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Executive Summary

Zhuangshang village PEDF project is located in Zhuangshang
village on the North Bank of the Yellow River in Ruicheng, Shanxi
Province. The total installed capacity of distributed photovoltaic is
2MW and the energy storage is 600kwh, including household level
and village level PEDF system. The two networks are connected to
the AC power grid through power electric transformers (ac/dc). The
voltage level of household level PEDF system is DC220V. It is an IT
system, which adopts unipolar wiring and radial topology. Through
DC/DC converters, the voltage transformation and coordinated
control of the system are realized. It is mainly used to supply
residential electricity, and the remaining electricity is sent to the
village level PEDF system. The voltage level of the village level PEDF
system is DC750V. The IT ungrounded system adopts unipolar
wiring and radial topology, which facilitates the energy interaction
between households in the village and with the power grid. After
calculation, the total average line loss of the system is about 4%,
which is 7% lower than the design limit, and the measured overall
efficiency is 91.7%.

Through the development of PEDF technology, the project will
promote "carbon neutralization" with comprehensive electrification
and zero emissions, leading the zero carbon operation in rural areas
around the world. The project realizes the efficient consumption of
distributed photovoltaic and improves the energy efficiency of
power generation and the ability of power mutual assistance
between stations. It solves the problems of partial capacity
expansion pressure, three-phase imbalance, harmonics, voltage
fluctuation and flicker brought by distributed photovoltaic to the
power grid. It also solves the problem of random fluctuation of
photovoltaic power generation and satisfies people's electricity
consumption. It realizes flexible and friendly access to the power
grid, and is observable, measurable and controllable. In terms of
technical scheme, the system coordinates and controls photovoltaic,
power grid, energy storage and load through voltage band control
strategy to maintain the voltage stability of building distribution
system and ensure stable operation. A residual current protection
scheme suitable for DC system is proposed. Through the flexible
cooperation of LVDC active monitoring device and DC residual
protection actuator, the reliable driving tripping or sending tripping
signal can be realized. This project also develops a DC arc
extinguishing module to realize the arc free switching on and off of
DC loads.

The project was awarded the "China zero carbon village project
demonstration village" by the Ministry of agriculture and rural
development and the United Nations Development Agency. Its



promotion and application will further realize the progress of local
decarbonization to comprehensive net zero carbon in relevant
regions in China. In 2021, the State Council included the technical
routes of PEDF and DC power distribution in the "action plan for
carbon peak by 2030".

The power generated by the Photovoltaic Station of this
demonstration project is preferentially used by the residents of
Zhuangshang village. The excess power is fully purchased by the
power grid, and the insufficient power is provided by the power grid
enterprise. The investor's income is calculated based on the total
power generation, and the energy storage income is calculated to
the investor. FCS assets are handed over to the power grid
company for management free of charge. The power grid company
settles the electricity charge to the investor according to the
amount of electricity interacted between the system and the power
grid, and the line loss incurred is borne by the power grid.

The project participants include the leading Party Ruicheng
County People's government, the investor CLP international, the
designer National Nuclear Power Planning and Design Institute, the
construction and operation party Nanjing Golden Cooperate DC
Power Distribution Technology Co., Ltd., the partner Ruicheng
County power supply company, and the villagers of zhuangshang
village. Each participant shall distribute benefits according to the
contract / investment agreement.

A total of 71 households in Zhuangshang village have laid
photovoltaic, with a total of 5000 photovoltaic modules of 400W
each, and a total installed capacity of 2MW. The annual power
generation is 1200 hours, of which 85200 kWh is free to local users
(1200kWh per household), 106800 kWh is sold to local users, and
the remaining electricity is sold to power grid companies.

In terms of social benefits, the photovoltaic installed capacity of
this demonstration project is 2MW, which is expected to provide 2.4
million kWh of clean power on average every year, save 966t of
standard coal, and reduce the emission of 2392.8t carbon dioxide,
72t sulfur dioxide, 652.8t dust and 36t nitrogen oxides. The
construction of this project can reduce the consumption of certain
fossil energy, and is conducive to the pressure of environmental
protection, realizing the coordinated development of economy and
environment, and has remarkable energy conservation and
environmental protection effects.

In addition, this demonstration project adopts the PEDF
technology to transmit and absorb photovoltaic power generation.
Compared with the traditional distributed energy technology, the
PEDF technology has obvious advantages in power quality problems,
power grid expansion pressure problems, power grid scheduling
problems, heavy overload problems in the substation area, line loss,
power supply reliability, etc., and can avoid the power quality



problems caused by distributed large-scale grid connection,
alleviate the power grid expansion pressure, reducing line losses,
improving power supply reliability and energy efficiency.

In terms of economic benefits, the project will drive villagers'
income and village collective economic income (an increase of more
than 1200 yuan per household), and promote rural revitalization. It
also increases GDP and fiscal revenue and realizes annual power
generation revenue of about 1million yuan / year (tax revenue of
about 100000 yuan), and improve the level of local economy. When
included in carbon trading, the project will add additional carbon
index income (the current domestic price is about 126000 yuan and
the international price is about 882000 yuan per year for this
project). In addition, the implementation of the rural PEDF system
has also reduced the investment in the upgrading and
transformation of rural power grids and the investment expenditure
of heating projects such as "coal to electricity"”, "coal to gas".

The household-village PEDF demonstration project invested and
built by Zhuangshang village has obvious economic and social
benefits. The business model it has explored can be promoted in
Ruicheng County and even villages across the country, thus forming
a "Township-County-City-Province" promotion model, and creating
a new mode of energy production and consumption for rural areas
to supply cities and towns.
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