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1. Introduction 
 

The main objective of work package three (WP3) is to develop innovative methods to enhance 

aerodynamic, mechanical and electrical aspects of MGTs and utilization of new materials to develop 

suitable storage systems to enable effective MGT system operation.  

 

Three early-stage researchers (ESRs) are involved in this work package. The section below provides an 

overview of the ESRs’ expected R&D activities within the frame of the project: 

 

WP3: System components innovations and integration with power systems and energy storage  

 

The focus is to investigate innovations in system component design and integration with power systems 

and energy storage for improved overall performance, increased reliability, reduced cost and flexibility for 

back-up of intermittent renewables. 

 

ESR10 (CITY) will be concerned with the optimisation of the whole electrical system, consisting of power 

electronics, high-speed electrical generator and the control system. The aim of the research is to investigate 

innovative configurations that will significantly reduce the size and cost of the electrical unit, whilst 

achieving a high overall electrical efficiency (> 95%).  

 

ESR11 (AUTH) will investigate the use of compressed metal foam to enhance the heat transfer efficiency 

in compact heat exchangers and new CMCs in advanced MGT systems. In addition to developing suitable 

design and optimisation methods for heat exchangers, this project will explore cost and environmental 

compatibility of next generation materials for the next generation MGT systems.  

 

ESR12 (UNIGE) will study high temperature energy storage solutions for MGT systems as well as 

electrochemical storage technologies and the requirements for effective integration with MGTs in 

applications such as CSP. The output from this ESR will be an optimised management strategy for the 

MGT-energy storage system, considering both cost and efficiency.  

 

Ultimately, when the innovations are brought together into a single system, the cumulative effect will be to 

achieve the desired step change in MGT technology. 

 

The tasks, deliverables and milestones of the current periodic reporting are mainly focusing on state-of-the-

art studies carried out by the ESRs. However, preliminary results from modelling and experimental work 

have also been reported in the report.  

 

This report relates to the work provided by ESR10 at CITY which completes the deliverable of the critical 

review of “Technological advances in electrical and electronic parts and control system”. 
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2. Overview 
 

2.1 Scope 
 

In small-scale power generation, micro gas turbine (MGT) generating systems have outperformed rival 

technologies (e.g., reciprocating engines). MGT generating system comprises of two main parts: 

mechanical and electrical. A permanent magnet synchronous machine (PMSM) and power electronics 

components such as power converters (a rectifier and an inverter or two bidirectional converters) compose 

up the electrical setup of the microturbine. Microturbine power electronics components are built to satisfy 

the needs of highly efficient electrical energy production and conversion. In microturbines, the power 

converter is an important element of the power electronics components. The rapid advancement of power 

electronics in today's market calls for the development of high-performance power conversion systems 

capable of providing higher efficiency operating in MGTs. Therefore, identifying some of the advancement 

that has been done in the power electronics configurations and investigating their applicability in micro gas 

turbine systems is crucial. New efficient technologies have been deployed in recent years in other 

applications other than microturbines like electric vehicles and others. Silicon Carbide has largely 

supplanted silicon as regards the production and the utilization of many devices, such as metal–oxide–

semiconductor field-effect transistors (MOSFETs), diodes, Insulated-gate bipolar transistors (IGBTs) and 

many others. Silicon Carbide (SiC) devices have a low reverse recovery charge, a high carrier saturation 

velocity that allows for high-frequency operation, and a high breakdown voltage. These devices can 

function at high temperatures and attain high voltages and currents because of their excellent thermal 

conductivity and wide bandgap. This work aims to give an overview of the state of the art of the current 

advancements in power electronics components, a background on the research project and the overall aim 

and specific objectives.  
 

The basic components of a microturbine generating system can be categorized into two parts: mechanical 

and electrical.  

 

Figure 1:  Topology of a Micro Gas Turbine Generation System [4] 
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As seen in Figure 1:  Topology of a Micro Gas Turbine Generation System [4], microturbines' mechanical 

components generally include an air compressor, combustor, turbine, and recuperator. The electrical part is 

primarily composed of a permanent magnet synchronous machine (PMSM) and power electronics 

components such as two bidirectional power converters or a rectifier and an inverter. 

