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Lecture 1
Root causes & motivations for RegAg

Lesson 3

Regenerative Electricity Supply in Agriculture



Learning Objectives

• Challenges of electricity supply in agriculture

• Regenerative (renewable) sources for electricity: wind and solar

• Microgrids

• Agri-photovoltaics in combination with regenerative agriculture



Electricity supply in agriculture

Electricity Challenges

• High tariffs due to its dependence on fossil fuel generation, poor 

operational efficiency and heavy electricity losses due to its ageing 

transmission and distribution infrastructure.

• Several rural areas, even in developed countries, face lack of access 

to electricity that hinders social development and the delivery of health 

care and education services in these areas.



Electricity supply in agriculture

Renewable energy sources, energy storage systems and energy 

consumption units can be integrated to low or medium voltage power 

grids. 

Two types of operation: 

➢ Islanded (autonomous) mode

➢Grid-connected mode or Hybrid – Grid-connected mode 



Autonomous mode

In the islanded mode, the renewable energy system operates 

autonomously and supplies power to customers by keeping electrical 

interchange between production and consumption stable.

The intermittent energy production by renewable energy technologies 

makes integration of energy storage subsystems necessary in order to 

ensure shifting of energy from periods of low demand when energy is 

stored, to periods of high demand where energy from storage is supplied 

to the system.



Autonomous mode

All components 

connected to DC bus

Shuai, Z., Fang, J., Ning, F., & Shen, Z. J. (2018).

Hierarchical structure and bus voltage control of DC

microgrid. Renewable and Sustainable Energy Reviews, 82,

3670-3682.



Autonomous mode

All components 

connected to AC bus

Kumar, D., Zare, F., & Ghosh, A. (2017). DC microgrid technology:

system architectures, AC grid interfaces, grounding schemes, power

quality, communication networks, applications, and standardizations

aspects. Ieee Access, 5, 12230-12256.



Autonomous Microgrid

Karavas, C. S., Kyriakarakos, G., Arvanitis, K. G., & Papadakis, G. (2015). A multi-agent decentralized energy management system based

on distributed intelligence for the design and control of autonomous polygeneration microgrids. Energy Conversion and Management, 103,

166-179.



Grid-Connected mode

When renewable energy sources are connected to the power grid, they 

inject power into it in order to regulate power balance between power 

supply and load demand and maximize its operational benefits.

The excess produced power by the renewable energy sources can yield 

revenue by selling it to the grid. Depending on the agreement between 

the consumers and the local grid energy company, the consumer only 

needs to pay the cost of electricity consumed less the value of electricity 

generated. 



Grid-Connected mode

• Grid-connected is the simplest and most cost effective way to connect 

renewable energy sources to regular utility power. 

Grid-Connected systems can supply power and use utility power as a 

backup.

• As long as there is enough electricity flowing in from the renewable 

energy system, no electricity will flow in from the utility company. 

• If the renewable energy system is generating more power than the 

used energy, the excess will flow back into the grid, turning the meter 

backwards.



Grid-connected mode



Agri-Photovoltaics

By the term Agrivoltaics or 

Agri-photovoltaics (APV) we 

mean the use of 

photovoltaics over an open 

field agricultural crop and/or 

the use of photovoltaic 

crystalline cells or other type 

of photovoltaic materials 

(such as thin films) 

embedded in the covering of 

a greenhouse. 

Fraunhofer Institute for Solar Energy Systems ISE. Agrivoltaics:

Opportunities for agriculture and the energy transition. October 2020



Agri-Photovoltaics

With APV a dual use of land is 

achieved leading to increase 

in: 

• land productivity 

• farmer’s income. 

APV has the potential to 

reduce land competition 

through dual use of the land. 

APV technology generates 

renewable electricity without 

taking away arable farmland 

resources for food production. 
https://www.britesolar.com/

https://www.britesolar.com/


AVP types & Agricultural activities 

AGRI-PV TYPE TYPE OF AGRICULTURAL ACTIVITY

Ground PV Grazing, Beekeeping, Gardening 

Vertical PV plant Grazing or Gardening 

Fixed shades (heightened) Field crops, Viticulture, Arboriculture, 

Breeding, Grazing 

Dynamic shades (heightened) Viticulture, Arboriculture, Gardening, 

Horticulture 

PV Greenhouses Arboriculture, Gardening, Horticulture 

PV on building Breeding, Fish Farming, Storage, 

Agricultural Machinery 

Floating Power plant Fish Farming 

Other Agri-PV solutions Irrigation Ramps, Machinery



Agri-Photovoltaics

Solar Power Europe. Agri-PV: How solar enables the clean energy transition in rural areas. Briefing paper, Sep 2020. Available at
https://resource-platform.eu/wp-content/uploads/files/statements/Agri-PV-How-Solar-Enables-the-Clean-Energy-Transition-in-Rural-
Area.pdf.

https://resource-platform.eu/wp-content/uploads/files/statements/Agri-PV-How-Solar-Enables-the-Clean-Energy-Transition-in-Rural-Area.pdf


Net-metering

• The customer is billed for the net electricity purchased from the utility 

over the entire billing period—that is, the difference between the 

electricity coming from the power grid and the electricity generated by 

the renewable energy sources. 

• Through net metering, the customer obtains the full retail electricity 

rate—rather than the much lower wholesale rate produced electricity 

sent to the utility power grid. 
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