
 

 

 

 

 

 

Abstract Photovoltaic (PV)/battery hybrid 

power units have attracted vast research 

interests in recent years. For the 

conventional distributed power generation 

systems with PV/battery hybrid power units, 

two independent power converters, 

including a unidirectional dc–dc converter 

and a bidirectional converter, are normally 

required.  

This paper proposes an energy management 

and control strategy for the PV/battery 

hybrid distributed power generation systems 

with only one integrated three-port power 

converter. As the integrated bidirectional 

converter shares power switches with the 

full-bridge dc–dc converter, the power 

density and the reliability of the system is 

enhanced. The corresponding energy 

management and control strategy are 

proposed to realize the power balance 

among three ports in different operating 

scenarios, which comprehensively takes 

both the maximum power point tracking 

(MPPT) benefit and the battery 

charging/discharging management into 

consideration. The simulations are 

conducted using the Matlab/Simulink 

software to verify the operation performance 

of the proposed PV/battery hybrid 

distributed power generation system with 

the corresponding control algorithms, where 

the MPPT control loop, the battery 

charging/discharging management loop are 

enabled accordingly in different operating 

scenarios. 

1. INTRODUCTION 

Energy management includes planning and operation 

of energy production and energy consumption units 

as well as energy distribution and storage. Objectives 

are resource conservation, climate protection and cost 

savings, while the users have permanent access to the 

energy they need. It is connected closely to 

environmental management, production management, 

logistics and other established business functions. 

The VDI-Guideline 4602 released a definition which 

includes the economic dimension: "Energy 

management is the proactive, organized and 

systematic coordination of procurement, conversion, 

distribution and use of energy to meet the 

requirements, taking into account environmental and 

economic objectives". It is a systematic endeavor to 

optimize energy efficiency for specific political, 

economic, and environmental objectives through 

Engineering and Management techniques. 

Base Line of Energy Assessment  

One of the initial steps for an effective energy cost 

control program is the base line energy assessment, 

which examines the pattern of existing energy usage 

by the government or any sub-entity of the 

government or private organization. This program 

will set the reference point for improvements in 

energy efficiency. Energy efficiency can improve the 

existing energy usage and benchmarking of every 

individual section such as area, sub-area and the 

industry etc. . 
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The passive house uses a combination of low energy 

building techniques and technologies 

2. BASIC ANALYSIS 

The proposed PV/battery hybrid distributed power 

generation system is shown in Fig. 2. This is a three-

port system interfacing a PV, an ESS unit (a battery 

for example) and a DC load. The battery serves as an 

energy buffer, which means it can be charged or 

discharged to balance the power flow in the 

PV/battery hybrid power system. As shown in Fig. 2, 

the phase-shift full-bridge DC-DC converter 

interfacing the PV and the load shares power 

switches with the integrated bidirectional buck/boost 

converter interfacing the battery, based on which the 

power density of the system is enhanced compared 

with the conventional topology consisting of the 

independent phase-shift full-bridge DC-DC converter 

and bidirectional converter. 

 

Proposed PV/battery hybrid distributed power 

generation system 

A modified phase-shift modulation scheme 

is adopted for the primary full bridge as shown in 

Fig. 3. Two switching legs of the primary full bridge 

are phase shifted by the angle ϕ. In addition, the duty 

cycle of switches Sp1 and Sp2 on leg A can be 

regulated, while the duty cycle of the other two 

switches is fixed at 50%. The integrated bidirectional 

buck/boost converter interfacing the battery at the 

primary side of the HF transformer is highlighted in 

Fig. 2. The battery, capacitor Cb, inductor Lb, two 

power switches of the leg A and the PV side bus form 

a bidirectional buck/boost topology inherently. When 

the battery is charged with ib > 0, the topology 

operates in the buck mode. When the battery is 

discharged with ib < 0, then the topology operates in 

the boost mode. Therefore, the bidirectional power 

flow can be achieved for the battery with the 

charging/discharging management requirement. 

According to the buck/boost operating principle, 

since the battery voltage Vb can be considered as 

almost constant during the normal SOC period, the 

PV output voltage VPV can be regulated to achieve 

MPPT by control of the duty cycle D. 

Assuming that the inductor Lb is large 

enough, VPV is derived as 

 
where D represents the duty cycle of the 

switch Sp1 of leg A as shown in Fig. 3. In addition, 

the phase shift angle ϕ is adopted as another control 

variable to obtain the required DC bus voltage Vbus. 

Due to the asymmetric modulation with two legs of 

the full bridge, vAB contains a DC component, 

which can compromise the normal operation of the 

HF transformer. In this paper, a DC blocking 

capacitor Cp is incorporated to prevent the HF 

transformer from saturation. According to the volt-

second balance principle for the inductor Lp and the 

HF transformer, the DC blocking capacitor Cp 

voltage VCp is derived as 

 
Based on the volt-second balance principle 

for the inductor Lo and assuming Lo is large enough, 

the DC bus voltage Vbus can be expressed as 

 
where the turns ratio of the transformer is 

defined as 1:N. Then the DC bus voltage Vbus can be 

derived as 
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According to Fig. 3, the following constraints need to 

be applied for the modulation scheme as 

 

 
Control algorithm of the proposed PV/battery hybrid 

distributed power generation system. 

ϕ and D serve as the only two control 

variables for the proposed PV/battery hybrid 

distributed power generation system, based on which 

a corresponding energy management and control 

strategy is proposed in the following section. III. 