 

The compressor, turbine, and generator are all housed on a single shaft in microturbines. The turbine drives 

the compressor, which compresses the air, and the generator simultaneously [5]. The compressor of a 

microturbine pushes air into a recuperator, which recovers heat from the exhaust gas. The heated air is 

blown into the combustor chamber, where it receives fuel injection. The combusted mixture expands in the 

combustor chamber, causing the turbine and shaft to rotate and generate electricity through the permanent 

magnet synchronous machine (PMSM). 

 

2.2 Microturbine Power Conversion Technology 

 
Power electronics components in microturbines are designed to meet the demands of efficient electrical 

energy generation and conversion. The power converters (rectifiers and inverters) are the prominent parts 

of the power electronics components in microturbines units. The overall general design of a typical power 

electronic converter system is shown in Figure 2: Typical Electrical Power Converter Design. 

 

Figure 2: Typical Electrical Power Converter Design [6] 

Input voltage 𝑣𝑖𝑛, input current 𝑖𝑖𝑛, and input side frequency 𝑓𝑖𝑛 indicate the inputs of the electrical power 

in the power converter, whereas output voltage 𝑣𝑜, output current 𝐼𝑜, and output side frequency 𝑓𝑜 represent 

the output electrical power. Figure 2: Typical Electrical Power Converter Design [6] depicts the power and 

control phases, with the top and lower blocks correspondingly labelled. Passive components, such as 

capacitors, resistors, and inductors, are part of the power stage. Depending on the capabilities of the devices 

and the application requirements, the switching devices are switched on and off at a frequency ranging from 

hundreds of Hz to hundreds of MHz. The switching process of such devices or any other process, in either 

electrical or mechanical parts in the MGT unit, that require controlling is controlled by the controller which 

is driven by a specific control strategy.  

 

In general, the component-level performance of the MGT units, such as the applied circuit topology of the 

power electronics components and the utilised control strategy, determines the system-level performance 
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of the MGT units. As a matter of fact, both power electronics components and their controllers should act 

appropriately to fulfil supply and demand requirements while also optimising MGT performance [7].  

 

2.3 Power Converters Topologies 
 

The power conversion of a microturbine can be accomplished using either two bidirectional converters or 

a rectifier and an inverter. The circuits of power converters are composed of semiconductors, mainly diodes. 

To illustrate more, Figure 3:Three-Phase bidirectional Power Converter Topology shows the structure of a 

three-phase bidirectional AC-DC converter. The bidirectional AC-DC converter is made up of 6 Insulated-

gate bipolar transistor (IGBT) diode switches (S1-S6) that are linked to a three-phase AC voltage source 

through series filter inductance (Ls) and resistance (Rs). 

 

The bidirectional AC-DC converter has two modes of operation. The first mode is rectifier mode, in which 

the bidirectional AC-DC converter functions as a front-end rectifier, transferring power from the three-

phase AC voltage end to the DC voltage bus. The second mode is inverter mode, in which power flows 

from the DC voltage bus to the three-phase AC voltage end of the converter, and the converter operates as 

a voltage source inverter [8]. 

 

Figure 3:Three-Phase bidirectional Power Converter Topology [8] 

 

2.4 Knowledge Gap 
 

The diodes used in configurating the topology of the power converters in microturbines are based on Silicon 

(Si) devices such as Si-based IGBTs [9]. In literature, it was not reported any work related to utilising SiC 

in the power electronics components of microturbines instead of Si. While, in other applications such as 

electric vehicles and aeroplanes, silicon devices have been replaced by silicon carbide (SiC) devices to 

configurate their power converters [10], [11]. Why SiC devices are being used instead of Si-based devices 

is a probable question here. This question can be answered in the next section which addresses the 

technology of the silicon carbide devices.  

 

2.5 Silicon Carbine Technology 
 

Innovative materials have replaced traditional silicon power devices with the introduction of new efficient 

power devices. Power devices based on silicon carbide (SiC) might be described as the future of electronics. 
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These devices are distinguished by their high switching frequency, minimal power losses, and high voltages 

[12], [13]. They may be used to generate high power and operate at high temperatures because of their 

excellent thermal conductivity and wide bandgap. These are the reasons why SiC plays an important role 

in the implementation of new technology applications such as high-efficiency converters [14], [15], power 

systems for aircraft [16], [17], photovoltaic converters [18], [19], chargers [20], and power supplies for 

renewable energy systems [21].  SiC devices outperform silicon devices in terms of electrical and thermal 

properties. They have a high working junction temperature capability, a low on-state resistance, and 

exceptionally low gate charge and input capacitance, allowing for efficient power converters in a small 

package. 

