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1. Introduction

1.1 Background

Fig.1 Global PV cumulative 

installed capacity 2000-2012

The developing trend of  PV 

systems is in two directions : 

1. Large-scale grid-connected PV 

systems(LS-PV)

2. Small-scale PV systems(SS-PV) 

integrated with other distributed 

generators in microgrids
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1.2 Development of SS-PVs

ü1. Used in remote communities

ü2. Used as distributed generators, including building integrated 

photovoltaic systems (BIPV)

ü3. Based on the microgrid concept

1. Facilitating the integration of renewable energy systems

2. Increasing the reliability and power quality

1. Low economy efficiency in general
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1.3  Some research on microgrids with PVs

üOn the economic evaluation

Less focus on the economic evaluation of the emission reduction

benefits, especially for the non-back-feeding systems.

üOn optimal design
Mostly for the island system, but rarely for grid-connected system



6/22 2014 Tianjin Symposium on Microgrids, Nov. 13-14, 2014 

2.1  2MW industrial photovoltaic microgrid installed at EAST

2. Structure of Microgrid with SS-PVs

Total installed capacity̔2MW

(500KW completed)
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Configuration of Microgrids with SS-PVs  installed at EAST
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Normal PV output 

power characteristic 

in coastal areas̔
fluctuate frequently  

and drastically
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The PV provides almost 50% 

total power consumption at EAST

PV output power Power from utility

Load

The profiles of  the utility, PV and load 
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Fig.3 Typical daily load curve of the factory

2.2  Operation strategies of the microgrid with SS-PVs 

üCalculating the evaluation indices of the system

üEconomic analysis based on an optimized design model

üEnergy management strategy for the PV system

üSensitivity analysis of the impact of different installation 

sites on the system

In order to reduce the cost of 

electricty, an effective way is 

needed to minimize the 

difference of the electricity 

demand between the peak and 

valley in different periods every 

day.
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3.  Evaluation indices for the microgrid with SS-PVs

3.1 Levelized Energy Cost (LEC) 
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Ctot the total initial investment of the system

Crep the annual replacement cost

Com the operation and maintenance cost

Cbuy the annual cost of electricity purchase

CERB the benefits of emission reduction

E the annual energy output of the system

r the interest rate

N the life circle of the system
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3.2 Emission Reduction Benefit (ERB)
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EPV the annual power output of PV in the microgrid

Emii the emission of four different pollutants in producing 

1 kWh of electricity

Envi the corresponding environment cost 

3.3 Payback Period (PBP)

totC
PBP

Q
= ( )Q= rep omp E C CÖ - -

Q annual cash flow of the system

p the electricity price

E the annual energy output of the system



13/22 2014 Tianjin Symposium on Microgrids, Nov. 13-14, 2014 

4. Optimal design of PV microgrid for industry
·4.1 Energy Scheduling Strategy

1)  If it is allowable to sell the electricity to the utility:

(a) During the peak period

If the solar energy is sufficient If the solar energy is insufficient
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(b)  During the flat period (c) During the valley period

2) If it is not allowable to sell the electricity to the utility

If the solar energy is sufficient If the solar energy is insufficient


