseline (Petrol)

Carbureted Baseline (Petrol)
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Comparison of published emissions trends

1 Kojima, Brandon, Shah (2000)
2 Willson, Lorenz, Bauer (2004)

Carbureted (petrol) vs. DI (petrol)

Carbureted (petrol) vs. carbureted (LPG)
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Cost of petrol (per L): Rs. 56.00
Cost of LPG (per L): Rs. 35.53
Cost of super 2T oil (per L): Rs. 180
Cost of regular 2T oil (per L): Rs. 75

Fuel consumption Oil consumption
DI: 33.81 km/L DI: 1.37 km/mL
Carbur.: 25.07 km/L Carbur.: 0.63 km/mL
LPG: 19.36 km/L LPG: 0.75 km/mL

Average daily
distance driven: 75 km

Average daily fuel/oil cost for:
a. Carbur. Rs. 173.78
b. LPG Rs. 142.93
c. DI Rs. 132.03

DI provides 31.6% in operational savings over carbureted vehicles 
and 8.3% operational savings over LPG vehicles.

* Based on testing conducted on 3 autorickshaws in Pune, India from July ’08 - present
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