 

2.6 Efficiency and Power Losses in Si and SiC Power Converters 
 

Figure 4: Power losses comparison of a rectifier with Si IGBT and SiC MOSFET demonstrates the major 

forms of losses in a rectifying circuit and the efficiency comparison of the rectifier with Si IGBT and SiC 

metal–oxide–semiconductor field-effect transistor (MOSFET) at the same voltage level and the 

same control mode. The efficiency of rectifiers equipped with SiC devices is 2.6 per cent greater than that 

of rectifiers supplied with Si devices [22]. Further research is required to investigate if employing SiC in 

the microturbines' power converters may minimize their power losses and improve their electrical 

efficiency. 
 

 
Figure 4: Power losses comparison of a rectifier with Si IGBT and SiC MOSFET [22] 

 

2.7 Power Density in SiC power Converters 
 

Virginia Tech produced a 15 kW 650 V DC/230 V AC three-phase rectifier by replacing all Si devices with 

SiC JFETs for an aircraft application. The volumetric power density of 6.3 kW/L successfully increased by 

two kW/L [10]. In microturbines, more specifically, T100, an Ansaldo Energia MGT, takes up more than 

a third of the setup volume [23].  

Figure 5: Ansaldo Energia T100 MGT system for CHP applications [24] may give clearer vision of the 

generator size compared to the overall size of the microturbine. Further investigations on the potential of 

reducing the unit size of microturbine’s generator when utilising SiC in their power converters are required.  
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Figure 5: Ansaldo Energia T100 MGT system for CHP applications [24] 

 

2.8 Research Question 
 

The question open for investigation is: What would be the power loss minimization, unit size reduction, 

and efficiency improvement when substituting Silicon-based power converters in microturbines with 

Silicon Carbide power converters? 
 

3. Literature Review 
 

3.1 Introduction 
 

This survey aims to perform a critical review of related research. The focus of the literature review in this 

report can be categorised into two main parts. The first sections go through some of the power electronics 

advancements that has been done in the power electronics configurations as this work will investigate some 

of these advancements’ applicability in micro gas turbine applications. The focus of the latter sections in 

this survey is on the impact of different control and operating strategies on the functioning of micro gas 

turbines. Indeed, both mechanical and power electronics components and their control system must work 

effectively to meet supply and demand requirements while enhancing the MGT's electrical performance. 

 

3.2 Power Electronics Advancements 
 

Over the last five decades, the power electronics sector has focused on efficiency and power density. Power 

semiconductor technology, circuit topologies, and control approach significantly impact efficiency and 

power density. The history of power semiconductors and power electronics are shown in Figure 6: 

Historical development of power semiconductors and power electronics which has been extracted from an 

article on the reliability of power electronics [25].  

 

Silicon carbide's high junction temperature, low power losses, and exceptional thermal stability make them 

an attractive proposition for power converters. Therefore, state of the art in progressions in silicon-carbide 

power electronic devices will be the centrepiece of this category of literature. 
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Figure 6: Historical development of power semiconductors and power electronics 

 

3.2.1 Advancement of SiC Devices and their Thermal Capability 
 

In 2001, Infineon developed the first commercial SiC Schottky barrier diode (SiC-SBD), with high blocking 

voltage, improved thermal stability, and less reverse recovery time. This cleared the door for SiC power 

devices to be developed in the area of power electronics. Since then, more standalone devices and power 

modules have steadily appeared [26]. GeneSiC and Micross components offered SiC bipolar junction 

transistor (BJT) with junction temperatures up to 210 °C till 2014. At the research and development stage, 

the working junction temperature of SiC-SBD may reach 300 °C, and the performance of SiC positive-

negative (P-N) diode has also been proven at 600 °C. 

