
Canada claims world's first 100% biofuel-powered civil jet flight 

Monday October 29th 2012 - National Research Council 
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Flight Test:  A History Full of Firsts
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20 min on ReadiJet

Time (min)

Objectives

• Rapid throttle operations
• In-flight shutdown & relight 
• One and then both engines on ReadiJet
• In-flight & ground based emissions measurements



Objectives
• GE CF700 engine core

• Measurements



 

Performance & operability 



 

Emissions

• Special assembly requirements

• Standard and special instrumentation

• Hardware condition monitoring







 

Comparison of all engine parameters agree within the instrumentation 
uncertainty of +/- 3% when running on Jet A or Readiiet. The one exception is the 
derived quantity of specific fuel consumption which shows an improvement that 
exceeds the instrumentation uncertainty.



 

The independent fuel laboratory test results were received from Intertek.  Two 
parameters are “out of spec”. The first is MSEP-A but we have since concluded 
(and verified with AFRL) this is a “false” reading as a consequence of a known 
effect of the static dissipative additive that was used after the AFRL tests.



 

The second is FAME which is reported at 14 ppm when the limit is less than 
5ppm. Investigation continues but this result is believed to be due to the test 
procedure used. Nonetheless, for the moment it must be accepted as 
reported. Therefore, it is proposed that we invoke the provisions of the 
FAA SAIB NE-09-25R1 which allows for two uplifts (refueling operations) with 
FAME content between 5 and 30 ppm without any safety of flight implications.
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Comparison Summary
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Risk Assessment 
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Risk Assessment Matrix



1.  Hazard.  Hot start when using biofuel.

Severity.  Extensive damage to the aircraft engine.

Probability.  Unlikely.

Mitigating Procedure.   Biofuel blends are ASTM certified and will have been tested in GTL CF700 engine.  Right seat 
pilot and FTE will closely monitor EGT and call through 700 degrees.  Through 750 degrees throttle will be moved to 
cutoff position, start selector to motor/start-stop, and start button depressed.  Normal peak EGT during start for 
engines is 670 degrees and max temperature on start is 854 degrees.  Cutting throttle at 750 degrees provide 
adequate margins.

2.  Hazard.  Brake failure during high speed ground runs.

Severity.  Extensive damage to the aircraft or serious injury to crew due to overrun.

Probability.  Remote.

Mitigating Procedure.   Briefings, training and REJECT workups on normal fuel.  Thorough review of "anti-skid -OFF" and    
back up (Parking brake) systems.  
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Risk Assessment 



3.  Hazard.  Loss of directional control during 8 degree pitch up on ground runs.

Severity.  Extensive damage to the aircraft or serious injury to crew.

Probability.  Unlikely.

Mitigating Procedure.   Briefings, training and REJECT workups on normal fuel.  Ten knot increment calls above 60KIAS 
with REJECT for any unusual circumstance.  Throttle reduction to 1.2 EPR through 90KIAS 

4.  Hazard.  Left boost pump failure on takeoff while right boost pump is selected off.  Possible double engine failure.

Severity.  Loss of thrust, destruction of aircraft, death of all personnel on board.

Probability.  Remote.

Mitigating Procedure.  1 minute high power run with brakes applied just prior to takeoff to confirm fuel pressures and 
quantities.  Right seat pilot ready to turn on right boost pump and right transfer valve should left boost pump fail.  Note 
FAA minimum MEL dispatch is one serviceable boost pump.  AFM states aircraft is capable of full power operation up 
to 40,000 feet with no boost pumps.
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Risk Assessment 



5.  Hazard.  Unable to restart RH engine in flight.

Severity.  Extensive damage to engine if core temperature allowed to reduce.

Probability.  Remote.

