
VARIABLE RENEWABLE ENERGY
SOURCES

Integrating higher shares of variable renewable

energy (VRE) technologies, such as wind and solar

PV, in power systems is essential for decarbonising

the power sector while continuing to meet growing

demand for energy.

Instead, the power system now relies on variable

energy resources, including WPV, whose

mechanical energy output can fluctuate.  California's

RPS requires utilities to generate 33% of the

electricity from renewable energy resources by the

year 2020; 40% by the year 2024; 45% by the year

2027; and, 50% by the year 2030. Hawaii's RPS

requires 

Renewable energy sources (RESs), including

variable renewable energy (VRE), are crucial

technologies for decarbonizing the global energy

sector and addressing climate change (Sinsel et al.

2020).VRE is a generic term for power generation

using non-dispatchable (variable) energy sources.

VRE is most commonly used in reference to solar

photovoltaics (PV) and a?|
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It remains an important source in lower-income

settings today. However, high-quality estimates of

energy consumption from these sources are difficult

to find. The Energy Institute Statistical Review of

World Energy a?? our main data source on energy

a?? only publishes data on commercially traded

energy, so traditional biomass is not included.

Power systems with a high share of variable

renewable energy (VRE) represent a challenge to

system operators because of the increased flexibility

requirements and stability.  Energy Sources,

Production Costs and Performance of Technologies

for Power Generation, Heating and Transport 2008.

Google Scholar [89] Murphy C, Sun Y, Cole W 

Variable renewable energy (VRE) sources, such as

wind and solar power, are currently showing rapid

growth rates in power systems worldwide, and could

also be important in future mitigation strategies. It is

therefore important that the electricity sector and the

integration of VRE are correctly represented in

energy models. This paper presents 
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A commercially available desalination system is

connected via a DC/AC converter to a variable DC

source and the input voltage is altered to emulate

the response of a renewable energy system.  (RO)

desalination plant (DP) with renewable energy

sources (RES), the intermittent nature of the energy

sources can cause pressure fluctuations across 

The electricity sector contributes to most of the

global warming emissions generated from fossil fuel

resources which are becoming rare and expensive

due to geological extinction and climate change. It

urges the need for less carbon-intensive,

inexhaustible Renewable Energy Sources (RES)

that are economically sound, easy to access and

improve public health. The a?|

Written for decision makers, Harnessing Variable

Renewables: a Guide to the Balancing Challenge

sheds light on managing power systems with large

shares of variable renewables. It presents a new,

step-by-step approach developed by the IEA to

assess the flexibility of power a?|
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In 2028, renewable energy sources account for over

42% of global electricity generation, with the share

of wind and solar PV doubling to 25%.  As the share

of variable renewable energy increases, policies

ensuring investment in all forms of flexibility become

crucial. Solutions include enhancing power plant

flexibility, unlocking demand-side 

The increasing share of variable renewable energy

sources in the power supply system raises

questions about the reliability and the steadiness of

the production. In this study, we assess the main

statistical characteristics of "energy droughts" for

wind, solar and run-of-the-river hydro power in

Europe. 

Written for decision makers, Harnessing Variable

Renewables: a Guide to the Balancing Challenge

sheds light on managing power systems with large

shares of variable renewables. It presents a new,

step-by-step approach developed by the IEA to

assess the flexibility of power systems, which

identifies the already present resources that could

help 
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Variable Renewable Energy Sources Gerfried

JUNGMEIER JOANNEUM RESEARCH.

Innovations in Life Cycle Management Toward

Climate Friendly Lifetstyles. Necessary Reduction of

GreenhouseGas Emissions. Source: IPCC 2018.

Observedand Modelled Global

TemperatureChange. Paris Target.

