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Introduction

Control Strategy: Or dispatch strategy, is a set of rules governing how the system charges the battery bank
on a hybrid renewable energy system (HRES). !

Renewable energy system: Set of equipments and devices which generates electric power to supply a
determinated electric load, transforming the energy from renewable sources.
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Fig. 1a Wind turbines power?. Fig. 1b Wind turbines power.

An energy system that uses more than one energy source is called a hybrid system (Wind /PV).3

[1] Lambert T., Micropower system modeling with HOMER. 2006
[2] Alvarez C., Manuales de energias renovables —Energia E6lica. 2006
[3] Olatomiwa L., Energy management strategies in hybrid renewable energy systems: A review. 2016



Control strategies for energy dispatch - HOMER

system Control Inputs
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Fig.3. HOMER window to entry the control strategy settings>

[5] Hernandez G..Dimensionado de sistemas integrados de energia Edlica/Hidrogeno/Celdas de Combustibles . 2011. 4



Inverter controller modes

-DROP/USE Manufacturers
-HBX Outback MATE2
-GRID USE Xantrex XW Series
- AGS Trace SW Series 11
-FLOAT MODE

GRID USE: Allows programing the times the FX system connects to an AC
input source and enables the USE mode. The time and date must be accurately
programmed for Grid-Use mode to function properly. Is programmed separately
for weekday and weekend connect times.

AGS: Starts the generator anytime one or more of the Gen Start conditions are
true and will stop the generator only when all of the conditions are false except
during a programmed Quiet Time (normally at night when a noisy generator
would be disturbing).

FLOAT MODE: When a charge controller finishes a bulk charge and moves
into float charge, the MATE directs any other charge controllers into a float
charge as well. ©

DROP: Disconnects the AC input source but will allow it to be reconnected if the “low battery cut-off set point” occurs or

the Inverter controller (FX) is overloaded.

USE: Enables the FX to connect to an AC input source.

HBX (High battery transfer): Allows control over the use of grid-supplied power, based on user determined battery
voltages and times SPs. A user can maximize renewable energy power through careful HBX usage.

Is used with grid-connected FX that have utility power as their AC input.
Applications that have enough renewable energy power production to meet the needs of the loads most of the time.
Allows the FX to connect to an AC source if the battery voltage has fallen below the SP for a time.

[6] Outback User’s Manual. 2008.



Control Strategies for Renewable Hybrid Low Power Systems
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Mera (2006): Design of a Wind/ PV hybrid system to light and pumping water on a remote area in Ecuator. ’

Lastres (2007): Detailed study of a stand alone wind power system with hydrogen storage for a Cuban
mountain town. This study allowed to have an actual vision of the economic and technical perspective for its
application in similar conditions, in the developing countries. 8

Dufo-L6pez (2007): Developed a methodology and software (HOGA) to design and optimize hybrid
renewable energy systems taking as a variable the control strategy, using genetics algorithms (MODM). °

Hernandez (2011): Design of integrated systems of Wind/Hydrogen/fuel cell energy systems. Taking,
among the many variables and design restrictions, the environmental component to evaluate the best system
configuration applying Multi-criteria analysis methodologies (MCDM) to achieve the objectives.

Olatomiwa (2016): Review for different configurations of standalone and grid-connected hybrid systems to
ensure and finally conclude, that the energy management strategy that works well and can be adopted for
certain renewable energy system may not be the best for other configurations.3

[7] Mera, J. G., Estudio de Sistemas hibridos (Edlico-Solar) de Energia para lluminaciéon y Bombeo. 2006
[8] Lastres O., Simulacion de sistemas edlicos auténomos con almacenamiento de hidrégeno. 2007
[9] Dufo-Lépez, R., Dimensionado y Control Optimos de Sistemas Hibridos Aplicando Algoritmos Evolutivos. 2007




Methodology and equipment
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reioes valres de desemperio quelaconfguracin il Fig. 4 Installed Hybrid System UNISTMO.
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Methodology and equipment

The MATE controller allows the configuration of different parameters that are not in
itself strategies of control and dispatch of energy. However, "the user can maximize

the use of renewable energy and minimize supply from the grid through the careful
use of parameters and modes of operation”.

q |
(&) |

Fig. 5 UNISTMO Controller panel.
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Configuration Before

It is necessary to make an analogy between the charge voltage of the batteries and the SOC of the batteries,
since the simulator only uses the parameter SOC and the configuration of the inverter only allows the voltage
parameter of load. Most recent inverter models allows to configure either the load voltage or the SOC.

