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Distributed Generation Systems Control
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DC – Link Characteristics

• A few drawbacks of the dc-bus topology 
are:
– Corrosion,
– lack of isolation.
– need of having a very high dc link voltage. One way to 

accommodate isolation is by providing a secondary dc-
dc conversion, stepping up the voltage and isolating at 
the same time.
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DG Systems Control
(continued)
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• At higher frequencies, power quality is improved because the 
harmonics are of higher orders and easily filtered out.

• Acoustic noise is minimized due to the fact that the human ear cannot 
sense sounds above 20 KHz.

• Fluorescent lighting will experience dramatic improvement. The 
ballast inductance is reduced proportionally to the frequency with 
correspondent reduction in the size and weight. Luminous efficiency is 
also improved as the frequency rises, flicker is reduced, dimming is 
accomplished directly and the stability of the tube is improved.

• High frequency induction motors can be used for compressors, high-
pressure pumps and turbines. Ac frequency changers based on matrix 
converters can be used to soft-start high frequency induction motors. 
SOA (safe operating area) is not a restriction for soft-switching and, 
therefore, IGCT and MCT modern power electronic devices will be 
advantageous.

HFAC Link Advantages
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HFAC Link Advantages
(continued)

• Harmonic ripple current in electric machines will decrease, improving 
efficiency.

• High frequency power transformers and other passive circuit 
components become smaller. Electromagnetic amorphous devices have 
the potential of high flux density.

• Capacitors to correct the power factor inside the micro-grid and any 
passive filters are smaller due to the increase of harmonic frequency.

• Harmonic filters for batteries will decrease
• Auxiliary power supply units are easily available by tapping the AC 

link. They would be smaller with better efficiency.
• Storage units are easily connected to an HFAC micro-grid improving 

reliability. Batteries have been the traditional energy storage source, 
but flywheel or ultra-capacitor are also viable alternate devices.
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Islanding

• If the grid is out, distributed generation system can 
backfeed.  

• The controller must interpret signals from the utility feeder 
breaker and disconnect the DG system

• Backfeeding would cause hazards to personnel at work on 
outage repair

• It could also feed poor voltage and frequency regulation to 
the line, causing damage to the loads. 

• Isolation transformers, due to the intrinsic magnetizing 
inductance, help to mitigate the problem.

• There are either passive methods (over or under 
frequency/voltage) or active methods (frequency and 
voltage shifting phase lock) to help improving the 
disconnection timing.
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Introduction to Power Electronic 
Requirements for DG Systems

• Modern industrial automation, energy conservation, electronic 
systems, industrial processes, transportation and energy systems
benefit tremendously in productivity and quality enhancement with the 
help of power electronics.

• Same momentum applies to the control of environmentally clean 
sources of power, such as wind, photovoltaics and fuel cells

• 15%– 20% of electricity consumption can be saved by extensive 
application of power electronics.

• Power electronic converters use a matrix of power semiconductor 
switches to convert electrical power at high efficiency;

• There has been an enormous growth of soft switching technology. Soft 
switching of devices at zero voltage or zero current (or both) tends to 
minimize or eliminate device switching loss, thus giving improvement 
of converter efficiency.

• Other advantages are: elimination of snubber loss, improvement of 
device reliability, less dv/dt stress on magnetic insulation, reduced 
EMI problem, elimination of machine bearing current problem.
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Power Electronics for PEM Fuel Cells

• Interrelation of a FC with required electronics
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Power Electronics for PEM Fuel Cells
(continued)

• A good and necessary discussion is how those alternative sources of 
energy can be integrated with fuel cells to enjoy advantages like the 
complementing regime among sources, the network impact of a new 
clean and promising source of energy and how to get rid of the 
pollutant and relatively expensive battery banks.