renewable energy integration challenges and

mitigation strategies that have been implemented in

the U.S. and internationally including: forecasting,

demand response, flexible generation, larger

balancing areas or balancing area cooperation, and

operational practices such as fast scheduling

As more variable renewable energy (VRE) such as

wind and solar are integrated into electric power

systems, technical challenges arise from the need

to maintain the balance between load and

generation at all timescales. This paper examines

the challenges with integrating ultra-high levels of

VRE into electric power system, reviews a range of

solutions to a?|
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VARIABLE RENEWABLE ENERGY JUNE 2019 A

report from the International Renewable Energy

Agency (IRENA)  These are variable energy

sources with fluctuating generation; therefore,

addressing resource variability is crucial for their

sustainable and cost-effective deployment, for which

system innovations are required to achieve the

requisite 

Integrating Variable Renewable Energy in Power

Systems: Fundamentals for the Greater Mekong

Subregion Prateek Joshi and Carishma

GokhaleWelch-National Renewable Energy

Laboratory (NREL)  distributed energy resources

(DERs). Source: IRENA (2019) 28 VRE Forecasting

Figure. VRE forecasting at different spatial and

temporal resolutions helps 

Japan, holding the G20 presidency in 2019, asked

the International Renewable Energy Agency

(IRENA) for a status and outlook report on these

variable renewable energy (VRE) sources. IRENA

has engaged with successive G20 presidencies

since 2015 on a toolkit for renewable energy

deployment.

(C) 2026 Solar Energy Resources 6 / 10 Web: https://www.gebroedersducaat.nl



VARIABLE RENEWABLE ENERGY
SOURCES

Second, the standard Hotelling-like literature

ignores the variable and intermittent nature of

renewable sources, which is the main obstacle to

their penetration in the electric mix. An exception is

Helm and Mier (2018), who build a dynamic model

with a fossil fuel, a variable renewable source and a

storage technology. Their aim is to study the 

Renewable energy sources (RESs), including

variable renewable energy (VRE), are crucial

technologies for decarbonizing the global energy

sector and addressing climate change (Sinsel et al.

2020). VRE is a generic term for power generation

using non-dispatchable a?|

Variable renewable energy (VRE) or intermittent

renewable energy sources (IRES) are renewable

energy sources that are not dispatchable due to

their fluctuating nature, such as wind power and

solar power, as opposed to controllable renewable

energy sources, such as dammed hydroelectricity or

bioenergy, or relatively constant sources, such as

geothermal power.
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The deployment of renewable energy sources is a

major lever to decarbonize the power sector and

mitigate the effects of climate change [1]. In the last

decades, there has been unprecedented growth in

two technologies in particulara??solar photovoltaics

(PV) and wind powera??with respective global

shares of 4% and 7% in installed capacity and

average annual a?|

Renewable energy generated from variable sources

such as wind and solar offers a low-carbon source

of electricity. At high penetration levels, the

challenges of variable RE must be considered in the

planning and operation of the power grid. Variable

renewable electricity possesses five characteristics

of particular

[1] [2] Variable renewable energy sources are those

that have a fluctuating nature, such as wind power

and solar power. In contrast, controllable renewable

energy sources include dammed hydroelectricity,

bioenergy, or geothermal power.
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In this report, the focus is on four main areas:

self-consumption of variable renewable energy

sources at various scales, the role of thermal energy

storage in sector coupling strategies,

electro-mobility (a promising scenario for

decarbonising the transport sector with renewable

electricity) and green hydrogen.

The power sector is increasingly relying on variable

renewable energy sources (VRE) whose share in

energy production is expected to further increase. A

key challenge for adopting these energy sources is

their high integration costs. Artificial intelligence (AI)

solutions and data-intensive technologies are

already used in different parts of the 

Note: 24% of electricity consumption in 2016 and

86% in 2050 is sourced from renewable sources.

CSP refers to concentrated solar power. Electricity

consumption in end-use sectors (TWh) Electricity

generation (TWh/yr) Total installed power capacity 

challenges, as high variable renewable energy

(VRE) shares increase system requirements for
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Variable renewable energy (VRE) sources -

characterized by great resource potential and

environmental benefit - notably, wind and solar

photovoltaic (PV) resources, would reshape the

global power sector, and their installed capacity may

reach 7059 GW accounting for 49.21% of the total

in 2040 in the sustainable development scenario 

The transformation of the electricity sector is a

central element of the transition to a decarbonized

economy. Conventional generators powered by

fossil fuels have to be replaced by variable

renewable energy (VRE) sources in combination

with electricity storage and other options for

providing temporal flexibility. We discuss the market

dynamics of increasing VRE penetration a?|

A significantly expanded role for variable energy

resources (VER) is technically possible. But, 

processes in the environment, such as geothermal

and tidal energy. Renewable power sources

generally have lower environmental externalities

than conventional power sources, particularly
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