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Motivation

e Renewable energies are necessary to alleviate impacts of climate change in the
environment.

e (Colombiais a privileged country in terms of wide access to natural resources.

e High levels of solar radiation are complemented with richness of hydraulic
resources spread all over the country.

e Particular features of local geography make difficult to provide electricity to
communities at certain rural zones.

e [n isolated (i.e. non interconnected) areas, DC microgrids can be used to attend

electric power demand.
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Motivation

e Many domestic loads are of DC type.

e DC generators are simple to control as they avoid parameters like frequency and
phase.

e The reduced complexity of DC microgrids is reflected in a further reduction of
costs.

e The development of low-cost, microgeneration systems including renewable
sources, becomes an interesting topic for R&D projects supporting economical and

social development at isolated zones.
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Problem statement

e Integration of conventional and non conventional resources in microgeneration
schemes (microgrids) is key for transition of fossil fuels to renewable energies.

e The volatility of renewable sources constitute challenges (from the technical and
technological viewpoint) to achieve that goal.

e Energy storage systems and appropriate management policies are fundamental to
avoid disruption of supplying to power demands.

e The situation becomes more critical when the microgrid is isolated.

e Conventional economic dispatch policies are based on fuel prices and consider

renewable energies as free resources.
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Problem statement ’

How to define costs and management rules for power systems including
renewable resources?

How to manage the power resources of an isolated DC microgrid?
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e The first step to achieve power management in a microgrid is to assure a desired
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Droop control

e The first step to achieve power management in a microgrid is to assure a desired
distribution of power among generators by a proper sharing policy.

e A simple way to accomplish power sharing is by using the so-called droop control,
defining a slope (or a fixed relationship) among variables of each generator in the
grid.

e In the case of DC microgrids the droop parameter is a resistance relating variations
in voltage and power.

e For illustration of the technique, let us consider an isolated microgrid composed of

a PV array in parallel with a battery bank, feeding a pure resistive load.
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DC microgrid

e For simplicity of circuits and mathematical models, the operation of the battery
bank is considered in one direction (i.e. power flowing towards the load).

e Equivalent circuits for generators and disturbances were implemented in PSIM.

e Every power converter was controlled by a double-loop Pl scheme, regulating the
voltage and current values at the load bus.

e Impedance of transmission lines representing physical connections between

output ports of each generator and the load bus, were modelled as resistors.
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DC microgrid

Parameter | Description Value
E1 Supply voltage at PV source 60 VDC
Es Supply voltage at batteries 60 VDC
Ly = Lo Inductance of boost converter 5.6 mH
Ci =Cs Capacitor of boost converter 100 pF
Q1 =Q2 IGBT of boost converter ideal
Dy = Do Nominal duty cycle of converter | 0.5

R Coupling resistance converter 1 0.032 Q2
Rio Coupling resistance converter 2 0.016 ©
I Nominal PWM frequency 20 kHz
|4 Nominal voltage at DC bus 120 VDC
Ry, Nominal system load 9.6
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Droop parameter
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branch of the grid and constitutes itself the droop parameter.
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Droop parameter

e The output voltage at the load bus is the same for both generators.
e However, at the output port there is a small variation given by the coupling

resistor.

e In accordance, the coupling resistor defines the amount of power delivered by that

branch of the grid and constitutes itself the droop parameter.

AV x V.
Rai < T

being AV the maximum deviation allowed for the DC bus

voltage, P,, = I,, X V, the maximum power delivered to the
load by the i-th generator and V, its minimum voltage.
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Droop parameter

e Moreover, the droop resistor can be involved in the equations calculating the
reference signal for the voltage loop and hence forcing the output values to

accomplish power constraints accordingly.
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Droop parameter

e Moreover, the droop resistor can be involved in the equations calculating the
reference signal for the voltage loop and hence forcing the output values to

accomplish power constraints accordingly.
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circuit.
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Levels of control

e The combination of both generators under droop control, allows to construct a
hierarchical structure with three levels of regulation.

e A primary level devoted to regulate electrical variables at the power converter
circuit.

e The secondary level defines, by mean of droop resistances, the proportion of power
shared among generators.

e The third level or tertiary control will be able to modify the amount of power

provided by any generation unit attending dispatch policies.
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Levels of control

I
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Dynamic droop »

e By fixing a value of the droop parameter, a fixed proportion of power will be shared
among both generators in the grid.

e The only way to change that proportion will be modifying the parameter
accordingly.

e If environmental conditions alter the availability of any of the power resources, the
proportions of generation should adapt to those circumstances.

e To define the change of proportions, economic dispatch principles can be adapted

to the case of renewable resources.
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Renewable generation cost

e In this work the cost models for renewable sources are taken from: M. M.
Hoogwijk, “On the global and regional potential of renewable energy sources”, Ph.D.

Thesis at Faculteit Scheikunde, Universiteit Utrecht, 2004.
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Renewable generation cost

e In this work the cost models for renewable sources are taken from: M. M.
Hoogwijk, “On the global and regional potential of renewable energy sources”, Ph.D.

Thesis at Faculteit Scheikunde, Universiteit Utrecht, 2004.

