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Abstract

The paper describes a new hybrid power system for vehicles consisting in an Internal Combustion
Engine (ICE) plus a micro steam turbine (MST) that supplies energy to an electric motor. The result of
this hybridization is a reduction in fuel consumption and an improvement in performance efficiency.
The micro steam turbine unit uses the released thermal energy from the ICE to generate water vapor
flow, which is accelerated in a convergent nozzle to increase the kinetic energy, carrying the
accelerated flow to the micro steam turbine. A simulation analysis shows that the hybrid engine
increases the supplied power by 3.4% for a gasoline internal combustion engine vehicle, and by 4.1%
for a diesel. Power gain ratio of a micro steam turbine set regarding lithium battery system is 2.0% for
gasoline ICE and 1.8% for diesel. Regarding the cost, a MST unit is 3.2 times more expensive than a
lithium battery if we compute initial investment; however, the normalized price over the lifespan is
similar, 34.6 €/kWh-year for the battery power system, and 35.3 €/kWh-year for the micro steam turbine
set.

Keywords: Internal Combustion Engine; Micro steam turbine; Vehicle Engine Hybridization; Thermal
Energy Recovery; Improvement of the Coefficient of Performance

INTRODUCTION

Hybrid power sources for today's automobiles mainly consist of an internal combustion engine (ICE)
and an electric motor, which is powered by batteries or fuel cells [1-2]. Among these two options, the
one with batteries is the most representative [3]. Other alternatives, like batteries and supercapacitors
or batteries and fuel cells, are less frequent, representing a low percentage of the hybrid vehicle fleet
market. In conventional hybrid power vehicles equipped with batteries, two configurations appear: the
one where the batteries are charged from a vehicle's built-in electric generator, and the other where the
battery is recharged from the grid. There is a controversy about which option is better since both have
advantages and drawbacks [4—6].

Battery hybrid vehicles suffer from a low extra power due to the reduced size and power of the battery
[7-8], whose main goal is supplying energy to the electric motor to help the combustion engine in the
acceleration process and uphill road, or reduce
engine idling when the vehicle is stopped. Together,
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these features result in better fuel economy without
sacrificing performance [9].

Many works are devoted to study, characterize
and analyze the behavior of a battery hybrid vehicle,
comparing its performance to the conventional ICE
cars, and showing the benefits of using batteries to
reduce fuel consumption, which reduces
environmental impact [10-11]. The alternative of
using fuel cell instead of batteries is more expensive
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and increases maintenance due to the existing problems of fowling and flooding in the fuel cell
membrane [12-14].

A vehicle should be equipped with a powerful electric generator to supply the required energy
demand from the electric motor to avoid external dependence of battery recharging or hydrogen supply
for the fuel cell system [15-17]. This configuration, however, is inefficient since it requires
transforming the mechanical energy from the ICE to electric current, thus reducing the efficiency of the
overall energy conversion process.

An already studied option to generate electricity in hybrid cars derives from using micro gas and
steam turbines [18-21]. These systems operate with compressed natural gas (CNG) or water vapor as
primary fuel, reducing the dependence on diesel or gasoline and lowering the fuel consumption.

In this work, however, we propose to use the released thermal energy from the ICE cooling system
to generate water vapor for a micro steam turbine, which moves an electric generator to produce the
electricity required by the electric motor. The micro steam turbine operates in a closed thermodynamic
cycle at the appropriate pressures and temperatures. The new configuration represents a more complex
design but produces extra power at low energy cost, increasing the global efficiency of the vehicle
power system, lowering fuel consumption, and reducing environmental impact.

SYSTEM DESIGN
Steam turbine operates similarly to conventional units [22], with the only system size difference. A
schematic view of the proposed power system layout is shown in Figure 1.

The terms Qex;, Gs, and g represent the external heat, and vapor and fluid flow.

