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1 Extended abstract
Energy - its sufficiency and production with low emission
technologies - are the current and upcoming global key chal-
lenges. In the automotive and off-road sector the transition into
fully electric low-emission technology is on-going. However,
e.g. in marine applications (passenger and cargo ships) the
energy density of electric engines is not enough to drive the
ships, and there is no change foreseen for it in the near future.
The traditional diesel engines function well, but they use fos-
sil fuel and produce an intolerable amount of emissions (soot,
particulate matter, nitrogen dioxide (NO2) and carbon dioxide
(CO2)). Carbon dioxide is a greenhouse gas, and its reduction
in the atmosphere is currently the main environmental chal-
lenge.

The solution to the aforementioned problem is the devel-
opment of engines, which use new environmentally friendly
combustion technologies. These are different from the tradi-
tional combustion engines in that they operate in much lower
temperatures, leading to a radical reduction of emissions.
Some of these new combustion technologies are: Partially pre-
mixed combustion (PPC), homogeneous charge compression
ignition (HCCI) and reactivity controlled compression igni-
tion (RCCI). These processes are quite promising. However,
their modeling and control is a complex task compared to the
traditional engines. This is due to the fact that the new combus-
tion processes use dual-fuel injections, which leads to complex
physico-chemical reactions taking place inside the cylinders.

RCCI technology has been an area of interest among re-
search communities for the next generation of combustion en-

gines [1] due to its ability of reaching ultra low levels of soot
and NOx, and having a high thermal efficiency [2, 3]. How-
ever, certain issues challenge the adaptation of RCCI in terms
of model-based control design (MBCD). These include com-
plex thermo-kinetic reactions, high pressure rise rate at high
load operating conditions, low combustion efficiency at low
load operating conditions, increasing system complexity and
highly nonlinear system dynamics and extensive calibration
space. [4, 5]

This work presents a physics-based time-varying RCCI
combustion model capable of real-time simulations and can
predict the start of combustion (SOC), heat-release, and cylin-
der pressure of an RCCI marine engine. The model is fur-
ther extended and improved with a semi-predictive combus-
tion phasing model and a physics-based emission model. The
modelling in this work is part of the simplification of a more
accurate physics-based model called the University of Vaasa
Advanced Thermo-kinetic Multizone Model (UVATZ), devel-
oped by Vasudev et al. [6]. Eventually, this model is controlled
with model-predictive control (MPC) cycle-wise.

The combustion model simulates the RCCI process based
on the values of fuel blend ratio (BR), excess air ratio (λ ), tem-
perature and pressure at IVC, and equivalence ratios of low
and high reactivity fuels (LRF, HRF). Subsequently, it obtains
essential combustion parameters, such as cylinder pressure and
temperature, maximum pressure rise rate, indicated mean ef-
fective pressure (IMEP) and combustion phasing. Addition-
ally, it calculates the emission of NOx, COx and PM based on
the values of aforementioned combustion parameters.

The MPC is chosen due to its ability of solving the op-
timization problem utilizing a moving horizon window [7]
corresponding to a engine cycle in this application. In this
work, MPC is used to control the aforementioned parameters
to maintain cylinder pressure and temperature, and IMEP at
levels optimal over a cycle to achieve low-temperature com-
bustion characteristics, and eventually low emission levels.

The developed system will later be tested on a 4-cylinder
test engine at VEBIC laboratory in Vaasa, which operates on
RCCI and conventional diesel combustion modes.
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