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Solar radiation is an important meteorological variable that determines the amount of "heat" that we will receive from the sun on the earth's surface. Unfortunately, this amount of solar radiation is being altered by climate change and the retention of greenhouse gases.Solar radiation is electromagnetic radiation capable of heating the surface of the
ground and objects (including ours) without hardly heating the air.Due to the characteristics of the Earth's atmosphere, solar radiation undergoes specific alterations to pass through it and reach the surface.How much solar radiation is absorbed by the atmosphere?The average intensity of solar energy reaching the top of the atmosphere facing the
Sun is about 1,366 watts per square meter (solar constant). This amount of solar irradiance is related to the thresholds of the atmosphere and the plane perpendicular to the incoming solar rays.The atmosphere, in turn, filters the Sun's rays to a certain extent, as does everybody, causing:A reflection and a back-scattering of the rays, due to their
albedo, to the clouds and atmospheric gases themselves.An absorption that causes an increase in temperature due to emitting radiation in any direction according to Wien's law. However, this absorption is modest in the visible light band, making it transparent to direct solar radiation.About half of the solar radiation that reaches passing through the
atmosphere remains unaltered. The radiation that does this is called net radiation. Half of the net radiation ultimately contributes to the evaporation of water masses. Therefore the available solar energy is approximately a quarter of the total energy emitted.Thanks to the ozone layer, the stratosphere absorbs ultraviolet rays included in the 200-300
nm band. The troposphere absorbs infrared radiation thanks to water vapor and CO2. The filtering action of the bands in the ultraviolet wavelengths, mostly lethal, is essential for the development of life.What is the greenhouse effect?The greenhouse effect is a natural and beneficial phenomenon for the Earth system.Certain gases present in the
atmosphere retain part of the thermal radiation emitted by the earth's surface after being heated by the sun plus the Earth radiation, keeping the planet's energy budget stable. The radiation budget is crucial to have the temperature at an adequate level for the development of life. However, mans action has increased these gases in the atmosphere
mainly carbon dioxide and methanecausing them to retain more outgoing radiation, increasing the planetary temperature. It is what we know as global warming.What is diffuse solar radiation?Diffuse radiation is also called indirect radiation. It depends on the atmospheric conditions.Diffuse radiation represents the portion of solar radiation that has
hit at least one particle of atmospheric gases by changing the angle of incidence. Nevertheless, it reaches the ground because it is directed towards it. Thats because in de polar regions.Increases relative to total in cloudy skies. In particular, the Rayleigh scattering of the blue component of solar radiation is responsible for the blue color of the sky.
Some of the diffuse radiation is back into space.What is incident solar radiation?Incident solar radiation is the amount of solar energy that has encountered any obstacle to which it has delivered all or part of its energy. The energy that does not reach the earth's surface is said to be extinct and is made up of radiation re-emitted, reflected, and
backscattered into space.According to Lambert's law, the amount of radiation that hits the unit area is proportional to the incidence angle cosine.The maximum amount of incident solar irradiation is obtained with perpendicular incidence. Since the angle increases, both the surface is affected by the same amount of radiation and the thickness of the
atmosphere crossed by these increases. Thus, it creates the daily, annual, and latitudinal variations in solar irradiance.What is the reflected solar radiation?Reflected solar radiation is the part of incident solar radiation reflected from the earth's surface due to the albedo effect.The albedo is the reflection coefficient c. Values of ¢ are generally between
0 and 1 or are expressed as a percentage. It is given by the relationship between the radiant energy reflected from a surface concerning the incident energy. The Earth has an average value of 40% (c = 0.4). At the albedo altitude of the Earth, we add the radiations reflected by atmospheric particles into space.What is absorbed solar radiation?After
deducting all the losses due to reflection and backscattering from the atmosphere and the Earth's surface, the remaining incident solar radiation is absorbed by the Earth's surface. It thus variably contributes to its warming depending on the latitude and the type of surface.Author: Oriol Planas - Technical Industrial EngineerPublication Date: July 8,
2021Last Revision: July 8, 2021Power from the sun is effectively infinite. Its also clean and free. Solar panels turn that sunlight into electricity. How home solar panels and a whole solar system generates electricity we can use can be a little difficult to follow. Fortunately, you dont need to understand how solar panels work to get them installed and
start saving money. Heres the step-by-step process of how solar energy works.See how much you can save by going solar with PalmettoWhat Is Solar Energy?Solar energy is the solar radiation emitted from the sun. Earth receives enough of that renewable energy on a daily basis to provide electricity to every user of electricity on the planet. Thats one
powerful energy source!Humans have devised several ways to capture solar energy, the most common being the use of photovoltaic (PV) solar panels that convert the sun's rays into usable electricity. Solar panels arent making or creating the energy, they are just converting it from sunlight to electricity.With that information in mind, here's how solar
energy works step by step.Step 1: Solar Panels Capture Solar EnergySolar panels convert solar energy from sunlight into electrical energy. The most common solar panels are made from one of three semiconductors: monocrystalline silicon, polycrystalline silicon, or thin-film solar cells.When sunlight hits the thin layer of semiconductive material, it
triggers the release of electrons from silicon atoms. The negatively charged electrons are attracted to the positively charged side of the cell. This photovoltaic effect results in free-flowing electrons within the solar panel. The moving electrons create an electric current which is harnessed by the wiring connected to the solar panels to produce
electricity.Solar power systems are carbon-free in their energy production. The lifetime emissions of solar panels, which includes emissions from the manufacturing of panels, is about 12 times less than lifetime emissions from a natural gas plant and about 20 times less than from a coal plant.The more sunlight that reaches the solar panels, the more