Mitigating Procedure.   All shutdown and relights will take place well inside windmilling airstart envelope and within gliding 
distance of emergency airfield (Maniwaki for NRC Test Area) to be briefed and NOTAMS checked to ensure suitability 
and VFR weather.  Target airspeed of 220KIAS (+/- 5KIAS) and no higher than FL250 for shutdown and relights.  
Should no restart occur on first attempt an immediate descent toward the emergency airfield will be commenced with 
airspeed to attain 20%N1 rotation.  All boost pumps and transfer valves will be switched on prior to second start 
attempt.  All pilots will be current on the aircraft prior to testing and familiar with Page E-4 of Emergency Checklist.  An 
observer/FTE will be in the jump seat to record data and therefore reduce the work load on the non-flying pilot who 
will back up the flying pilot on monitoring all limitations.  
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Risk Assessment 



12

 
Ground Run – 100% BIOFUEL 

Pilot:   Date: Time: 
Objectives/Limitations: 

 ____ lbs of 100% blend in RH feeder tank 
 RH transfer valve closed, RH boost pump off 
 Crossfeed open, LH boost pump on 
 Start RH engine  
 Start LH engine 
 Taxi to test site  
 RH engine to takeoff thrust on fossil fuel (1 min) 
 RH engine to idle 
 RH boost pump on 
 Crossfeed off 
 RH engine now on 100% blend from RH feeder 
 RH engine to takeoff thrust for 1 minute or until 50 

lbs remaining 
 RH engine shutdown 
 Taxi back on LH engine 
 Once on ramp, RH engine start (EGT) on biofuel 

Check Action 
Pre-Start As per normal checklist 

 
Briefing 
Prior to 
Before 
Start 

Checks 

 Right Transfer Pump and Valve - OFF (to 
isolate right feeder tank from right wing 
tank)  

 Wing Pre Interconnect Valve - ON 
 Crossfeed -ON 

 
Before 
Start  

As per normal checklist 

Battery 
Start 

 Start right engine first using LH boost 
 Skip full stab trim check  
 Skip Standby Pump check (to save time) 
 Skip full aileron/rudder trim check  
 Leave crossfeed ON after check 

 

Post Start  DO NOT TURN ON RH TRANSFER PUMP 
 DO NOT TURN ON RH BOOST PUMP 
 Start LH engine 

 
Taxi As per normal checklist - monitor feeder tank levels, 

both feeders should not decrease.  LH feeder is 
being fed from wings, RH feeder is not being used 

Pre-
takeoff 

For high 
power 
tests 

As per normal checklist as well as: 
 Confirm T-33 in position confirm ready on 

129.675 

TEST 
POINT 

 Hold Brakes - note Right feeder quantity 
 RH Throttle to computed EPR/N1 and not 

above 740 EGT, note fuel pressures 
 1 minute 
 RH throttle to IDLE 
 RH Fuel Boost pump -ON 
 Crossfeed - OF, note decrease in RH 

feeder 
 RH throttle to computed EPR/N1 and not 

above 740 EGT 
 IDLE 
 RH Throttle - Cutoff 
 Taxi back to ramp 
 RH engine start 

After 
Landing 
Checklist 

As per normal checklist, shut off  RH Boost Pump - 
OFF 

 
Shutdown As per normal checklist 

 
NOTES 

Hazard Assessment 
 Hot Start - Low Risk - Review emergency checklist prior to start 
 Overtemp during high power runs - brief shutdown procedures 

should EGT begin to rise 
 

Checklists
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Ground Run #2 – REJECTED TAKEOFF ON BIOFUEL 

Pilot:   Date: Time: 
Objectives/Limitations: 

 472 lbs 100% blend in RH feeder tank 
 Both engines started using biofuel RH feeder tank 
 Taxi with Jet A to both engines from LH feeder tank 
 Accel to 100KIAS, 8 degree pitch 2 seconds, Reject 
 Reconfigure to blended fuel from RH feeder tank 
 Accel to 100KIAS, 8 degree pitch 2 seconds, Reject 
 Max Crosswind component - Less than 3 Knots 
 Runway conditions bare and dry 
 RWY 14/32 

Check Action 
Pre-Start As per normal checklist 

 
Briefing 
Prior to 
Before 
Start 

Checks 

 Right Transfer Pump and Valve - OFF (to 
isolate right feeder tank from right wing 
tank)  