OPERATIONAL MODE

Looking at Figure 1, the operational mode is as follows:

e Released thermal energy from the combustion process at the internal combustion engine is
dissipated at the cooling radiator

e Thermal energy is transferred from the cooling radiator to a heat exchanger where a heat fluid
carrier, currently water, circulates in a closed loop between the heat exchanger and the boiler

e Energy from the heat fluid carrier is transferred to water at the boiler, thus increasing water
temperature to its maximum compatible level with thermodynamic conditions. Water from the
heat exchanger circuit and the boiler do not mix up since they circulate inside and outside the
heat exchanger section located in the boiler
Water from the micro steam turbine circuit is heated up until evaporated
Water vapor is carried to the micro steam turbine producing mechanical movement, which is
transferred to the electric generator

o Low enthalpy water vapor exits the turbine and enters a condenser to be transformed into liquid
phase
Liquid water is collected from the condenser and stored in a water tank

o Liquid water from the water tank is pumped back to the boiler using a mechanical pump, closing
the circuit

e The current generated at the electric generator powers the electric motor, which is connected to
a power split device

e The internal combustion engine is connected to the power split device through a coupling system
The split device is commanded by a control system, which decides the power source to supply
energy to the drivetrain, ICE, electric motor, or both
The control system follows a manufacturer set-up protocol

e The protocol is based on standard driving patterns and conditions, but can be adapted by the
manufacturer to the specific characteristics of the vehicle; therefore, the protocol is unique for
every vehicle brand and model
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Figure 1. Layout of the vehicle power system.

CONTROL SYSTEM PROTOCOL

Based on previous studies, the control system uses a power management strategy to minimize fuel
consumption and optimize vehicle performance [23-25]. The strategy depends on the powertrain
configuration [26-27], which is characteristic of every car manufacturer, and on the vehicle power
requirements, which depend on the driver’s pattern and driving conditions [28-30].

A standardization process in control system protocol from power management strategy is complex
because of the many intervening variables, acceleration, speed, drag and rolling coefficient, road slope,
route distance, traveling time, traffic congestion, etc. Nevertheless, we can develop a specific protocol
based on defined premises, which apply to almost any case. To do so, we consider the power ratio
between ICE and micro steam turbine as the reference parameter for the protocol.

In current hybrid electric vehicles (HEVs), equipped with an electric motor powered by a lithium
battery, the electric motor is used to boost the vehicle when the battery state of charge (SOC) exceeds
a setup threshold to preserve the battery state of health (SOH) [31], fulfills eco-driving criteria [32], or
matches rules optimization, multi-computing rates, pattern recognition, prediction/estimation, and
intelligent transportation systems (ITS) [33]. In many of the above situations, the vehicle power
requirement threshold is variable because of the dependence on driving and environmental conditions
as well as vehicle characteristics [34], which leaves the connection process of the electric motor subject
to the criteria of the designer of the hybrid electric vehicle, whose main worry is the fuel consumption
lowering [35-36].

In a hybrid ICE/MST system, since the micro steam turbine supplies a limited output power, which
depends on the MST size, with no energy reservoir available, the application criterion of electric motor
engagement should change. On the other hand, the MST system performance depends on the ICE
operation; the greater the power demand of the internal combustion engine and the consumption of the
vehicle, the greater the need to dissipate thermal energy, so the cooling water flow will increase,
resulting in greater power generated in the micro steam turbine system.

According to this statement, we set up the micro steam turbine system state as always engaged,
supplying power up to its limit; nevertheless, to preserve MST durability, we establish 90% of
maximum output power as the operational threshold. The flowchart of Figure 2 shows the control
system protocol.

The condition MST OFF does not mean that the micro steam turbine system is deactivated; the control
system only disengages the MST from the vehicle power train, but the micro steam turbine unit
continues supplying power to the ancillary equipment of the vehicle and auxiliary elements of the
propulsion system. This configuration guarantees the internal combustion engine operation at high
efficiency while ensuring the energy supply to ancillary equipment and auxiliary services.

© STM Journals 2024. All Rights Reserved 11



Micro Steam Turbines for Hybrid Power Source Vehicles C. Armenta-Déu

- ICE currrent
ICE Efficiency output power
(PICE

Heat dissipation
oefficien

Heat
dissipation
(cooling
radiator)

-

Thermal
energy
losses

Heat tranfer
coefficient

MST Efﬁciencg
MST output ﬂm Energy
power energy input  fe— riﬁz‘;‘fry
(PMST) (boiler)
exchanger)

Figure 2. Control system protocol flowchart.

Table 1. Characteristics of diesel and gasoline internal combustion engine.

ICE type ICE Fuel density Fuel combustion Turning speed
(fuel) efficiency (kg/m3) power (MJ/kg) range (rpm)
Diesel 0.3 [37] 860900 [38] 37.1[38] 300-5000 [39]

Gasoline | 0.25[40-41] | 710-770 [42] 46.7 [43] 800-6000 [44]

30 Gasoline
25
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i 15
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Figure 3. Thermal energy release at the cooling radiator of the ICE.