energy they generate, which means they generate more or less electricity at different times of day and year.A solar installation company should walk you through and help you understand factors ranging from specifics about your property, such as shading and your familys typical power usage, to your climate and geographical location.Solar panels
can be tilted to capture the most sunlight at the optimal angle for the best efficiency. Usually, that angle matches your latitude. In the lower 48, that spans from 24.5 degrees in Key West, Florida to 49.2 degrees in Angle Inlet, Minnesota.See how much you can save by going solar with PalmettoStep 2: Solar Inverters Convert DC to ACNext up in our
quest to answer How does solar energy work? is a lesson about inverters. Solar panels produce electricity in the form of direct current (DC), which means the electricity flows in only one direction. However, your home appliances use alternating current (AC) electricity, which means the electricity flows in both directions.This means the solar
electricity from your panels needs to be converted from DC to AC to make it usable in your home. To convert DC power to AC power, you need an inverter.Its a simple job, but an essential one if you want to use solar energy. Without the inverter, your system would create electricity, but it wouldnt be able to power anything.The type of inverter you
use depends upon the size and configuration of your home solar energy system. A simpler system typically uses a string inverter, a single box in a central location near your circuit breaker. More intricate systems use microinverters in which each panel has its own individual inverter. Other inverter options include power optimizers and hybrid
inverters, depending upon your homes energy needs.Credit: National Renewable Energy LaboratorySolar inverters also allow you to connect your solar panel system to the internet so you can access information about your systems performance. This helps you compare your solar energy production and your household energy consumption so you can
check if the system is functioning properly and meeting your electrical load as required.Step 3: Electrical Panel Distributes ElectricityYour electrical panel distributes electricity throughout your home, whether thats your dishwasher, refrigerator, or energy-efficient heat pump. The circuit breakers in the electrical panel can also cut the current to an
electrical circuit in case a fault or surge occurs, to prevent an overload in electrical lines that can cause damage.While your solar panels generate electricity, they typically arent connected directly to your appliances or other electronic devices. In terms of understanding how solar panels work, they provide electricity to the electrical panel, and your
electrical panel separates the power into individual circuits that run to everything in the house.Lastly, electrical panels are also a key component of consumption monitoring. There are devices that can be attached to either the main panel or each individual circuit, allowing you to view more details about your specific energy consumption, which can
help you optimize your energy usage over time.See how much you can save by going solar with PalmettoStep 4: Electric Meter Records Consumption and ProductionYour electric meter (sometimes called the utility meter) is the device your utility company uses to measure your electricity consumption. Its how they know what to bill you each month. A
traditional electric meter has analog dials that spin as current flows through it, which is why the utility company has someone check your meter in person once a month. Even then, that meter reading is just a summary of your electricity consumption for the month.When you go solar, you consume electricity from your solar panels, which lowers the
amount of electricity you consume from the grid. As a result, your electric meter records a lot less consumption, and you save money by not paying for electricity from the utility company.Most homes with solar have a smart meter installed, which records the exact consumption of electricity for your house. Smart meters send real-time usage data to
your local utility company for billing, customer service, and research purposes. A smart meter eliminates the need for estimated bills by measuring exactly how much electricity is being used.Smart meters and net meteringIf your home has a smart meter, it allows you to take advantage of net metering if its available in your area. If your solar panel
system is connected to the electricity grid (most are) then net metering allows you to get credits from your local utility company for any surplus electricity generation.Your smart electric meter will record energy production in addition to consumption, and when you generate more energy than you need for your home, you can export that power to the
grid and earn credits to reduce future electric bills.Step 5: Batteries Store Excess Energylnstalling solar battery storage can unlock greater long-term benefits of going solar. If your solar panels generate more solar energy than you can use, you can store that extra electricity in a solar battery. That way, you have electricity available to you when the
sun goes down or its a rainy day instead of drawing from the electricity grid.Depending on the type, solar batteries can either store excess DC electricity thats produced by your solar panels, or they can be charged by AC electricity thats already been converted by your inverter.Many states and power companies now have incentives for residential
customers who send excess power from their solar batteries to the overall electric grid. These programs, called virtual power plants, help spread out when renewable energy can be used on the grid. At times of surplus solar, wind, or other renewable energy production, the excess is stored. When its later added to the grid, those sharing their batterys
power with the grid are compensated.Solar battery storage is growing and is expected to continue growing exponentially. The National Renewable Energy Laboratory estimates energy storage will multiply by at least five times from 2020 to 2050.Source: National Renewable Energy LaboratoryWill Solar Energy Work for Your Home?Solar energy at
home can deliver real benefits. You can lower your utility bills, reduce your carbon footprint, increase your independence from the electricity grid, help create a clean energy future, and more.Solar energy is also the fastest growing and (by some counts) cheapest source of energy today. If you're interested in finding out if solar will work at your home,
use our solar savings calculator or contact Palmetto today.See what solar can do for you:Frequently Asked QuestionsHow do solar panels work?Solar panels convert solar radiation into electricity, then an inverter turns it into the AC electricity thats usable in your home. Sunlight hits semiconductive material on a panel and creates a flow of electrons.