 Wing Pre Interconnect Valve - ON 
 ENSURE CREW IS REMINDED NOT TO 

TURN ON LH BOOST PUMP DURING 
BATTERY START - USE CROSSFEED 
INSTEAD 

Before 
Start  

As per normal checklist 

Battery 
Start 

 Start right engine first 
 Skip full stab trim check (to save time) just 

check switch functionality 
 Skip Standby Pump check (to save time) 
 Skip full aileron/rudder trim check (to save 

time) just check switch functionality 
 Leave crossfeed on after check 
 DO NOT TURN ON LH Boost Pump for 

LH engine start 

Post Start  DO NOT TURN ON RH TRANSFER PUMP 
 When cleared by T33 (on 129.675) 
 LH Boost Pump - ON 
 RH Boost Pump - OFF 
 (running both engines on LH  

Feeder Jet A) 
Taxi As per normal checklist - monitor feeder tank levels 
Pre-

takeoff 
(When 
cleared 

onto 
runway) 

As per normal checklist as well as: 
 First rejected takeoff in fossil config above 
 Prior to Second rejected takeoff 
 RH Boost Pump - ON 
 LH Boost Pump - OFF 
 Now running both engines on Right 

Feeder blended fuel 
 Note Right Feeder tank level and fuel 

pressures 
TEST 
POINT 

 Taxi 200 feet down runway 
 Ensure T33 is in position 
 Hold Brakes - note Right feeder quantity 
 Throttles to computed EPR/N1 and not 

above 740 EGT 
 Prepare to hack/129.675 "3,2,1, brakes" 
 Brake release 
 Accel to 100 KIAS pitch to 8 degrees 2 sec 
 Reject//Brake as required 

After 
Landing 

As per normal checklist 
 LH Boost Pump - ON 
 RH Boost Pump - OFF 

Shutdown As per normal checklist 
Do not leave parking brake set as brakes may 
fuse to discs because of reject speed 

 
NOTES 

Hazard Assessment 
 Hot Start - Low Risk - Review emergency checklist prior to start 
 Engine Failure on T/O - Low Risk - Ready for reject anyway 
 Loss of Control - Medium Risk - 40, 60, 80, 100 "REJECT" by 

anyone in cockpit prior to pitch up 
 Brake failure - Low Risk - Brief anti-skid OFF and emergency 

braking procedures using T-handle 

Checklists
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BIOFUEL WITH ACCEL/DECEL, THROTTLE RESPONSE 
PERFORMANCE, AND SHUTDOWN AND RELIGHTS  Version 3 

Pilot:   Date: Time: 
Objectives: 

 472 lbs 100% blend in RH feeder tank 
 Start and Taxi - both engines on Jet A from LH feeder 
 T/O and Climb - both engines on Jet A from LH feeder 
 Level at an altitude  
 160/250/160 Accel/Decel Jet A from LH feeder  
 160/250/160 Accel/Decel on Biofuel from RH feeder 
 Switch to both engines on fossil fuel from LH feeder 
 Shutdown DAS 
 Switch to LH Engine fossil fuel, RH Engine biofuel 
 RH Engine Shutdown/Relight biofuel 
 Eliminate fuel asymmetry condition  
 Normal descent and landing with all switches per 

normal checklist 
 
 

Check Action 
Pre-Start As per normal checklist 

 
Briefing 
Prior to 
Before 
Start 

Checks 

 RH Transfer Pump and Valve - OFF (to isolate 
right feeder tank from right wing tank) - TO 
REMAIN OFF UNTIL DESCENT UNLESS 
EMERG  

 Wing Pre Interconnect Valve - ON 
ENSURE CREW REMINDED NOT TO TURN ON 

RIGHT BOOST PUMP DURING BATTERY START - 
USE CROSSFEED INSTEAD 

Before 
Start  

As per normal checklist 

Battery 
Start 

 Start left engine first 
 Leave crossfeed on after crossfeed check 
 DO NOT TURN ON RH Boost Pump for RH 

engine start, leave OFF  
Taxi As per normal checklist - monitor feeder tank levels 

Pre-
takeoff 
(When 
cleared 

onto 
runway) 