SIMULATION

To run a simulation, we apply standard driving conditions to a regular car equipped with a
conventional internal combustion engine and a low power micro steam turbine unit.

To determine thermal energy released from the ICE cooling system, we apply the following
expression:

gth = Lf 77eng oG (1)

L+ accounts for the specific fuel combustion power, #eng is the ICE efficiency, w is the engine turning
speed, in rpm, and G is the fuel consumption per cylinder stroke.

We consider two ICE types, diesel and gasoline. Table 1 summarizes the main characteristics of the
two types regarding the simulation study.

Applying equation 1 to data in Table 1, we obtain the thermal energy release at the cooling radiator
of the ICE (Figure 3).
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Figure 4. Micro steam turbine system output power.

We notice that gasoline ICE releases more energy than diesel, although the difference is not
important, less than 7%.

We also notice that thermal energy release depends on the engine turning speed, increasing to a
maximum at 3800 rpm, then decreasing.

Considering a heat transfer coefficient of 95% at the heat exchanger and boiler, which is a current
value, and applying a micro steam turbine system efficiency of 15% [45], we obtain the effective output
power from the MST unit as a function of the ICE regime (Figure 4).

Averaging over the entire range of ICE turning speed, we obtain the following values for the diesel
and gasoline engines.

. [2.712kW  (diesel) ,
" 3.105 kW (gasoline) (2)

Now, comparing with current power values from lithium batteries for hybrid electric vehicles,
between 0.8 kW and 1.5 kW, we observe that the micro steam turbine generates between 2.7 (gasoline)
and 2.4 (diesel) more energy than a battery, on average; therefore, the implementation of a MST unit
coupled to the ICE cooling system results in an increase of the available energy from the auxiliary
power source.

In terms of relative gain, the MST unit increases the output power of the hybrid system by 3.4% for
the gasoline engine and 4.1% for the diesel, on average. On the other hand, if we calculate the relative
gain of an ICE/MST system regarding an HEV with a lithium battery, we obtain an increase of 2.0%
for the gasoline engine and 1.8% for the diesel, on average.

Nevertheless, the micro steam turbine system does not show the same power gain evolution as a
hybrid power system equipped with a lithium battery (Figure 5). We observe that the gasoline engine
maintains a constant power gain ratio with positive values over the entire engine turning speed range;
however, for the diesel engine, at low turning speed regime, below 800 rpm, the ICE/MST hybrid
system penalizes the performance reducing the power gain by 2%, on average.

Now, summarizing the comparative analysis of the two hybrid power source systems, ICE plus
lithium battery, and ICE/MST, it results (Table 2):
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Figure 5. Power gain ratio of ICE/MST to ICE-battery system.

Table 2. Comparative results of hybrid power sources for vehicles (average values).

ICE + Li-battery ICE + MST
ICE type — Gasoline | Diesel | Gasoline | Diesel
Output power (kW) 92,951 | 67.979 | 94.857 | 69.491
Power gain (%) - - 34 4.1
Power gain ratio - - 2.0 1.8

DESIGN AND ECONOMIC ANALYSIS

Micro steam turbine implementation in a hybrid internal combustion engine power source suffers
from disadvantages regarding a conventional hybrid model with a lithium battery. Among them, we can
mention a more complex design derived from the many elements the MST unit includes and a higher
investment and cost maintenance. Another problem is the energy requirement to operate the MST
system since the mechanical pump requires electric energy to work. The presence of mobile parts also
increases the maintenance and operation costs, which reduce the global performance of the system.

In economic terms, the profitability of the new system depends on its lifespan. For short operational
times, the system is not economically profitable; however, for long life operating times, economic
profitability is guaranteed.

Comparing prices for micro steam turbine and lithium battery of the same energy capacity, we
observe the battery is less expensive, 277 €/ kWh (301 US$/kWh) (25000 Rs/kWh) [46] than the micro
steam turbine 883 €/kWh (960 US$/kWh) (79700 Rs/kWh) [47-48]. However, the durability of the
MST unit is longer, which compensates for the extra cost; normalizing for 25 years lifespan, we obtain:

_ 34.6 €/kWh-year (Battery)

= 3
35.3 €/kWh-year (Micro Steam Turbine) )

The above results show that lithium battery and MST unit have the same normalized price if we
operate over the system lifespan.