This electric current moves through wiring on the panel to your home.Are solar panels good for the environment?Yes, solar energy is a completely renewable source of power. Solar systems produce no emissions via their energy production, and they for decades with very good efficiency.Can solar panels save money?Yes, solar panels can save money.
In many but not all cases, solar panels can save you as much as they cost in 6-10 years. This period of time is also known as a solar payback period.Solar energy is one of the cleanest and most abundant sources of power available today. Every time I see sunlight hitting rooftops or open fields, Im reminded of its incredible potential to fuel our homes
and businesses without harming the planet. But have you ever wondered how sunlight actually gets transformed into usable electricity?The process might seem complex, but its surprisingly straightforward when broken down step-by-step. From capturing sunlight to converting it into energy that powers your devices, each stage plays a vital role.
Understanding how solar energy is generated not only helps us appreciate this technology but also highlights why its such a game-changer for sustainable living.Solar energy refers to power harnessed from the Sun using advanced technology. Its a renewable energy source derived from sunlight, which is abundant and consistent in most regions
globally. Photovoltaic (PV) technology, solar thermal systems, and concentrated solar power (CSP) are the primary methods deployed for capturing and utilizing solar energy.Photovoltaic technology converts sunlight directly into electricity. Photons from sunlight strike PV cells, exciting electrons and creating an electric current. These cells are often
grouped into solar panels found on rooftops or solar farms.Solar thermal systems focus on utilizing sunlights heat. Mirrors or collectors absorb and concentrate solar rays to generate high temperatures. The heat is then used to produce steam, powering turbines and generating electricity.Concentrated solar power (CSP) systems integrate mirrors to
direct sunlight onto a small area. Captured energy generates intense heat, stored in fluids, and transferred for electricity production during peak demand.Solar panels capture sunlight and convert it into usable electricity. This process relies on specific components and scientific principles that enable the transformation of solar energy.A solar panel
consists of several key parts working together to convert sunlight into electricity:Photovoltaic (PV) cells: These semiconductors, often made of silicon, absorb sunlight and initiate the energy conversion process.Glass layer: This durable outer layer protects the PV cells while allowing sunlight to pass through.Encapsulation: It secures and seals the PV
cells, ensuring durability and efficiency.Metal frame: The frame provides structural support and enables mounting on surfaces like roofs.Junction box and wiring: These components transmit the electricity generated to external systems for further use.The photovoltaic effect occurs when sunlight hits the PV cells, exciting electrons within the
semiconductor material. This excitation generates an electric current as the electrons move through the material. The generated direct current (DC) is then routed through the panels wiring to an inverter, which converts it to alternating current (AC) for homes and businesses.Solar energy generation follows a structured process to transform sunlight
into usable electricity. Each step is essential for efficient energy conversion and distribution.Photovoltaic (PV) cells within solar panels absorb sunlight. When sunlight hits the cells, photons from the light energize electrons in the semiconductor material, creating an electric field. This marks the start of electricity production.The energized electrons
flow through the PV cells, generating direct current (DC) electricity. This current is unidirectional, making it incompatible with most home and business energy systems without further processing.An inverter converts the DC electricity into alternating current (AC) electricity. AC is the standard form of electricity used in appliances. Inverters may also
monitor system performance and communicate energy production data.The AC electricity flows from the inverter into the buildings electrical panel. This panel distributes electricity to various circuits, powering lights, devices, and equipment. Any excess energy can either be stored in a battery or sent to the grid for credit through net metering.Solar
energy offers numerous advantages, making it an attractive option for homes and businesses. These benefits span environmental, financial, and operational aspects.Solar energy generation reduces greenhouse gas emissions. Unlike traditional energy sources, solar power relies on sunlight, which doesnt release carbon dioxide or other pollutants
during electricity generation. This contributes to cleaner air and mitigates climate change effects.Using solar panels decreases reliance on fossil fuels. Sunlight is a renewable resource, unlike coal or natural gas, ensuring a sustainable energy supply without depleting natural reserves. The transition to solar power also minimizes ecological
disruptions caused by mining and drilling activities.Installing solar power systems lowers long-term energy costs. While the initial investment can be significant, users benefit from reduced electricity bills as the energy produced offsets grid consumption. In many states, incentives like tax credits and rebates increase cost-effectiveness.Solar energy
generation offers opportunities for financial savings through net metering. Excess electricity sent back to the grid can earn credits, reducing reliance on external energy providers even further. Over time, these savings often outweigh the setup costs, delivering financial stability alongside renewable energy.Solar energy generation faces limitations
that influence its adoption and efficiency. These challenges, including variability, high initial costs, and land use concerns, directly impact the practicality of implementing solar solutions.Weather Dependence: Solar energy availability changes with weather conditions. Overcast skies and precipitation reduce sunlight, limiting energy production.