As per normal checklist as well as: 
 Taxi 500 feet down runway 
 Ensure T33 is in position 
 Note Feeder tanks levels and fuel pressures 

Takeoff  "3,2,1 brake release" on 129.675 
 Throttles to computed EPR/N1 and not above 

740 EGT 
 Note fuel pressures  
 Normal takeoff  

Post 
Takeoff 

As per normal checklist and ASAP: 
 Through 400 feet AGL reduce thrust for T33 

and confirm normal engine operation 
 NOTE ANY WING FUEL ASSYMETRY LEVEL 

DEVELOPMENTS IN CLIMB 

FL180 As per normal checklist 
Cruise As per normal checklist  
Test 

Points 
Fossil Fuel Accel/Decels 160/250/160 then: 
Check Right Feeder Tank Quantity Sufficient 

       - Crossfeed…………….……CONFIRM ON 
       - LH Fuel Boost Pump…………………OFF 

Biofuel Accel/Decels 160/250/160  then: 
            - LH Fuel Boost Pump…………….……….ON  
            - Crossfeed…………………….CONFIRM ON 
            - RH Fuel Boost Pump…….....................OFF   
            - DAS…………………….…….…SHUTDOWN      
RH Engine Shutdown/Relight on fossil fuel:       
-  RH Engine Power Lever…………..………..…STOP 
-  Relight as Per Page E-4 (refer to Airstart Envelope)   
-  Power Lever……………………….IDLE (12-24% N1)  
-  Start Selector………………………..……AIRSTART 
Once Engine Running Normally: 
             - RH Fuel Boost Pump………………….ON  
             - LH Fuel Boost Pump……...CONFIRM ON   
             - Crossfeed…………………….……….OFF 
RH Engine/Shutdown/Relight on biofuel 
- RH Engine Power Lever……………………STOP 
- Relight as Per Page E-4 (refer to Airstart Envelope)   
- Power Lever……….………….IDLE (12-24% N1) 
- Start Selector…………………….……AIRSTART 
Once Engine Running Normally: 

 Crossfeed.............................ON 
 RH Transfer Valve and Transfer Pump...ON 

 
Balance 

Fuel 
Refer to E-19 of Abnormal Checklist then Descent, 
Approach, and Landing Checklists as per normal 

Checklists



TEST AIRCRAFT: NRC FA-20 (C-FIGD)
DATE: 29 OCTOBER 2012
ALTITUDE: 30,000 feet
AIRSPEED: 200 knots

Performance Data

Transparent transition from Jet A1 to 
ReadiJet and back to Jet A1 fuel



Airborne Emissions
Condensation Nuclei (Aerosol)
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JetA1,Flt #8,CLB
JetA1,Flt #8,CRZ
JetA1,Flt #6,CRZ
JetA1,ARA, CRZ
ReadiJet,ARA,CRZ
Direct comparison,ARALow-thrust Descent

Minimum 50% 
reduction in CN 
number when 
using ReadiJet 
fuel compared to 
Jet A1

• 9610 CNC Sensor on board
• Measurements @ 30,000 ft cruise





ISO 14001
ISO 14001 is an internationally accepted standard that sets out how
you can go about putting in place an effective Environmental
Management System (EMS). The standard is designed to address
the delicate balance between maintaining profitability and reducing
environmental impact; with the commitment of your entire
organization, it can enable you to achieve both objectives.

What’s in ISO 14001:


 

General requirements 


 

Environmental policy 


 

Planning implementation and operation 


 

Checking and corrective action 


 

Management review
18



Life Cycle Assessment
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The Keeling Curve, or
The Cold Hard Facts…
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Unrealistic expectations…
or future flight test opportunities?
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Few will have the greatness to bend history itself; but each of us 

 can work to change a small portion of events, and in the total; of 

 all those acts will be written the history of this generation.

‐

 
Robert F. Kennedy 

“There is no one solution that will solve it all , but we are looking for a combination 
of ways to reduce our impact by investigating promising options. The ultimate goal 
in aviation fuel research is to look for ways we can decrease the unwanted 
byproducts of combustion to a level that is acceptable for the environment.”

- Tim Leslie
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