CONCLUSIONS
Micro steam turbine system is a feasible solution to generate electricity in hybrid power systems for

internal combustion engine vehicles.

Micro steam turbine operates under thermal principles using heat recovery from the internal
combustion engine cooling circuit.
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For standard conditions, a micro steam turbine unit generates 2.7 times more energy than a lithium
battery for a gasoline internal combustion engine and 2.4 times more for diesel.

The average power increase using a micro steam turbine is 3.1 kW for gasoline ICE and 2.7 kW for
diesel.

The power gain ratio from micro steam turbine to lithium battery auxiliary power source is 3.4% for
gasoline and 4.1% for diesel, on average.

Micro steam turbine set requires a higher investment, 3.2 times more, but it compensates due to its
longer lifespan; the normalized cost is similar, 34.6 €/kWh-year for the battery, and 35.3 €/kWh-year
for the micro steam turbine.

REFERENCES

1. Fuel types of the new cars. ACEA. Driving mobility for Europe. https://www.acea.auto/fuel-
pc/fuel-types-of-new-cars-battery-electric-12-1-hybrid-22-6-and-petrol-36-4-market-share-full-
year-2022/ [Accessed online: 13/03/2024]

2. Hannah Ritchie (2024) - “Tracking global data on electric vehicles” Published online at
OurWorldInData.org. Retrieved from: ‘https://ourworldindata.org/electric-car-sales' [Accessed
online: 13/03/2024]

3. IEA (2023), Global EV Outlook 2023, IEA, Paris https://www.iea.org/reports/global-ev-outlook-
2023, Licence: CC BY 4.0 [Accessed online: 13/03/2024]

4. Overington, S., & Rajakaruna, S. (2012, June). Review of PHEV and HEV operation and control
research for future direction. In 2012 3rd IEEE International symposium on power electronics for
distributed generation systems (PEDG) (pp. 385-392). IEEE.

5. Fantin lrudaya Raj, E., & Appadurai, M. (2021). The hybrid electric vehicle (HEV)—an overview.
Emerging Solutions for e-Mobility and Smart Grids: Select Proceedings of ICRES 2020, 25-36.

6. Arshad, M. S., & Ashraf, A. (2020). Hybrid Electric Vehicles: a General Overview. International
Journal of Engineering Applied Sciences and Technology, 5(2), 21-26.

7. Vijayagopal, R., Maloney, P., Kwon, J., & Rousseau, A. (2010). Maximizing net present value of
a series phev by optimizing battery size and vehicle control parameters. SAE International Journal
of Passenger Cars-Electronic and Electrical Systems, 3(2010-01-2310), 56-67.

8. Broussely, M. (2010). Battery requirements for HEVs, PHEVSs, and EVs: an overview. Electric and
hybrid vehicles: power sources, models, sustainability, infrastructure and the market, 305-347.

9. US Department of Energy (DOE). Energy Efficiency and Renewable Energy. Alternative Fuel Data

Center. Fuels & Vehicles.
Hybrids.https://afdc.energy.gov/vehicles/electric_basics_hev.html#:~:text=In%20an%20HEV%2
C%20the%20extra,fuel%20economy%20without%20sacrificing%20performance. [Accessed

online: 13/03/2024]

10. Penina, N., Turygin, Y. V., & Racek, V. (2010, June). Comparative analysis of different types of
hybrid electric vehicles. In 13th Mechatronika 2010 (pp. 102-104). IEEE.

11. Elkelawy, M., Alm EIDin Mohamad, H., Samadony, M., Elbanna, A. M., & Safwat, A. M. (2022).
A Comparative Study on Developing the Hybrid-Electric Vehicle Systems and its Future
Expectation over the Conventional Engines Cars. Journal of Engineering Research, 6(5), 21-34.

12. Brunet, J., Kotelnikova, A., & Ponssard, J. P. (2015). The deployment of BEV and FCEV in 2015
(Doctoral dissertation, Department of Economics, Ecole Polytechnique; CNRS).

13. Bekel, K., & Pauliuk, S. (2019). Prospective cost and environmental impact assessment of battery
and fuel cell electric vehicles in Germany. The International Journal of Life Cycle Assessment, 24,
2220-2237.

14. Morrison, G., Stevens, J., & Joseck, F. (2018). Relative economic competitiveness of light-duty
battery electric and fuel cell electric vehicles. Transportation Research Part C: Emerging
Technologies, 87, 183-196.

