
RCCI

General

RCCI, Reactivity Controlled Compression Ignition, is a combustion concept that can be conside-

red as a hybrid between Spark Ignition (SI) (Otto) (Gasoline) and Conventional Diesel Combus-

tion also called Compression Ignition (CI). This combustion concept is the technically viable 

alternative to Homogeneous Charge Compression Ignition (HCCI). Both principles achieve a very 

high efficiency with utra-low emissions, preventing the need for exhaust gas after treatment 

like an SCR and so Urea is not needed to achieve Euro-6d or Californian emission legislation.

Fuels and injectors

RCCI is always operated with at least two different fuels with different reactivity, one high 

octane fuel like Hydrogen, BioGas, Ethanol and Methanol, hereinafter called ‘H2’ and one low 

octane fuel like Diesel, BioDiesel, GTL, OME3-5, or Ethanol with cetane booster, hereinafter 

called ‘OME-D’. The OME-D is typically direct injected, this to be able to cold start in DI mode 

and shift to RCCI mode after 10 seconds. Beside this it’s possible TO operate on OME-D only if 

H2 is not available or too expensive. The H2 can be injected Port Fuel which means before the 

intake valve or Single Point which means there is only one injector for the entire engine, this 

injector can be placed before the turbo to allow low pressure (1,05 bar) gaseous feed.

Mixing and emissions

The H2 has well mixed with the air entered the combustion chamber, the OME-D  wil now be 

injected typically for RCCI 1000 before Top Dead Centre of the piston crank movement, this 

allows the H2 to mix well with the H2-Air mixture enabling both fuels to combust based on 

compression 20 before the top dead centre on 1.000 sports simultaneously like 1.000 spark 

plugs creating an extreme strong ignition. without hotspot of fuel droplets like in a conven-

tional diesel happens elemenating NOx and soot and creating high power and high efficiency.
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RCCI Timing trough Reactivity Control

When the mixture ignites 2 degrees too early, the ArenaRed CPBC Sensor and Chip detect this 

and lower the OME-D fraction from 1% to 0,98% and this than moves the ignition back to its 

set point say 2 degrees before the top dead centre. 

Low emissions

The lean and homogeneous burn when using RCCI, is the main reason the peak temperatures 

can be kept low, which results in very low NOx emissions. The premixed lean combustion of RCCI 

results in an exceptionally low soot emission. The high controllability gives ArenaRed the 

ability to control the peak cycle temperature which determines the Carbon Monoxide (CO) and 

Methane (CH4) emissions. ArenaRed achieved Stage V compliant emissions on the DOCAT 3500AR 

engine without SCR Urea exhaust gas after treatment. ArenaRed can achieve Euro-6d emission 

standards without SCR Urea exhaust gas after treatment. Another way to explain why RCCI 

is so clean is to say that in a normal diesel engine the diesel is ignited and burned from the 

liquid phase of the diesel fraction and in RCCI mode is the diesel ignited and burned from the 

gas phase.

High efficiency

The main reason why RCCI is exceptionally efficient, is that the heat release of the combustion 

has a high degree of controllability, which means that the thermodynamic efficiency can be 

fully optimized. To damp (slow down) the chemical reactions we operate the engine in lean 

burn which also reduces the heat losses. When running CI, a lot of the heat is transferred to 

the cylinder walls because of high peak temperatures of burning diesel sprays. RCCI operates 

with a more homogeneous mixture resulting in a more homogeneous temperature distribution 

in the cylinder, which leads to lower heat losses. 

ArenaRed achieved an efficiency of typically 10% (10 to 15%) higher than diesel only.

AUTOMOTIVE RAIL / NRMMMARITIME AIR
today’s transition

                 in global energy



ARENARED +31 88 425 0000

Flued Stage

In a modern Diesel engine flued Diesel is been injected and burned starting at typical 17 

degrees before top dead centre. The moment the Diesel is injected it starts to burn and this 

gives the determined timing of the diesel engine. The hot spot burning of the diesel in the flued 

stage also causes NOx and soot. The end of the combustion is typically 40 degrees after the 

top dead centre.

Liquid Stage

in a RCCI engine the typical 1% Diesel is injected 100 degrees before top dead center and vapo-

rizes entirely. Than this gaseous diesel is mixed with the other fuel and air and ignites based 

on compression on countless places at the same time. This gives the RCCI combustion enormous 

power, high fuel efficiency, combustion without hot spots, low NOx and no combustion from the 

flued stage but only from the gas stage giving zero soot.

Single Fuel RCCI

RCCI has to be operated with two different fuels, one high octane fuel and one low octane 

fuel. In automobile applications this can be seen as cumbersome and can discourage people 

to choose for an engine running RCCI. A solution is that for a high octane fuel is used for both 

injections, but that a cetane-booster is added to the direct injected fuel to increase reacti-

vity. The added cetane-booster requires a refill of 5 liters every oil change, which could be 

done by the car mechanic. In this way the car owner has all the benefits of owning a vehicle 

operating RCCI without having to worry about fueling two different fuels.
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The history of RCCI

RCCI is a dual fuel engine combustion technology that was developed at the University of 

Wisconsin-Madison Engine Research Center laboratories under the supervision of Dr. Reitz. 

RCCI is a variant of Homogeneous Charge Compression Ignition (HCCI) that provides more con-

trol over the combustion process and has the potential to dramatically lower fuel use and 

emissions while increasing efficiency. RCCI uses in-cylinder fuel blending with at least two 

fuels of different reactivity and multiple injections to control in-cylinder fuel reactivity 

to optimize combustion phasing, duration and magnitude.
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