Regions with inconsistent sunlight face greater challenges in harnessing solar power effectively.Energy Storage: Solar systems generate electricity only when sunlight is available, creating a dependency on energy storage solutions. Batteries used to store excess energy are expensive and have limited lifespans, which can increase the overall cost and
complexity of the system.Land Requirements: Large-scale solar farms require significant land areas. In densely populated or ecologically sensitive regions, acquiring land for solar installations may conflict with agriculture, wildlife habitats, or local regulations.High Initial Costs: The upfront investment for solar panels, inverters, storage systems, and
installation remains substantial. Although operational savings and incentives offset these costs over time, the initial expense deters some potential users.Efficiency Drop with Temperature: Solar panel efficiency declines in extremely high temperatures. Regions with intense heat may see reduced performance, despite high levels of sunlight.Recycling
and Disposal Issues: Solar panels, which contain materials like silicon and rare metals, pose challenges when they reach the end of their lifespan. Recycling processes are complex, and improper disposal risks environmental harm.Managing these challenges requires advancements in technology and infrastructure. Effective solutions would broaden
the applicability of solar power and enhance its reliability as a sustainable energy source.Solar energy generation is an incredible blend of science and sustainability, offering a pathway to cleaner and more efficient energy use. Understanding how sunlight transforms into electricity highlights the innovation behind this technology and its potential to
reshape our energy future.While challenges exist, ongoing advancements are making solar power more accessible and efficient. By embracing solar energy, were not just reducing our carbon footprint but also investing in a more sustainable and resilient energy system for future generations. The amount of sunlight that strikes the earth's surface in
an hour and a half is enough to handle the entire world's energy consumption for a full year. Solar technologies convert sunlight into electrical energy either through photovoltaic (PV) panels or through mirrors that concentrate solar radiation. This energy can be used to generate electricity or be stored in batteries or thermal storage.Below, you can
find resources and information onthe basics ofsolar radiation, photovoltaic and concentrating solar-thermal power technologies, electrical grid systems integration, and the non-hardware aspects (soft costs) of solar energy.You can also learn more about how to go solar andthe solar energy industry. In addition, you can dive deeper into solar energy
and learn about howthe U.S. Department of Energy Solar Energy Technologies Office is driving innovativeresearch and developmentin these areas.Solar Energy 101Solar radiation is light also known as electromagnetic radiation that is emitted by the sun. While every location on Earth receives some sunlight over a year, the amount of solar radiation
that reaches any one spot on the Earths surface varies. Solar technologies capture this radiation and turn it into useful forms of energy. Learn about the basics of solar radiation. There are two main types of solar energy technologiesphotovoltaics(PV) andconcentrating solar-thermal power(CSP). You're likely most familiar with PV, which is utilized in
solar panels. When the sun shines onto a solar panel, energyfrom the sunlight isabsorbed by the PV cells in the panel. This energy creates electrical charges that move in response to an internal electrical field in the cell, causing electricity to flow. Concentrating solar-thermal power (CSP) systems use mirrors to reflect and concentrate sunlight onto
receivers that collect solar energy and convert it to heat, which can then be used to produce electricity or stored for later use. It is used primarily in very large power plants. Solar energy technology doesnt end with electricity generation by PV or CSP systems. These solar energy systems must be integrated into homes, businesses, and existing
electrical grids with varying mixtures of traditional and other renewable energy sources. A number of non-hardware costs, known as soft costs, also impact the cost of solar energy. These costs include permitting, financing, and installing solar, as well as the expenses solar companies incur to acquire new customers, pay suppliers, and cover their
bottom line. For rooftop solar energy systems, soft costs represent the largest share of total costs. Solar energy can help to reduce the cost of electricity, contribute to a resilient electrical grid, create jobs and spur economic growth, generate back-up power for nighttime and outages when paired with storage, and operate at similar efficiency on both
small and large scales. Solar energy systems come in all shapes and sizes. Residential systems are found on rooftops across the United States, and businesses are also opting to install solar panels. Utilities, too, are building large solar power plants to provide energy to all customers connected to the grid. Learn more about the innovative research the
Solar Energy Technologies Officeis doing in these areas. You probably already know that solar panels use the sun's energy to generate clean, usable electricity. But have you ever wondered how they do it?At a high level, solar panels are made up of solar cells, which absorb sunlight. They use this sunlight to create direct current (DC) electricity
through a process called "the photovoltaic effect." Because most appliances don't use DC electricity, devices called inverters then convert it to alternating current (AC) electricity, the form that your home can use. This is the electricity that ultimately saves you money on electric bills.Don't worrywe're not here to overwhelm you with the nitty-gritty
details. But if you want to explore how solar panels create electricity a bit more, we'll explain what you should know.Find out what solar panels cost in your area in 2025 100% free to use, 100% online Access the lowest prices from installers near you Unbiased Energy Advisors ready to helpSolar cells are typically made from a material called silicon,