 

SiC MOSFETs, the most market-oriented SiC devices at this time, feature a high switching speed and a low 

on-resistance. Palmour et al. from North Carolina State University (NCSU) in the United States created the 

world's first high-temperature depletion layer N-channel MOSFET in 1987. Brown et al. from GE then built 

a simulated operational amplifier (OPA) utilising depletion MOSFETs that operate at 300 °C. Purdue 

University disclosed a SiC digital integrated circuit with a maximum temperature of 350 °C in 2011, 

although the gate leakage current would rapidly increase as the temperature rises. Commercial SiC 

MOSFETs can now function at temperatures up to 200 °C [27]. 

 

SiC bipolar junction transistors (BJTs), unlike SiC MOSFETs, have high reliability and are suitable for 

high-temperature operations. GeneSiC's commercialised 1200V SiC BJT that can endure temperatures of 

up to 210 °C, the highest level on the market. SiC junction field-effect transistors (JFETs) have been 

developed since the 1990s, with the first commercial SiC JFETs appearing around 2006. Semi South SiC 

JFETs packed by Micross can withstand up to 200 °C temperatures [28]. Figure 7: Maximum endurance 

operating temperatures of Si and SiC devices compares the maximum tolerable temperature for commercial 

power electronic devices at this stage. The data in Figure 7: Maximum endurance operating temperatures 

of Si and SiC devices are extracted from reference [28]. 
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Figure 7: Maximum endurance operating temperatures of Si and SiC devices in market 

SiC devices with a large band gap may theoretically allow high voltage and high operating temperatures. 

However, not all materials' thermal capabilities have attained the same level of technical maturity. Most 

commercial SiC devices have a maximum working junction temperature of only 210 °C. Tennessee 

University created a 1.2 kV/100 A SiC JFET power module that operates at 200 °C. Scholars of [29] present 

a 1.2 kV/60 A SiC MOSFET with improved internal architecture at an operating frequency of 100 kHz and 

junction temperature of 200 °C. Researchers of [30] present a SiC power module with a junction 

temperature of 250 °C developed for military hybrid electric vehicle applications. Some discrete devices 

and integrated circuits have been proven in the laboratory to work at temperatures exceeding 500 °C for a 

limited period of time [31]. The material and manufacturing of SiC devices are still being researched in 

order to build high-temperature commercial SiC devices and modules. 

 

3.2.2 Power Losses in SiC Power Converters 
 

In [32], the authors investigate the different behaviour of Si and SiC power MOSFETs in terms of power 

losses for a DC-DC isolated converter in the automotive field using PowerSIM software simulation tests. 

The converter operation was simulated using Pulse-width modulation (PWM) control at various switching 

frequencies up to 600 kHz. It has been noticed that SiC devices perform better in terms of efficiency at the 

highest frequencies. However, from 20 kHz to 400 kHz, where switching power losses are low, the 

efficiency measured by SiC devices is lower than the efficiency measured by Si devices because Si 

MOSFETs' channel resistance is lower than the SiC channel resistance, so SiC conduction power losses are 

higher than Si ones. Yet, switching power losses grow with frequency: since reverse recovery parameters 

in SiC devices are lower than those in Si.  Switching power losses in SiC devices measured from 400 kHz 

to 600 kHz are lower than those in Si as shown in Figure 8: Efficiency curves based on SiC and Si. 

Reproduced from . It has also been found that running at high frequency allows for significant weight and 

size reductions in filters and transformers. 
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Figure 8: Efficiency curves based on SiC and Si. Reproduced from [32] 

3.2.3 Power Density in SiC Power Coverters 
 

For an aeroplane application, Virginia Tech developed a 15 kW 650 V DC/230 V AC three-phase rectifier 

by replacing all Si devices with SiC JFETs. The 6.3 kW/L volumetric power density was successfully raised 

by two kW/L [10]. 