ABSORB SP FX/CHAR ~ 57.6  100.00328 Control Strategies Analogy

ABSORB VOLTAGE CC/GHGR 57.6  100.00328 :
/ Load following/ DROP Mode

When it comes into operation the backup system (Network)
covers the energy demand. Do not charge the battery bank

FLOAT SP FX/CHAR 53.2  71.79796
FLOAT VOLTAGE CC/CHGR 54.4  79.49032

SELL RE-VOLTS 52  64.1056 unless the voltage is lower than the lower limit of protection
REFLOAT FX/CHR 50  51.285 or low voltage cut out.
LOW BATTERY CUT-IN 50  51.285 Cycle of Charge /USE Mode
LOW BATTERY CUT-OUT 42 0.0026 The backup system (Network) operates to meet the demand

that is not reached to cover with the energy from the
renewable sources and in addition, it charges the batteries
HBXUGSP 36 -38.4592 until its SOC SP or Flotation voltage.

DROP/USE/HBX MODE USE Float

HBXDGSP 39 -19.2283



Results
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Fig. 9 Electrical load on a weekend.
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Simulation Outputs
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Fig. 14 System annual performance.
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SenS|t|V|ty Analysis On SOC SP
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Total Net Present Cost vs. Setpoint SOC
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Sen3|t|V|ty Analysis on Control Strategies

The 50% SP SOC vyields better economic results, lower
NPC. It is not taken since it is not convenient to have
the battery with a low charge. The SOC of 60% with
NPC of less than 70% and a similar value for the
operating costs of the backup system is chosen.

$121943 2369

ﬂ@ é Gen1 | S6CS25P Conv Disp. Initial Operating Total COE | Ren. |Capacty| Diesel | Gen1 [Batt. LS.
0<W) kW) Strw Capital Cost ($41) NPC (S/kWh)| Frac. |Shortage L frs) | 61
FHoFRA 02 3 g “) $33.286 4173 /581150 1576 013 000 2935 3161 120
f'(bs 082 3 36\ $33.286 5,653 $98124 /1906 021 000 2514 5397 120
082 3 36 ’Cf} $28.286 8165  sY2r5ed 2369 014 000 4054 8679
3

"T’ ,Ié. S6CS25P| Conv. | Disp. | Grid Intial Operating Total | COE | Ren. |
i kW) kW) | Strgy | kW) Capital Cost (S/41) NPC_ |(S/kWh)| Frac.
SOC (%) 71 1’ FSHFA o082 8 36 CC 0.348 $33.278 1.893 $54993\1.303 030
S0C (%) |60 {937 o0s2 8 36 CC 0.349 $33.278 1,892 $54984 /1308 0.32

Initial: SOC% of 71% and CC strategy. Final: SOC% of 60% and CC strategy. Better energy performance since the NPC is lower.
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Results on the Real Hybrid System

Finally, both options were inactivated, leaving the
system with the floating mode OFF and the DROP
network operation mode, with a VVfloat SP of 51.4
V, equivalent to 60% of the SOC. This in order to
have the system operating in this way similar to an
isolated system without connection to the electrical
network, where the backup power source is the
mains.

_Feature | _Unit | Before | After | % Change

USD/ANO  1.893 1.892  0.05
USD 54,993 54,982  0.02
<el3 " USD/kWh 1,309 1,308  0.08
| Frac. Ren. [ 30 32 -6.67
kWh/d 8427 8541  -1.35
kWh/d  9.408 0.023  99.76
kWh/d 25899 0 100.00

Potencia(W)
3

g

P11y

Potencia Extraida del Banco de Baterias

g

s .
Tiempo (dias)

[ i

Potencia Comprada a la Red

Potencia (W)
[ ]

jﬂM% il

___

Tiempo (dias)

Potencia Vendida a la Red

Potencia (W)
I A |

50C (%)
& 8

VARIACION DEL SOC% DURANTE UNA

SEMANA
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Conclusions

The methodology developed is based on the HRES operational analysis, the energy performance analysis and the
optimization of economic variables, using a logical algorithm that seeks to minimize the cost of the produced energy,
varying control parameters such as the state Charge of the batteries and the strategies of control and dispatch of energy.

Applying the methodology, it was possible to establish that an adequate energy management, for the hybrid study
system, is the strategy of the battery charge cycle, SP SOC of 60%, equal to 51.4 V and is configured in the parameter
of float voltage.

It was possible to reduce energy purchased from the grid to 0.023% of the initial energy, reducing the energy
consumption costs to meet demand that is not covered by renewable energy.

It is advisable to keep the voltage of the battery bank high as this is protected from deep discharges that accelerate its
deterioration. Application of the methodology determined that the SP of the SOC should be increased 10%, in this way
the system has better protection against an eventual deep or excessive discharge.

HRES must have a study and optimization process for a better energy use of resources. Each system is different
according to its components, type of energy demand and the available resources.

Performance obtained by simulation is: Annual operating cost was reduced by 0.05%, the total net present cost was
reduced by 0.02%, the cost of energy production was reduced by 0.08%, and the fraction of renewable energy
Increased from 30 to 32%.
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