which generates electricity through a process known as the photovoltaic effect.Solar inverters convert DC electricity into AC electricity, the electrical current appliances run on when plugged into a standard wall socket.Other types of solar technology include solar hot water and concentrated solar power. They both use the sun's energy but work
differently than traditional solar panels.To start, what exactly is solar energy?Solar energy is the light and heat that come from the sun. To understand how it's produced, let's start with the smallest form of solar energy: the photon.Photons are waves and particles created in the sun's core (the hottest part of the sun) through a process called nuclear
fusion. The sun's core is a whopping 27 million degrees Fahrenheit. This extreme temperature and pressure causes hydrogen atoms to collide and fuse, creating helium. The reaction releases massive amounts of energy in the form of photons.This process is constant. Over 500 million tons of hydrogen atoms are converted into helium every second,
resulting in photons that generate solar energy here on Earth.How solar panels work: The photovoltaic effect explainedIn a nutshell, solar panels generate electricity when photons (those particles of sunlight we discussed before) hit solar cells. The process is called the photovoltaic effect.First discovered in 1839 by Edmond Becquerel, the
photovoltaic effect is characteristic of certain materials (known as semiconductors) that allow them to generate an electrical current when exposed to sunlight.About 95% of solar cells are made from the element silicon, a nonmetal semiconductor that can absorb and convert sunlight into electricity through the photovoltaic effect. Here's how it
works:Solar cells have two layers of silicon. Each one is specially treated, or "doped," with phosphorus and boron to create the positive and negative sides of the solar cell, respectively. When photons hit the solar cells, they create an electric field at the junction between the layers.This electric field knocks electrons loose from the atoms in solar cells,
setting them in motion.The electrons flow through the solar cell and out of the junction, generating an electrical current.Metal plates on each side of the solar cells capture the electrical current and transfer it to connecting wires.The electrical current flows through the wires to a solar inverter (or multiple inverters), which converts it to usable
electricity for your home (more on this part below).Alternatives to silicon solar cellsThin-film solar cellsWhile silicon is the most common semiconductor used in solar panels, alternative options exist.Thin-film solar cells are a general category of solar cells made from lightweight and/or flexible materials. There are four main chemical types of thin-film
solar cells: cadmium telluride (CdTe), amorphous silicon (a-Si), copper indium gallium selenide (CIGS), and gallium arsenide (GaAs). The light-absorbing layers in these cells are 350 times smaller than silicon cells, hence the name "thin film."Organic solar cells are a separate type of thin-film solar cell that use carbon-based materials as
semiconductors. These types of organic photovoltaics (OPV) are also sometimes referred to as "plastic solar cells" or "polymer solar cells." They're produced by dissolving organic compounds in ink and printing them onto thin plastics.Perovskite solar cells are a third type of thin-film solar cells built out of perovskites, a class of man-made materials
with a unique crystallographic structure that makes them highly efficient at converting photons of light into usable electricity. Perovskite cells are built using "solution processing," the same technique used to print newspapers. These types of solar cells are becoming more popular.What are solar panels made of?A typical solar module includes a few
essential parts:Solar cells: We've already talked about these, but solar cells absorb sunlight. There are generally two types of silicon solar cells: monocrystalline and polycrystalline. Monocrystalline cells include a single silicon crystal, while polycrystalline cells contain silicon fragments. Monocrystalline cells provide more room for electrons compared
to polycrystalline cells, resulting in higher efficiency (and more expensive) solar panels.Glass casing: Provides durability and protection for solar cells.Insulation layer and back sheet: These are under the glass exterior and protect against heat dissipation and humidity inside the panel, which can result in lower solar panel performance.Anti-reflective
coating: Increases sunlight absorption and gives the cells maximum sunlight exposure.12V wire: Regulates the amount of electricity transferred to your inverter.Bus wire: Connects silicon solar cells and carries the electrical current.Learn more about what solar panel components How do solar panels generate electricity for your home? Step-by-step
explanationGenerating an electric current is the first step in the process of a solar panels working, but the process doesn't end there. Here's how solar arrays create a usable electricity system for your home:Solar inverters convert DC electricity to usable AC electricityYour home can't use DC electricity directlyit needs to be converted to alternating
current (AC) electricity first. Most household appliances use AC electricity, which can reverse direction and flow back and forth.This is where inverters come into play. They convert the DC electricity from your solar panels to usable AC electricity. You could have one central inverter on the side of your house or microinverters on the back of each
panel.Excess electricity produced by solar panels goes to the electric gridIf you have a grid-tied solar energy system, electricity can run both to and from the power grid. If you live in an area with net metering, you can even earn electric bill credits from your utility company when you send excess electricity to the grid. Depending on the specifics of
