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Abstract. Due to the characteristics of environmental protection, photovoltaic power generation has
been deeply loved by the energy sector of all countries, so they put great effort into research and
development. The initial investment of photovoltaic power generation is large, and its construction
and popularization should be based on the analysis of the economic benefits of science. It is helpful
for the healthy development of PV system by evaluating and predicting the benefits of PV system in
many ways.

Introduction

With the increasing shortage of traditional energy sources such as coal and the increasing
environmental pollution, the application of clean new energy has been increasing. In the sequence
of many new energy sources, solar power is showing an increasingly strong momentum of
development. The initial investment of solar photovoltaic power generation is large, but at the same
time, it can bring the benefits of power generation and low carbon efficiency. How to measure the
relationship between the investment and economic benefits of photovoltaic power generation
becomes an important factor to promote the photovoltaic system.

The Characteristics of Photovoltaic Power Generation

Photovoltaic power generation system is characterized by the production of solar cell components
of the DC power, then the inverter converts DC to AC power which meets the standard of grid,
finally, directly access to the public grid. The distribution of light resources and the randomness,
imbalance, intermittency and volatility of solar radiation reduce the controllability of photovoltaic
power plants. Therefore, the requirements of different capacity and grid connected photovoltaic
power supply are different. In the term of the grid, because the characteristics of photovoltaic power
generation is different from the conventional power generation, grid technology and access
calculation method is no longer suitable for photovoltaic power plants on the other hand, there is no
systematic research on the interaction between photovoltaic power grid and power grid, not meeting
comprehensive, clear, workable management standards and technical specifications. Power
companies have difficulty in credible evaluation of PV the power supply from power quality,
reliability, stability, security and management comprehensively, so that the complexity and
difficulty of PV are improved a lot.

Photovoltaic power grid is based on its capacity and the grid voltage level can choose 35, 10
kV ,400V and so on Photovoltaic power generation has the following characteristics:(1)The voltage
source current control is the main control method of the existing photovoltaic grid connected
inverter The current source is controlled by the input voltage source, and the output current is
controlled to track the voltage and the grid voltage.(2)The maximum power point tracking
control(MPPT) can effectively control the output power of grid connected inverter.(3)The output of
photovoltaic power generation is affected greatly by the weather, and the power generation will
change violently and quickly in cloudy weather.(4) Due to the rapid fluctuation of photovoltaic
power station power when the large capacity grid is connected, the probability of the equivalent
load peak-valley difference increases greatly, which is adjusted by the reserve capacity of the
conventional generator set as a result, the generation cost of conventional generators will increase
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dramatically.(5)The harmonics will become larger because of the light output of the inverter. (6)
The relevance between island protection and load condition of grid connected inverter.

The Cost of Photovoltaic Power Generation

Photovoltaic power system investment and operation and maintenance costs.

In the total life cycle, it refers to the total cost of equipment procurement, construction and
operation maintenance for photovoltaic power generation system. Obviously, from the point of view
of engineering economy, this part of the cost should consider the time value of funds.

E, =2 (E +E,)A+i)" (1)
t

In the formula, E, is the investment and operation and maintenance costs of photovoltaic power
generation system; E, is capital investment of the first t year; Eoptis operation and maintenance
costs of the first t years (including fault repair and equipment replacement); 1 is the discount rate.

Due to the increase in the reserve capacity of the system to pay the economic price

Because of the stability of photovoltaic power generation is not strong, in order to ensure the
stable and reliable operation of the whole power system after the distributed photovoltaic access to
the power system, they need to increase the reserve capacity. The cost of the capacity is calculated
by using empirical value estimation, as shown in the following:

t
E,=D;- | ap,(t)dt )
In the formula, D, is the unit price of the spare quantity; « is the empirical coefficient; p,(t) is
the output capacity of t time.

Indirect environmental costs

Although the photovoltaic system can bring less carbon emissions after operation, the
photovoltaic power generation equipment in the manufacturing, transportation, installation can
cause carbon emissions during operation and maintenance; in addition, the increase of standby
capacity is related to the increase of carbon emissions. Based on the principle of fine calculation,
the two parts should be included in the benefit evaluation model.

E, = D, (kP,m, +Wgs +1) + D, j;apA (t)dt 3)

In the formula, £ is the coefficient relationship between the equivalent carbon emissions in the
operation and maintenance of the PV system and the equivalent carbon emission of the PV system
investment; D, is the equivalent carbon emissions per unit price; K is consumed by the photovoltaic

power system production unit of electric energy; M, is the index of carbon dioxide emissions of

thermal power plant; p,is a photovoltaic system installed capacity; W is the total weight of

photovoltaic modules; g is the carbon emission intensity of equipment during transportation. The

first half of the model is the equivalent carbon emission cost in the production and operation of the
PV system, and the second part is the equivalent carbon emission cost.

Revenue photovoltaic Power Generation System

Electricity sales revenue
Assuming that in the entire t year period, the price of the electricity sale unit remains unchanged,
and the sales revenue for the year t is:
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E,=DG, 4)
In the formula, G, is the total amount of electricity sold in photovoltaic systems in year t.

Revenue of reducing network loss
Photovoltaic power generation system is usually installed in the area near the load, which is
beneficial to reduce the transmission loss. The revenue generated in this section is as follows:

t
E, =D,J (W W )gt (5)
In the formula,w,,W, are the loss of the first year t of the grid before not installing the PV system
and the loss after installation.

Indirect environmental income

The economic income of carbon emission reduction caused by photovoltaic power generation.
This part of the income is indirect, which can be equivalent to carbon emission reduction and
carbon trading price of the product. The carbon emission reduction refers to the same amount of
electricity, the traditional thermal power plant emissions of carbon dioxide (including the loss of the
network changes). This part of the income can be expressed as:

Ee = DT m, [Gt + (\Nl _Wz)] (6)
Revenue of Photovoltaic Power Generation

Through the above cost analysis and income analysis, income from the PV system is revenue
minus cost. The income of the year t:

E=E+E+KE-E-E - (7)
Similarly, the benefits of the whole PV system life cycle:
m
E=YE 8)
t=1

In the formula, m is the life cycle of the whole PV system.

Conclusion

Photovoltaic power generation is a systematic project not only to alleviate the shortage of traditional
primary energy, but also for the use of low-carbon environmental protection energy environment
Therefore, the evaluation of the economic efficiency of photovoltaic power generation system, not
only depends on how much power it sends, but also should consider the reduction of carbon
emissions due to the use of photovoltaic The calculation of photovoltaic power generation
energy-saving emission reduction and environmental benefits, which helps to compare with the
traditional photovoltaic power generation mode and reduces photovoltaic power generation in the
process of energy waste and pollution to the maximum extent makes photovoltaic power generation
technology service for the environmental protection to a greater extent In the calculation of the
environmental benefits of energy saving and emission reduction, there are still many factors which
affect and restrict the accuracy of the calculation results So ,this requires further study.
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