• Although operation of a conventional single micropower plant alone 
might not influence the whole grid, the paradigm of distributed 
generation scheme, with several units may impact. Standards are under 
development for this situation. Three distinct regimes should then be 
considered: 1) when the generated power is lower then the consumed 
power (load apparently smaller); 2) when the generated power is 
somehow higher then the consumed power (self-production) and 3) 
when generated power is definitely a lot higher then the consumed 
power (large scale generation).
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PEM Fuel Cell Model Formulation

• A PEMFC produces electrochemical power due to the passage of a 
rich gas in hydrogen through an anode and of oxygen (or air) through a 
cathode, with an electrolyte among them to allow the exchange of
electrical charges (ions). The ion flow through the electrolyte produces 
an electrical current in an external circuit or load. The overall FC 
reaction is represented by:

• The output voltage of a single cell can be defined as the result of the 
following expression:

energy electricalheatOHO2/1H 222 ++→+

conohmicactNernstFC VVVEV −−−=
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Dynamical Behavior

• An electrical equivalent circuit can model the FC 
dynamical behavior, where the activation and the 
concentration overpotentials present a first order delay, 
while the ohmic overpotential is not affected. The 
dynamical equation of this model is represented by:

dFC
d v

1
i

C
1

dt
dv

τ
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Fuel Cell Model
(continued)

500 W BCS stack parameters

Param. Value Param. Value

T 333,15 K ξ1 -0,948

A 64 cm2 ξ2 0,00286+0,0002.lnA+(4,3.10-5) .ln cH2

l 178 µm ξ3 7,6.10-5

PO2 0,2095 atm ξ4 -1,93.10-4

PH2 1 atm ψ 23,0

RC 0,0003 Ω Jn 3 mA/cm2

Β 0,016 V Jmáx 469 mA/cm2

n 32 C 3 F
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Simulation Results

500 W BCS stack polarization curve
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Hierarchical Control

• In a distributed generation power system there are needs of 
coordination of control layers. 

Actuactor

Executor

Supervisor
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Hierarchical Control
(continued)

• Actuator layer is related to the switching of the high power transistors in 
the power electronic converters. This task requires high-speed real time 
control with sampling rates in the order of microseconds. Vector control, 
space vector, PWM, current regulation, suppression of harmonics and 
power electronic devices protection are within this layer.

• Supervisor layer is required to manage the system, generate power set-
points to control the power flow among the energy source, energy
storage and load, control dc or ac bus voltage and monitor faulty signals. 
The particular signals to be controlled depend upon the specific
distributed generation technology, but sampling rates on the order of 
milliseconds are typically required. A third level of layer 

• Executor layer is related to the communications to external equipment 
and the outside world. It provides a variety of remote monitoring and 
control and it is responsible in implementation of control schemes to 
produce as much energy from the system as possible to recover the 
installation cost, and policies related to the costs of fuel, maintenance 
and negotiation with neighbor sites are implemented in this level. 
Typically sampling times are on the order of minutes, and nearly hours 
are required to implement such policies.
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Intelligent Based Hierarchical Control

• ACD constitute a class of approximate dynamic programming methods 
that uses incremental optimization combined with a parametric 
structure to efficiently approximate the optimal cost and control. ACD 
optimizes a short term cost matrix that ensures optimization of the cost 
over all future times and gives an optimal control action. 
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Intelligent Based Hierarchical Control
(continued)

• The ACD based intelligent controllers has tremendous 
potential for the real world control problems. It has several 
advantages over the other existing controllers.

• No mathematical model of  the system is needed ,which is 
a great advantage for the very complex systems.

• As ACD can be trained forward in time , real time 
approximation of the system can be available.

• Like other neuro-controllers , non-linearity  of the system 
can be taken care of.

• Training can be done “on-the-fly” without much 
computational load.

• Adaptive optimal control of the system can be possible.



COLORADO SCHOOL OF MINESEngineering Division

• When the critic network learns, error signal is back-propagated 
through the critic to adapt the weights of the action network. Thus no 
desired signal or the target is needed , only a desired cost function is 
required which is in the form of the Bellman’s equation :

• Where U(.) denotes the utility function or the local cost for the critic 
network . Based on how we define our U(.) , the controller action can 
be optimized accordingly.
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Intelligent Based Hierarchical Control
(continued)
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