your utility's policy, net metering can make it so that you owe very little (sometimes even nothing) on your electric bills year-round.What types of solar technology exist?So far, we've been talking about photovoltaic (PV) solar because it's what many homes and businesses use to generate free, clean electricity. However, other types of solar technology
existthe two most common are solar hot water and concentrated solar power.Solar hot water heaterSolar hot water systems capture thermal energy from the sun and use it to heat water for your home. These systems consist of several major components: collectors, a storage tank, a heat exchanger, a controller system, and a backup heater.In a solar
hot water system, there's no movement of electrons, and no creation of electricity. Instead, the solar panels, known as "collectors," transform solar energy into heat. Sunlight passes through a collector's glass covering, striking a component called an absorber plate, which has a coating designed to capture solar energy and convert it to heat. The heat
is transferred to a "transfer fluid" (either antifreeze or potable water) contained in small pipes in the plate.Concentrated solar powerConcentrated solar power (CSP) works similarly to solar hot water in that it transforms sunlight into heatbut it doesn't stop there. CSP technology concentrates solar thermal energy using mirrors and turns it into
electricity.At a CSP installation, mirrors reflect the sun to a focal point. At this focal point is an absorber or receiver that collects and stores heat energy, which drives a heat engine (typically a steam turbine), generating electricity.CSP is most often used in utility-scale installations to help provide power to the electric grid. It's an alternative to fossil
fuel-based power plants.Learn more about the best solar panels in 2025 Find out what solar panels cost in your area in 2025 100% free to use, 100% online Access the lowest prices from installers near you Unbiased Energy Advisors ready to helpThe GB system is changing quickly and were seeing more renewable sources of electricity, such as wind
and solar, come into the market.In fact, you can see real time information on how GBs electricity is being produced, including the % of solar generation, on our free Carbon Intensity app.Download the app fromGoogle Play StoreandThe App Store.A complex set of processes are involved in keeping the power system stable and currently those
processes, the foundations of the electricity system, rely to some extent on the intrinsic nature of traditional fossil-fuelled generation. But new technology means that as well as wind and solar farms providing power, they can also be used to manage key properties of electricity such as frequency and voltage.By 2025, its our ambition to be able to
operate the electricity system at zero carbon without the need to burn fossil fuels to keep it stable. Earth, Climate and Environmental News, Data Analysis, Research & Policy Solutions. Keep freshly informedGet the best of Earth.OrgGet focused newsletters especially designed to be concise and easy to digest. Radiant light and heat from the Sun,
harnessed with technologyThis article is about radiant light and heat from the Sun that is harnessed using a range of technologies. For more detail about the generation of electricity using solar energy, see Solar power. For the academic journal, see Solar Energy (journal).This article duplicates the scope of other articles, specifically Solar power.
Please discuss this issue and help introduce a summary style to the article. (November 2022) The Sun produces electromagnetic radiation that can be harnessed as useful energy.Part of a series onSustainable energyEnergy conservationArcologyBuilding insulationCogenerationCompact fluorescent lampEco hotelEco-citiesEcohouseEcolabelEfficient
energy useEnergy auditEnergy efficiency implementationEnergy recoveryEnergy recyclingEnergy saving lampEnergy StarEnergy storageEnvironmental planningEnvironmental technologyFossil fuel phase-outGlass in green buildingsGreen building and woodGreen buildingHeat pumpList of low-energy building techniquesLow-energy
houseMicrogenerationPassive housePassive solar building designSustainable architectureSustainable citySustainable habitatSustainable refurbishmentThermal energy storageTropical green buildingWaste-to-energyZero heating buildingZero-energy buildingRenewable energyBiofuelSustainableBiogasBiomassCarbon-neutral fuelGeothermal
energyGeothermal powerGeothermal heatingHydropowerHydroelectricityMicro hydroPico hydroRun-of-the-riverSmall hydroMarine current powerMarine energyTidal powerTidal barrageTidal farmTidal stream generatorOcean thermal energy conversionRenewable energy transitionRenewable heatSolarWaveWindCommunityFarmFloating wind
turbineForecastingIndustryLensOutlineRightsTurbineWindbeltWindpumpSustainable transportGreen vehicleElectric vehicleBicycleSolar vehicleWind-powered vehicleHuman-electricTwikePlug-inHuman-powered transportHelicopterHydrofoilLand vehicleBicycleCycle rickshawKick scooterQuadracycleTricycleVelomobileRoller
skatingSkateboardingWalkingWatercraftPersonal transporterRail transportTramRapid transitPersonal rapid transitCategory Renewable energy portalvteSolar energy is the radiant energy from the Sun's light and heat, which can be harnessed using a range of technologies such as solar electricity, solar thermal energy (including solar water heating)
and solar architecture.[1][2][3] It is an essential source of renewable energy, and its technologies are broadly characterized as either passive solar or active solar depending on how they capture and distribute solar energy or convert it into solar power. Active solar techniques include the use of photovoltaic systems, concentrated solar power, and
solar water heating to harness the energy. Passive solar techniques include designing a building for better daylighting, selecting materials with favorable thermal mass or light-dispersing properties, and organizing spaces that naturally circulate air.In 2011, the International Energy Agency said that "the development of affordable, inexhaustible and
clean solar energy technologies will have huge longer-term benefits. It will increase countries' energy security through reliance on an indigenous, inexhaustible, and mostly import-independent resource, enhance sustainability, reduce pollution, lower the costs of mitigating global warming .... these advantages are global".[1][4]Further information:
Solar radiationAbout half the incoming solar energy reaches the Earth's surface.Average insolation. The theoretical area of the small black dots is sufficient to supply the world's total energy needs of 18 TW with solar power.Global map of horizontal irradiation[5]The Earth receives 174petawatts (PW) of incoming solar radiation (insolation) at the
upper atmosphere.[6] Approximately 30% is reflected back to space while the rest, 122 PW, is absorbed by clouds, oceans and land masses. The spectrum of solar light at the Earth's surface is mostly spread across the visible and near-infrared ranges with a small part in the near-ultraviolet.[7] Most of the world's population live in areas with insolation
levels of 150300 watts/m2, or 3.57.0 kWh/m2 per day.[8]Solar radiation is absorbed by the Earth's land surface, oceans which cover about 71% of the globe and atmosphere. Warm air containing evaporated water from the oceans rises, causing atmospheric circulation or convection. When the air reaches a high altitude, where the temperature is low,
water vapor condenses into clouds, which rain onto the Earth's surface, completing the water cycle. The latent heat of water condensation amplifies convection, producing atmospheric phenomena such as wind, cyclones and anticyclones.[9] Sunlight absorbed by the oceans and land masses keeps the surface at an average temperature of 14C.[10] By
photosynthesis, green plants convert solar energy into chemically stored energy, which produces food, wood and the biomass from which fossil fuels are derived.[11]The total solar energy absorbed by Earth's atmosphere, oceans and land masses is approximately 122 PWyear = 3,850,000exajoules (E]) per year.[12] In 2002 (2019), this was more
energy in one hour (one hour and 25 minutes) than the world used in one year.[13][14] Photosynthesis captures approximately 3,000E] per year in biomass.[15]Yearly solar fluxes & human consumption1Solar3,850,000[12]Wind2,250[16]Biomass potential~200[17]Primary energy use2633[18]Electricity2~86[19]1 Energy given in Exajoule (EJ) = 1018
J = 278 TWh2 Consumption as of year 2019The potential solar energy that could be used by humans differs from the amount of solar energy present near the surface of the planet because factors such as geography, time variation, cloud cover, and the land available to humans limit the amount of solar energy that we can acquire. In 2021, Carbon
Tracker Initiative estimated the land area needed to generate all our energy from solar alone was 450,000 km2 or about the same as the area of Sweden, or the area of Morocco, or the area of California (0.3% of the Earth's total land area).[20]Solar technologies are categorized as either passive or active depending on the way they capture, convert
and distribute sunlight and enable solar energy to be harnessed at different levels around the world, mostly depending on the distance from the Equator. Although solar energy refers primarily to the use of solar radiation for practical ends, all types of renewable energy, other than geothermal power and tidal power, are derived either directly or
indirectly from the Sun.Active solar techniques use photovoltaics, concentrated solar power, solar thermal collectors, pumps, and fans to convert sunlight into useful output. Passive solar techniques include selecting materials with favorable thermal properties, designing spaces that naturally circulate air, and referencing[clarification needed] the
position of a building to the Sun. Active solar technologies increase the supply of energy and are considered supply side technologies, while passive solar technologies reduce the need for alternative resources and are generally considered demand-side technologies.[21]In 2000, the United Nations Development Programme, UN Department of
Economic and Social Affairs, and World Energy Council published an estimate of the potential solar energy that could be used by humans each year. This took into account factors such as insolation, cloud cover, and the land that is usable by humans. It was stated that solar energy has a global potential of 1,600 to 49,800 exajoules (4.41014 to
1.41016kWh) per year (see table below).[22]Annual solar energy potential by region (Exajoules) [22]RegionNorth Americalatin Americaand CaribbeanWesternEuropeCentral andEastern EuropeFormerSoviet UnionMiddle East andNorth AfricaSub-
SaharanAfricaPacificAsiaSouthAsiaCentrallyplannedAsiaPacificOECDMinimum181.1112.625.14.5199.3412.4371.941.038.8115.572.6Maximum?7,4103,3859141548,65511,0609,5289941,3394,1352,263Notes:Total global annual solar energy potential amounts to 1,575 EJ (minimum) to 49,837 EJ (maximum)Data reflects assumptions of annual clear sky
irradiance, annual average sky clearance, and available land area. All figures given in Exajoules.Quantitative relation of global solar potential vs. the world's primary energy consumption:Ratio of potential vs. current consumption (402 E]J) as of year: 3.9 (minimum) to 124 (maximum)Ratio of potential vs. projected consumption by 2050 (5901,050 E]J):
1.52.7 (minimum) to 4784 (maximum)Ratio of potential vs. projected consumption by 2100 (8801,900 EJ): 0.81.8 (minimum) to 2657 (maximum)Source: United Nations Development Programme World Energy Assessment (2000)[22]Main article: Solar thermal energySolar thermal technologies can be used for water heating, space heating, space
cooling and process heat generation.[23]In 1878, at the Universal Exposition in Paris, Augustin Mouchot successfully demonstrated a solar steam engine but could not continue development because of cheap coal and other factors.1917 patent drawing of Shuman's solar collectorIn 1897, Frank Shuman, a US inventor, engineer and solar energy
pioneer built a small demonstration solar engine that worked by reflecting solar energy onto square boxes filled with ether, which has a lower boiling point than water and were fitted internally with black pipes which in turn powered a steam engine. In 1908 Shuman formed the Sun Power Company with the intent of building larger solar power plants.