 

3.2.4 SiC Power Electronics Adoption in Microturbines 
 

The use of silicon carbide devices has been extremely reported for different applications such as electric 

vehicles, electric aeroplanes, and wind turbines [10], [11], [26], [33]. For instance, Chinese automakers 

BYD and Toyota have begun using SiC MOSFETs in the traction inverter of their newest Mirai Fuel cell 

electric vehicles (FCEV) models. Hyundai and Kia also use Hyundai's battery-electric vehicle (BEV) 

platform to ship cars with SiC-based systems. Several Tier 1 suppliers, like BorgWarner and Denso, are 

working on SiC-based inverters [11]. For more information about the battery capacity and motor power of 

such vehicles, please see Figure 9: SiC and Si Adoptions in Electric Vehicles (EV).  
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Figure 9: SiC and Si Adoptions in Electric Vehicles (EV) [11] 

Although, silicon carbide power devices have received increased attention due to their better properties than 

silicon-based power devices, the potential of SiC devices has not been reported in the literature for MGT 

power conversion technology. SiC-based power devices can operate at high voltage, high power, high 

frequency, and high temperature in a compact size. A SiC-based power converter would have lower losses, 

greater efficiency, a unit size reduction, fewer passive components, and less vulnerability to excessive 

ambient heat. SiC-power devices would undoubtedly assist microturbine power converters. More research 

is needed to establish the system-level advantages of SiC devices in microturbine power converter 

applications. 

 

3.3 Control Strategies in Micro Gas Turbine Generation Systems 
 

This survey's subsequent sections look at the various control and operational strategies employed in micro 

gas turbines. In order to meet supply and demand requirements while improving the MGT's electrical 

performance, mechanical and power electronics components and their control systems must work 

successfully.  

 

In [34], a voltage controller, speed controller, and active power controller regulate load based on the MGT 

system's performance. To supply individual resistive-inductive (RL) loads and link to the distributed 

network, [35] explains dynamic modelling and active power regulation. A complete MGT components and 

controllers model is presented in [36], along with a unique P-V control approach. Recent research has 

concentrated on hybrid micro-grids, which combine renewable energy sources with backup generators such 

as MGTs or diesel generators and Battery Energy Storage (BES). Dynamic modelling, energy management, 

and control of isolated power production using a microturbine, a tidal turbine, an offshore wind turbine, 

and lead-acid battery storage are discussed in [37]. As a backup generator, the MGT with battery is 

employed. It is used in various control approaches to managing the hybrid system's optimum size and 
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maximum energy extraction from the wind turbine. The photovoltaic (PV) system coupled with the MGT 

is recommended in [38] for achieving high dependability and continuous power supply with reduced 

pollution. The performance of a Solid Oxide Fuel Cell (SOFC) connected with four commercially available 

microturbines at full, and part load has been reported [39]. A rural micro-grid might be powered by a mix 

of SOFC and microturbines, according to [40]. Biogas serves as the microturbine's fuel, and the inverter 

acts as a hybrid power system's interface. In any case, the MGT with energy storage system (ESS) may be 

employed as a standalone distributed generating system to assure power availability at load terminals. 

 

Authors of [41] proposed a system architecture of MGT and supercapacitor (SC) energy storage system 

(ESS) hybrid power generation to solve the pulsed power load (PPL) problem in the traditional MGT power 

generation system. There were two types of dual power supply coordination control algorithms presented. 

One example is the PI-based algorithm for hysteresis control of the DC bus voltage using SC ESS. This 

approach efficiently suppresses DC bus voltage fluctuation; however, it is a passive response control, and 

the DC bus voltage continues to fluctuate. The second one is the fast power dynamic response of SC ESS, 

which can compensate for the low dynamic response of MGT, making the hybrid generation system in an 

equilibrium state of transient power in real-time. This control method offers the benefits of quick and 

balanced power distribution, and it was presented based on load conditions, with no effect from the charging 

process. It was shown that the mixed power supply's two control algorithms are in a real-time instantaneous 

power equilibrium condition and that the voltage of the DC bus is smooth. The second strategy has a lower 

DC bus voltage fluctuation and a quicker reaction time. The SC ESS power supply can change the charging 

power based on the load condition, and it has no effect on MGT throughout the charging process. 