© STM Journals 2024. All Rights Reserved 15


https://www.acea.auto/fuel-pc/fuel-types-of-new-cars-battery-electric-12-1-hybrid-22-6-and-petrol-36-4-market-share-full-year-2022/
https://www.acea.auto/fuel-pc/fuel-types-of-new-cars-battery-electric-12-1-hybrid-22-6-and-petrol-36-4-market-share-full-year-2022/
https://www.acea.auto/fuel-pc/fuel-types-of-new-cars-battery-electric-12-1-hybrid-22-6-and-petrol-36-4-market-share-full-year-2022/
https://afdc.energy.gov/vehicles/electric_basics_hev.html#:~:text=In%20an%20HEV%2C%20the%20extra,fuel%20economy%20without%20sacrificing%20performance
https://afdc.energy.gov/vehicles/electric_basics_hev.html#:~:text=In%20an%20HEV%2C%20the%20extra,fuel%20economy%20without%20sacrificing%20performance

Micro Steam Turbines for Hybrid Power Source Vehicles C. Armenta-Déu

15.
16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Emadi, A. (2014). Advanced electric drive vehicles. CRC Press.

How can a car with combustion engine be converted into an electric vehicle? Electric Mobility.
Renault Group. Posted 18 November 2019. https://www.renaultgroup.com/en/news-on-
air/news/how-can-a-car-with-combustion-engine-be-converted-into-an-electric-vehicle/ [Accessed
online: 13/03/2024]

Nishana B. B., Puneeth G., Rahul Ganesh S., Vedanth Pandit B.R., Raghunath M.J. and Sushma
S.R. A Study On Conversion Of ICE Vehicle To EV Vidyavardhaka College of Engineering/
Electrical and Electronics Engineering Department, Mysuru, India.
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwif_8Tc2
_GEAXV97rsIHQOgCtwQFnoECCIQAQ&uUrl=https%3A%2F%2Fwww.riverpublishers.com%2F
pdf%2Febook%2Fchapter%2FRP_P9788770229630C3.pdf&usg=A0vVawlQeoeiY4McO3qo3Y
WB1uvP&opi=89978449 [Accessed online: 13/03/2024]

Karvountzis-Kontakiotis, A., Andwari, A. M., Pesyridis, A., Russo, S., Tuccillo, R., & Esfahanian,
V. (2018). Application of micro gas turbine in range-extended electric vehicles. Energy, 147, 351-
361.

De Paepe, W., Montero Carrero, M., Pappa, A., Bricteux, L., & Contino, F. (2019, June).
Humidified Micro Gas Turbine for Range Extended Electric Vehicles: Thermodynamic
Performance Assessment. In Turbo Expo: Power for Land, Sea, and Air (Vol. 58608, p.
VVO03T06A016). American Society of Mechanical Engineers.

Tan, F. X., Chiong, M. S., Rajoo, S., Romagnoli, A., Palenschat, T., & Martinez-Botas, R. F. (2017).
Analytical and experimental study of micro gas turbine as range extender for electric vehicles in
Asian cities. Energy Procedia, 143, 53-60.

Balanescu, D. T., Homutescu, V. M., & Popescu, A. (2018, November). Micro gas and steam
turbines power generation system for hybrid electric vehicles. In IOP Conference Series: Materials
Science and Engineering (Vol. 444, No. 8, p. 082022). IOP Publishing.

Boost your steam system performance. NLINEENERGY. https://www.nlineenergy.com/thermal/
[Accessed online: 13/03/2024]

Chau, K. T., & Wong, Y. S. (2002). Overview of power management in hybrid electric vehicles.
Energy conversion and management, 43(15), 1953-1968.

Montazeri-Gh, M., & Mahmoodi-k, M. (2015). Development a new power management strategy
for power split hybrid electric vehicles. Transportation Research Part D: Transport and
Environment, 37, 79-96.

Onori, S., Serrao, L., & Rizzoni, G. (2016). Hybrid electric vehicles: Energy management strategies
(Vol. 13). London, UK: Springer.

Varga, B. O. (2012). Energy management of electric and hybrid vehicles dependent on powertrain
configuration. Central European Journal of Engineering, 2, 253-263.

Bayindir, K. C., Gozukucuk, M. A., & Teke, A. (2011). A comprehensive overview of hybrid
electric vehicle: Powertrain configurations, powertrain control techniques and electronic control
units. Energy conversion and Management, 52(2), 1305-1313.