C(P)=(axIxP)+(MxP),

being « the annuity factor, Z the investment cost per unit
power P installed and M the maintenance cost per unit power
P installed. In particular, employing the information provided
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Renewable generation cost

Parameter | Description Value
« Annuity factor per hour 0.04
7, Investrgent cost per kW/hour of PV $781.85
power installed
T Investment cost per kW/hour of bat- $390.92
tery power installed
Maintenance cost per kW/hour of
M PV power installed 3104
Maintenance cost per kW/hour of
Mz battery power installed 382

Values adapted to Colombian pesos, from https://www.irena.org

~ X SICEL 2021 - Virtual edition - October 13-15, 2021
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Optimal cost

e In accordance, the minimum cost will be achieved by defining and solving an

optimization problem.
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Optimal cost

e In accordance, the minimum cost will be achieved by defining and solving an

optimization problem.

minimize C(P,P)
subjected to P; + P> = 1500 W.
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Solution approach

e From the plenty of numerical methods available to solve the proposed

optimization problem, we used the most simple: a Newton-Raphson approach.
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Solution approach

e From the plenty of numerical methods available to solve the proposed
optimization problem, we used the most simple: a Newton-Raphson approach.
e |t represents a reduced computational load for calculations of minimal points in
PSIM.
e As the cost function is linear, it is possible to minimize a quadratic version of it to
assure the existence of a minimum for the solution.
(P, P) = (38.314x P,)* + (19.5368 x P,)?
= (1467.96 x P7) + (381.69 x P3),

and then minimizing I'(P;, P») corresponds to minimize
C(P,, P»), as it can be easily shown that I' > C.
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e Every run of the optimization algorithm will provide the optimal proportion of

power for that time frame.
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power for that time frame.

e That proportion of power is used to update the values of the droop parameter at

each generator.
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Solution approach

e Every run of the optimization algorithm will provide the optimal proportion of
power for that time frame.

e That proportion of power is used to update the values of the droop parameter at
each generator.

e The implementation of the Newton-Raphson algorithm in PSIM was accomplished
by coding in a C-block a recursive equation obtained analytically by the method of

Lagrange multipliers.
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Simulation scenario

e Circuit realizations for the DC microgrid in PSIM, were employed as test bed to

verify the appropriate operation of the optimization scheme proposed.
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Simulation scenario

e (Circuit realizations for the DC microgrid in PSIM, were employed as test bed to
verify the appropriate operation of the optimization scheme proposed.

e Aninitial set of simulations are taken within the interval t = [0, 0.24].

e The system transient is experienced until t = 0.07, where a step variation of the
load is applied.

e fort=0.11the load value return to the nominal condition.

e fort>0.14 the input voltage at the photovoltaic unit is modified by a decaying lobe

emulating the reduction in solar radiation after the noon.
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Primary control
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Primary control
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Simulated droop »

e A second set of simulations include an additional interval for t = [0.24, 0.5] where
the optimization algorithm calculates the changes required in the droop

parameter.
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Simulated droop »

e A second set of simulations include an additional interval for t = [0.24, 0.5] where

the optimization algorithm calculates the changes required in the droop

parameter.

e These results show that power sharing can be dynamically adapted to optimal

conditions for minimal cost.
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Simulated droop »

e A second set of simulations include an additional interval for t = [0.24, 0.5] where
the optimization algorithm calculates the changes required in the droop
parameter.

e These results show that power sharing can be dynamically adapted to optimal
conditions for minimal cost.

e The optimal power values obtained at simulations can be easily verified

analytically.
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Simulated droop »

e A second set of simulations include an additional interval for t = [0.24, 0.5] where
the optimization algorithm calculates the changes required in the droop
parameter.

e These results show that power sharing can be dynamically adapted to optimal
conditions for minimal cost.

e The optimal power values obtained at simulations can be easily verified
analytically.

e By contrast, a fixed power sharing of 60% - 40% is overimposed.
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Dynamic droop
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e Finally, a third set of simulations include variations on the cost function for the

battery bank in t > 0.5.
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Minimum cost

e Finally, a third set of simulations include variations on the cost function for the
battery bank in t > 0.5.
e The analysis for the cost function over the whole time interval suggest that it is

minimal just after the optimization algorithm starts performing calculations.
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Minimum cost

e Finally, a third set of simulations include variations on the cost function for the
battery bank in t > 0.5.

e The analysis for the cost function over the whole time interval suggest that it is
minimal just after the optimization algorithm starts performing calculations.

e Also, it is important to notice that despite the increase of costs after altering the

function of the battery bank, it is not higher than the initial (unoptimized) value.
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Concluding remarks

An optimal management scheme for an isolated microgrid operating in DC has

been proposed by applying cost functions for renewable resources suggested in

the literature. The optimal problem was solved numerically employing a

Newton-Raphson approach.
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. 34
Concluding remarks

e An optimal management scheme for an isolated microgrid operating in DC has
been proposed by applying cost functions for renewable resources suggested in
the literature. The optimal problem was solved numerically employing a
Newton-Raphson approach.

e Simulation results performed in PSIM allowed to verify the dynamic calculations for

droop parameters and the corresponding adaptation of power proportions to

environmental changes in the system.

X"_- "-_‘ELE
X SICEL 2021 - Virtual edition - October 13-15, 2021 e | S e A O



. 34
Concluding remarks

e An optimal management scheme for an isolated microgrid operating in DC has
been proposed by applying cost functions for renewable resources suggested in
the literature. The optimal problem was solved numerically employing a
Newton-Raphson approach.

e Simulation results performed in PSIM allowed to verify the dynamic calculations for
droop parameters and the corresponding adaptation of power proportions to
environmental changes in the system.

e Ongoing work is currently devoted to experimental verification of the proposed
management strategy on a laboratory prototype built at the Universidad Industrial

de Santander.
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Questions?

Thank you for your attention !!!

ralzatec@uis.edu.co

marialem@uis.edu.co
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