 

PPL is widely seen in distributed generating systems. PPLs such as electromagnetic weapons, 

electromagnetic launching systems, and free-electron lasers are used in the ship power system explored in 

[2], [42]. The oilfield drilling microgrid also has a winch load. According to reference [96], PPL produces 

considerable fluctuations in the frequency of an AC microgrid, huge sags in the voltage of a DC microgrid, 

and potentially system instability. This has implications for the restricted energy system for self-sufficient 

or distributed power production [43]–[45]. An effective way to solve the problem of PPL is to add a fast 

charge and discharge energy storage device to the prime mover generation system to make up for the lack 

of output power. The supercapacitor is a double-layer energy storage media that does not undergo the 

Faraday reaction and has properties such as high-power density, extended cycle life, a broad operating 

temperature range, and so on [46], [47]. As a result, it has found widespread use in distributed power 

production systems such as fuel cells, electric cars, and wind power generation, where it primarily handles 

the dynamic response issue of power generation equipment [48], [49]. In [41], because of the introduction 

of ESS, the issue of PPL has become an ESS control problem. If not managed appropriately, charging of 

ESS will still lead to substantial voltage and frequency disruptions. The corresponding cooperative control 

approach is classified into two types. One uses the precise description of output power characteristic of 

power generation equipment [50], while the other is that there is no need to know the accurate characteristic. 

Due to easy implementation, control algorithms without precise output power information are widely used 

to smooth output power of power generation systems, such as PI control, droop control, and so on [51]–

[53]. These controls are typically used to generate reference current for capacitance-type ESS charging. 

Control method selection and controller design decide the difficulties, and maximum power output and 

smooth output power may be accomplished. Only a few research articles currently integrate SC ESS with 

MGT power production systems to tackle the PPL issue. To achieve outstanding performance, SC ESS 

must produce or absorb the appropriate amount of power in the proper time, based on the output power 

characteristics of the MGT power production system. As a result, the hybrid generating system's power 

stability may be maintained, and the DC bus voltage remains constant, as suggested in [41]. 

 

For further illustration of the meaning of PPL, the change of active power of load is shown in Figure 10: 

Active Power of Pulse Power Load [41]. It can be observed that the load jumped by 50% in 2 seconds. 

Also, the unloading procedure is faster where the load is decreased by 100% in 2 seconds. Based on 
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experiment findings from [45], the results show that the MGT output power change speed is sluggish, and 

the recovery time is fairly long, falling short of the PPL change speed.  

 

 
Figure 10: Active Power of Pulse Power Load [41] 

 

3.3.1 Controllers in Steady State and Dynamic Models in MGTs 

 
Model-based controller design strategies may help speed up the development of a cutting-edge controller 

for micro gas turbines. The dynamic behaviour of MGTs may be described using time-domain models [54] 

and frequency-domain models [55]. To illustrate the dynamic behaviour of MGTs acquired from 

identification from experiment data or a nonlinear black-box model, a state-space model [56], [57], a 

transfer function model [58], and a linear parameter varying model [59] are suggested. These models are 

simplified, and as a result, some crucial micro gas turbine behaviour may be lost. The accuracy of 

identification is determined by the collected data and the kind and quantity of the exploration signal fed 

into the nonlinear black-box model. 

 

Furthermore, artificial intelligence technology proposes surrogate models to define the behaviour of MGTs, 

such as a neural network model [59]–[61], a NARX model [62], a Markov model [63], and a Wiener model 

[64]. Surrogate models may also be derived from mass experiment data with a limited sampling time. On 

the other hand, surrogate models make it difficult to predict unmeasurable MGT characteristics such as 

safety operating margin and turbine input pressure. Although operational data from an industrial situation 

may be used to create a sophisticated gas turbine model, such data cannot adequately represent the 

properties of a micro gas turbine. Without standard documentation data given by the original equipment 

manufacturer (OEM), the control system upgrade of outdated gas turbines may not perform well and may 

potentially result in an accident [65]. Many different ways to describe the dynamic behaviour of a gas 

turbine have been developed [66]–[68]. Because a zero-dimensional (0-D) model can mimic high-quality 

and quick steady-state and transient-state behaviour, it is frequently utilised in controller design and model-

based fault diagnostics [69]. 