Liu, T., Tan, W., Tang, X., Zhang, J., Xing, Y., & Cao, D. (2021). Driving conditions-driven energy
management strategies for hybrid electric vehicles: A review. Renewable and Sustainable Energy
Reviews, 151, 111521.

Jeon, S.1.,Jo,S. T., Park, Y. I., & Lee, J. M. (2002). Multi-mode driving control of a parallel hybrid
electric vehicle using driving pattern recognition. J. Dyn. Sys., Meas., Control, 124(1), 141-149.
Fantin Irudaya Raj, E., & Appadurai, M. (2021). The hybrid electric vehicle (HEV)—an overview.
Emerging Solutions for e-Mobility and Smart Grids: Select Proceedings of ICRES 2020, 25-36.
Wei, Z., Xu, J., & Halim, D. (2017). HEV power management control strategy for urban driving.
Applied Energy, 194, 705-714.

Zhang, F., Hu, X,, Langari, R., & Cao, D. (2019). Energy management strategies of connected
HEVs and PHEVSs: Recent progress and outlook. Progress in Energy and Combustion Science, 73,
235-256.

© STM Journals 2024. All Rights Reserved 16


https://www.renaultgroup.com/en/news-on-air/news/how-can-a-car-with-combustion-engine-be-converted-into-an-electric-vehicle/
https://www.renaultgroup.com/en/news-on-air/news/how-can-a-car-with-combustion-engine-be-converted-into-an-electric-vehicle/
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwif_8Tc2_GEAxV97rsIHQ0gCtwQFnoECCIQAQ&url=https%3A%2F%2Fwww.riverpublishers.com%2Fpdf%2Febook%2Fchapter%2FRP_P9788770229630C3.pdf&usg=AOvVaw1QeoeiY4McO3qo3YWB1uvP&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwif_8Tc2_GEAxV97rsIHQ0gCtwQFnoECCIQAQ&url=https%3A%2F%2Fwww.riverpublishers.com%2Fpdf%2Febook%2Fchapter%2FRP_P9788770229630C3.pdf&usg=AOvVaw1QeoeiY4McO3qo3YWB1uvP&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwif_8Tc2_GEAxV97rsIHQ0gCtwQFnoECCIQAQ&url=https%3A%2F%2Fwww.riverpublishers.com%2Fpdf%2Febook%2Fchapter%2FRP_P9788770229630C3.pdf&usg=AOvVaw1QeoeiY4McO3qo3YWB1uvP&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwif_8Tc2_GEAxV97rsIHQ0gCtwQFnoECCIQAQ&url=https%3A%2F%2Fwww.riverpublishers.com%2Fpdf%2Febook%2Fchapter%2FRP_P9788770229630C3.pdf&usg=AOvVaw1QeoeiY4McO3qo3YWB1uvP&opi=89978449
https://www.nlineenergy.com/thermal/

Journal of Automobile Engineering and Applications
Volume 11, Issue 1
ISSN: 2455-3360

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Ali, A. M., & Soffker, D. (2018). Towards optimal power management of hybrid electric vehicles
in real-time: A review on methods, challenges, and state-of-the-art solutions. Energies, 11(3), 476.
Tie, S. F., & Tan, C. W. (2012, June). A review of power and energy management strategies in
electric vehicles. In 2012 4th International Conference on Intelligent and Advanced Systems
(ICIAS2012) (Vol. 1, pp. 412-417). IEEE.

Kessels, J. T. B. A. (2007). Energy management for automotive power nets.

Williamson, S. S. (2013). Energy management strategies for electric and plug-in hybrid electric
vehicles (pp. 7-13). New York: Springer.

Rose, Brenda. What is the efficiency of a typical diesel engine? Medium. Posted 22/10/2023
https://medium.com/@Breadarose/what-is-the-efficiency-of-a-typical-diesel-engine-
576ce37700af [Accessed online: 15/03/2024]

Konrad Reif (ed.): Dieselmotor-Management im Uberblick. 2nd edition. Springer, Wiesbaden 2014,
ISBN 978-3-658-06554-6. p. 53

Ginter Mau: Handbuch Dieselmotoren im Kraftwerks- und Schiffsbetrieb, Vieweg (Springer),
Braunschweig/Wiesbaden 1984, ISBN 978-3-528-14889-8. p. 15
https://www.epa.gov/sites/default/files/2018-10/documents/high-efficiency-ic-engine-sae-2018-
04.pdf [Accessed online: 15/03/2024]

Dahham, Rami Y.; Wei, Haigiao; Pan, Jiaying (2022). "Improving Thermal Efficiency of Internal
Combustion Engines: Recent Progress and Remaining Challenges”. Energies. 15 (17): 6222.
d0i:10.3390/en15176222.