CONTROL ALGORITHM The control algorithm of 

the proposed PV/battery hybrid distributed power 

generation system is shown in Fig. 4. Various MPPT 

techniques have been introduced in [19]. In this 

paper, only the conventional incremental 

conductance MPPT technique is adopted since the 

improvement of the MPPT algorism is not the focus 

of this paper. As shown in Fig. 4, the phase shift 

angle ϕ of the full bridge is used to control the load 

side DC bus voltage Vbus through a PI controller. 

The PV reference voltage Vref is obtained by the 

basic incremental conductance MPPT algorithm. In 

addition, a low SOC detecting part is incorporated in 

the control system to temporarily halt the operation 

of the system (such as setting the phase shift angle ϕ 

as zero) when the battery voltage Vb drops to a low 

value VbL. The duty cycle D serves as the key 

control variable to achieve the power balance and 

automatic control in different operation scenarios of 

the whole power generation system. There are three 

control loops competing to take charge of the duty 

cycle D, namely the constant voltage (CV) charging 

loop, charging current loop and MPPT loop. The 

priority controller determines which control loop to 

enable. The overall objective is to achieve the power 

balance of the whole power system and automatic 

battery charging/discharging management, while 

have the PV to operate at the maximum power point 

if possible.  

In this paper, the priority controller is to 

obtain the minimum value among three control loop 

outputs. For example, when the load power PL is 

larger than the PV maximum output power PMPP but 

within the most power that the PV and battery can 

supply in combination, the battery would operate in 

the discharging mode, and therefore the battery 

charging current ib would turn negative, which 

results in the saturation for the output of the charging 

current loop. Then in this case the MPPT control loop 

would be enabled (assuming the battery voltage Vb is 

lower than the CV charging voltage VbH and the CV 

charging loop is disabled), and the duty cycle D 

would be regulated until the PV operates near the 

maximum power point. It is noted that the battery 

serves as a power balance port in this case.  

When the load power is relatively small, 

there can be much surplus power from the PV 

supposing the MPPT control loop is enabled, which 

can cause high battery charging power beyond the 

specific battery charging requirements. In this case 

the input error signal of the charging current control 

loop would turn negative, which means the 

corresponding loop would take charge over the duty 

cycle D (assuming the battery voltage Vb is lower 

than the CV charging voltage VbH and the CV 

charging loop is disabled). Therefore the battery 

would operate in the constant current (CC) charging 

mode at a present level of i ∗ b . It is noted that the 

PV serves as a power balance port in this case and the 

operating point of the PV would be regulated 

accordingly to achieve the power balance of the 

system.  
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For the CV charging loop, when the battery 

voltage Vb reaches the present CV charging voltage 

VbH, the CV charging loop is enabled and the battery 

would operate in the CV charging mode. Since the 

charging power is unstable and uncontrollable for the 

CV charging mode, the operating point of the PV 

would change through the CV charging process to 

achieve the power balance. Potential operation 

scenarios of the proposed PV/battery hybrid 

distributed power generation system under various 

power conditions among three ports are illustrated 

below as scenario 1 to scenario 7.  

3. SIMULATION MODEL AND 

RESULTS 

 

Matlab models 

 

Steady state simulation results of operation scenario 

2. (a) DC bus voltage Vbus; (b) PV voltage VPV; (c) 

PV current IPV; (d) PV reference voltage Vref; (e) 

Battery charging current ib. 

 

 
Steady state simulation results of operation scenario 

4. (a) DC bus voltage Vbus; (b) PV voltage VPV; (c) 

PV current IPV; (d) PV reference voltage Vref; (e) 

Battery charging current ib. 

 

 
Steady state simulation results of operation scenario 

5. (a) DC bus voltage Vbus; (b) PV voltage VPV; (c) 

PV current IPV; (d) Battery charging current ib. 
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Simulation results with irradiance dropping from 

1000 W/m2 to 500 W/m2 at t D 2 s. (a) DC bus 

voltage Vbus; (b) PV voltage VPV; (c) PV current 

IPV; (d) PV reference voltage Vref; (e) Battery 

charging current ib. 

 
Simulation results with load power rising from 8 kW 

to 10 kW at t D 2 s. (a) DC bus voltage Vbus; (b) PV 

voltage VPV; (c) PV current IPV; (d) PV reference 

voltage Vref; (e) Battery charging current ib. 

 

 
The simulations of the proposed PV/battery hybrid 

distributed power generation system are conducted 

using the Matlab/Simulink software. The PV array 

model is built of strings of PV modules connected in 

parallel and each string consists of modules 

connected in series. The PV module model used in 

this paper is based on the PV module 1STH-215-P of 

the 1Soltech company according to the National 

Renewable Energy Laboratory (NREL) System 

4. CONCLUSIONS 

An integrated three-port power converter as the 

interface for the PV/battery hybrid distributed power 

generation system is proposed. Compared with the 

conventional system topology containing an 

independent DC-DC unidirectional conversion stage 

and a bidirectional conversion stage, the proposed 

system has advantages in terms of higher power 

density and reliability. The phase shift angle of the 

full bridge and the switch duty cycle are adopted as 

two control variables to obtain the required DC bus 

voltage and realize the power balance among three 

ports. 

Different operating scenarios of the system under 

various power conditions are discussed in detail and a 

comprehensive energy management and control 

strategy is proposed accordingly. The priority 

controller can enable one of the control loops in 

different scenarios to optimize the whole system 

performance, taking both the MPPT benefit and the 

battery charging/discharging management 

requirements into consideration. The simulation 

results verify the performance of the proposed 

PV/battery hybrid distributed power generation 

system and the feasibility of the control algorithm.  
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