 

The iterative constant mass flow (ICFM) approach [70], [71] and the inter-component volume (ICV) 

method [72] are the two basic methods for establishing the 0-D model for gas turbine simulations. Both 

have been widely researched [73]–[76]. The ICFM approach has two drawbacks. For starters, the model's 

permissible initial estimated values are computed over several iterations, which is insufficient for real-time 

condition monitoring and dynamic performance prediction. To be more explicit, the ICFM technique 

minimises observed errors by modifying the initial estimated values using the Newton – Raphson iterative 
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method [77]. Second, the ICFM method's premise is inappropriate for analysing the performance of 

dynamic manoeuvres. Although this is a reasonable assumption for steady-state performance analysis, the 

fuel flow delivered into the combustor is disregarded when the steady-state conditions are computed. Thus, 

with the help of a model established by the ICFM method, controllers designed by engineers can satisfy 

control performance at the steady-state points. Transient-state control performance, on the other hand, may 

deteriorate. As a result, improving the controller's resilience is an inescapable concern. Controller designers 

do their utmost to ensure that the gas turbine operates safely under transient state situations to counter the 

limitations described above. A sliding mode controller, a proportional-integral controller, and a fuzzy 

controller are among the controllers suggested. Classical proportional-integral (PI) controllers and variable 

gain PI controllers are commonly used in gas turbines to provide dependable transient-state and steady-

state manoeuvre control [78]. A fractional proportional-integral controller, for example, outperforms a 

traditional proportional-integral controller [78]. The tuning and optimisation of the fractional proportional-

integral controller settings, on the other hand, is a difficult problem. The settings of a gain scheduled 

proportional-integral controller change in response to the operating state of the gas turbine [57]. The gain 

scheduled proportional-integral controller, on the other hand, is built on an accurate state-space model. The 

design burden is rather large. 

 

Meanwhile, the fuel flow rate at steady-state operating conditions should be determined ahead of time. At 

the same time, selecting gain scheduling factors is a difficult process that requires sufficient experience and 

may be beyond the control engineers' capabilities. The ICV approach is utilised to fulfil a nonlinear nominal 

model to solve such issues. The initialisation estimated values are validated by steady-state experiment data 

when the nominal nonlinear model is used for transient state behaviour simulations. In contrast to the ICFM 

method, the ICV method implies that mass flow imbalances occur during transient-state manoeuvres, which 

allows it to explain dynamic behaviour more accurately. Furthermore, nitrogen oxides may exceed the 

relevant limits throughout the gas turbine's life cycle. Because environmental protection is so important, 

including the nitrogen oxides prediction model into the nominal nonlinear model may guide controller 

design. The NOx calculation technique is described in detail [79], [80].  

 

 

3.3.2 Control Strategies in Externally Fired Micro Gas Turbines 
 

The authors of [81] investigated solar-powered micro gas turbines in order to develop optimum control 

strategies that minimise power output variations and maximise annual generated energy. The three 

strategies proposed and investigated in this study are power regulation control based on load fluctuation to 

obtain maximum permitted power for any given value of insolation recuperation control, load fluctuation 

control based on maximum permitted power for any given value of insolation recuperation control, and 

power regulation control based on load fluctuation to obtain maximum permitted power. 

 

The recuperation control strategy is based on a hybrid control strategy that combines the previous two 

tactics while also bypassing the recuperator partially. The efficiency of converting solar energy into 

electricity, the yearly production of energy, the rated generated power, and other practical aspects all 

evaluate various techniques. Each of the above control techniques is calculated and compared using a 5-

kWe system. According to quantitative and qualitative evaluation, recovery control and combination 

systems may provide consistent power throughout a wide range of solar irradiation, but at the expense of 

inferior overall performance, higher cost, and complexity. Using a power control strategy, the quantity of 

energy generated is maximised. If the generated power of a system is needed to monitor changes in load on 

the consumer side, it is inadequate. 

 

The writers of [82] investigated the operation and control strategies for a 10 kWe solar MGT system with 

thermochemical energy storage (TCES). A mathematical model was developed and verified to analyse the 

system's thermodynamic features under real DNI settings with short- and long-term disruptions. The 
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impacts of real-time control, such as performance stabilisation and setpoint tracing, are assessed using 

system dynamics. It was found that when rapidly and drastically variable DNI is predicted, power regulation 

control strategy may achieve constant speed. It was also shown that power regulation through cascade 

control might achieve continuous TOT functioning. However, the writers developed a thermodynamic 

model with some assumptions. For example, the air was regarded as a semi-ideal gas, with the 

thermodynamic changes in the pipes and connections ignored.  