Bell Fuels. "Lead-Free gasoline Material Safety Data Sheet”. NOAA. Archived from the original
on 20 August 2002. http://www.sefsc.noaa.gov/HTMLdocs/Gasoline.ntm [Accessed online:
15/03/2024]

http://www.sefsc.noaa.gov/HTMLdocs/Gasoline.htm [Accessed online: 15/03/2024]

What is the normal RPM range for cars? Acko Drive. Posted 07/06/2022 https://ackodrive.com/car-
guide/what-is-rpm/ [Accessed online: 15/03/2024]

Barney L. Capehart (Dec 22, 2016). "Microturbines". Whole Building Design Guide. National
Institute of Building Sciences.

Introducing CAML 2X Battery Life. Loom Solar. https://www.loomsolar.com [Accessed online:
15/03/2024]

1 kW -5 kW Micro Steam Turbine NSEG-01. Indiamart. https://www.indiamart.com/proddetail/1-
0-kw-micro-steam-turbine-20097346730.html [Accessed online: 15/03/2024]

Mini Steam Powered Generating Sets. Claverton Energy Research Group. https://claverton-
energy.com/mini-steam-power-plant-of-10-kw-with-18-hp-steam-engine-3kw-steam-power-plant-
with-8-hp-steam-engine-to-run-on-renewable-energy.html [Accessed online: 15/03/2024]

© STM Journals 2024. All Rights Reserved 17


https://medium.com/@Breadarose/what-is-the-efficiency-of-a-typical-diesel-engine-576ce37700af
https://medium.com/@Breadarose/what-is-the-efficiency-of-a-typical-diesel-engine-576ce37700af
https://en.wikipedia.org/wiki/ISBN_(identifier)
https://en.wikipedia.org/wiki/Special:BookSources/978-3-658-06554-6
https://en.wikipedia.org/wiki/ISBN_(identifier)
https://en.wikipedia.org/wiki/Special:BookSources/978-3-528-14889-8
https://www.epa.gov/sites/default/files/2018-10/documents/high-efficiency-ic-engine-sae-2018-04.pdf
https://www.epa.gov/sites/default/files/2018-10/documents/high-efficiency-ic-engine-sae-2018-04.pdf
https://doi.org/10.3390%2Fen15176222
https://doi.org/10.3390%2Fen15176222
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.3390%2Fen15176222
https://web.archive.org/web/20020820074636/http:/www.sefsc.noaa.gov/HTMLdocs/Gasoline.htm
https://en.wikipedia.org/wiki/NOAA
http://www.sefsc.noaa.gov/HTMLdocs/Gasoline.htm
http://www.sefsc.noaa.gov/HTMLdocs/Gasoline.htm
http://www.sefsc.noaa.gov/HTMLdocs/Gasoline.htm
https://ackodrive.com/car-guide/what-is-rpm/
https://ackodrive.com/car-guide/what-is-rpm/
https://www.wbdg.org/resources/microturbines
https://en.wikipedia.org/wiki/Whole_Building_Design_Guide
https://en.wikipedia.org/wiki/National_Institute_of_Building_Sciences
https://en.wikipedia.org/wiki/National_Institute_of_Building_Sciences
https://www.loomsolar.com/
https://www.indiamart.com/proddetail/1-0-kw-micro-steam-turbine-20097346730.html
https://www.indiamart.com/proddetail/1-0-kw-micro-steam-turbine-20097346730.html
https://claverton-energy.com/mini-steam-power-plant-of-10-kw-with-18-hp-steam-engine-3kw-steam-power-plant-with-8-hp-steam-engine-to-run-on-renewable-energy.html
https://claverton-energy.com/mini-steam-power-plant-of-10-kw-with-18-hp-steam-engine-3kw-steam-power-plant-with-8-hp-steam-engine-to-run-on-renewable-energy.html
https://claverton-energy.com/mini-steam-power-plant-of-10-kw-with-18-hp-steam-engine-3kw-steam-power-plant-with-8-hp-steam-engine-to-run-on-renewable-energy.html