 

3.4 Response-Demand Control in Micro Gas Turbines 
 

In terms of optimising demand response in MGT systems, the researchers of [83] thoroughly investigates 

demand response capacity and evaluates possible energy cost reductions. The authors of [84], [85] 

presented multi-objective models for optimum energy management of grid-connected CHP systems, with 

reference [85] taking into account real-time pricing through prediction models. Reference [84], on the other 

hand, is more concerned with carbon emissions. The usefulness of heat storage units for upgrading highly 

renewable generation-dominated power systems may further increase the economic efficiency of CHP 

systems [86], [87]. Furthermore, the uncertainty of operational parameters [88] and advanced gas turbine 

cycles [89] may impact the optimised functioning under real-world operating settings. The CHP 

optimisation operation is a multi-time scale issue that is dependent on the synchronisation of dispatch 

instructions at the system level and control systems at the equipment level. References [83]–[87] primarily 

concentrate on the optimum functioning of the steady-state, although most of them disregard the transient 

process and crucial equipment features. It is also important to investigate a smaller time-scale optimum 

issue, concentrating primarily on the control system and regulation. 

 

MGT generating systems, on the other hand, are more flexible than wind turbines and solar systems in that 

the output power may be considerably more readily adjusted [83]. Following the demand response is 

therefore a possible operating mode for the MGT-based CHP system, which has been shown in [83] to be 

more economical than the typical heat-led method. The authors of [90] suggest enhancing the performance 

of the MGT generating system during the dynamic regulation phase to improve demand response 

capabilities. The micro gas turbine (MGT) modelling was critical in [90] because it decides if the dynamic 

reaction of the model matched that of the real CHP system. In order to determine the control settings that 

combine economy, safety, and speed, an optimisation approach was created. To tackle the optimisation 

challenge, the improved whale optimisation algorithm (IWOA) with adaptive weights is presented. When 

compared to pure speed control, it was discovered that the suggested speed and power control is more 

inexpensive since the steady error is less, and the electricity error during the regulation period may be 

minimised with appropriate control settings. Furthermore, the suggested IWOA outperforms the original 

whale optimisation algorithm (WOA) in benchmark function testing and in addressing the parameter 

optimisation issue in terms of exploitation and exploration. As a result, the suggested control technique in 

[90] is appropriate for the MGT generating system in terms of improving power demand response 

capabilities. However, additional research on its application to the CHP system that takes into account more 

particular thermal system models is required. 

 

3.5 Literature Survey Conclusion 
The literature review began with several sections that articulated some of the most recent developments in 

power electronics components. These innovations have concentrated on silicon-carbide-based components, 

which are particularly appealing for use in electrical power converters. The main reasons these devices are 

unique and appealing in power electronics components are their high junction temperature, low power 

losses, and exceptional thermal stability. The discussion then pivoted more specifically to the advancements 

in temperature endurance of these devices from their inception to the present. In synopsis, these devices 

can withstand high temperatures and have excellent thermal stability compared to other silicon devices. 

Figure 7 depicts the temperature tolerances of some silicon and silicon carbide devices. The differences in 

power loss between silicon and silicon carbide devices were then introduced in the literature. Silicon carbide 
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devices have been shown to have reduced power loss than silicon counterparts, especially at very high 

frequencies, more than 400 kHz, for instance. The discussion then transitioned to another appealing feature 

of SiC-based devices: the power density they may offer. An example was given for an inverter device 

developed at Virginia Tech University. The power density of the inverter was increased by 2 kW per litre 

when all Si devices were replaced with SiC, making the unit smaller for the same power output.  

 

Prior studies in the literature fixated on applications other than microturbines, such as electric vehicles, 

aircraft, and batteries. This leads to a potential research gap in microturbine power conversion technology. 

Based on the conducted literature review, there has been no research on attempts at making power 

electronics components for microturbines based on silicon carbide rather than silicon. More investigation 

is required to quantify the potential advantages of SiC devices in microturbine power converter applications. 

Such benefits may include enhanced efficiency and reduced unit size (increased power density).  

The other category of the literature went over the control strategies employed in micro gas turbines. Control 

strategies are critical for the smooth and efficient operation of the microturbine to meet supply and demand 

requirements while improving the MGT's electrical performance. It was imperative to give a literary 

overview of microturbines' control and operation strategies since the other part of the work will focus on 

investigating the capability of the power electronics components to be used as controllers in MGT systems. 
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