He, along with his technical advisor A.S.E. Ackermann and British physicist Sir Charles Vernon Boys,[24] developed an improved system using mirrors to reflect solar energy upon collector boxes, increasing heating capacity to the extent that water could now be used instead of ether. Shuman then constructed a full-scale steam engine powered by
low-pressure water, enabling him to patent the entire solar engine system by 1912.Shuman built the world's first solar thermal power station in Maadi, Egypt, between 1912 and 1913. His plant used parabolic troughs to power a 4552 kilowatts (6070hp) engine that pumped more than 22,000 litres (4,800impgal; 5,800USgal) of water per minute from
the Nile River to adjacent cotton fields. Although the outbreak of World War I and the discovery of cheap oil in the 1930s discouraged the advancement of solar energy, Shuman's vision, and basic design were resurrected in the 1970s with a new wave of interest in solar thermal energy.[25] In 1916 Shuman was quoted in the media advocating solar
energy's utilization, saying:We have proved the commercial profit of sun power in the tropics and have more particularly proved that after our stores of oil and coal are exhausted the human race can receive unlimited power from the rays of the Sun.Frank Shuman, New York Times, 2 July 1916[26]Main articles: Solar hot water and Solar
combisystemSolar water heaters facing the Sun to maximize gainSolar hot water systems use sunlight to heat water. In middle geographical latitudes (between 40degrees north and 40degrees south), 60 to 70% of the domestic hot water use, with water temperatures up to 60C (140F), can be provided by solar heating systems.[27] The most common
types of solar water heaters are evacuated tube collectors (44%) and glazed flat plate collectors (34%) generally used for domestic hot water; and unglazed plastic collectors (21%) used mainly to heat swimming pools.[28]As of 2015, the total installed capacity of solar hot water systems was approximately 436 thermal gigawatt (GWth), and China is
the world leader in their deployment with 309GWth installed, taken up 71% of the market.[29] Israel and Cyprus are the per capita leaders in the use of solar hot water systems with over 90% of homes using them.[30] In the United States, Canada, and Australia, heating swimming pools is the dominant application of solar hot water with an installed
capacity of 18GWth as of 2005.[21]Main articles: Solar heating, Thermal mass, Solar chimney, and Solar air conditioningIn the United States, heating, ventilation and air conditioning (HVAC) systems account for 30% (4.65E]/yr) of the energy used in commercial buildings and nearly 50% (10.1E]J/yr) of the energy used in residential buildings.[31][32]
Solar heating, cooling and ventilation technologies can be used to offset a portion of this energy. Use of solar for heating can roughly be divided into passive solar concepts and active solar concepts, depending on whether active elements such as sun tracking and solar concentrator optics are used.MIT's Solar House #1, built in 1939 in the US, used
seasonal thermal energy storage for year-round heating.Thermal mass is any material that can be used to store heatheat from the Sun in the case of solar energy. Common thermal mass materials include stone, cement, and water. Historically they have been used in arid climates or warm temperate regions to keep buildings cool by absorbing solar
energy during the day and radiating stored heat to the cooler atmosphere at night. However, they can be used in cold temperate areas to maintain warmth as well. The size and placement of thermal mass depend on several factors such as climate, daylighting, and shading conditions. When duly incorporated, thermal mass maintains space
temperatures in a comfortable range and reduces the need for auxiliary heating and cooling equipment.[33]A solar chimney (or thermal chimney, in this context) is a passive solar ventilation system composed of a vertical shaft connecting the interior and exterior of a building. As the chimney warms, the air inside is heated, causing an updraft that
pulls air through the building. Performance can be improved by using glazing and thermal mass materials[34] in a way that mimics greenhouses.Deciduous trees and plants have been promoted as a means of controlling solar heating and cooling. When planted on the southern side of a building in the northern hemisphere or the northern side in the
southern hemisphere, their leaves provide shade during the summer, while the bare limbs allow light to pass during the winter.[35] Since bare, leafless trees shade 1/3 to 1/2 of incident solar radiation, there is a balance between the benefits of summer shading and the corresponding loss of winter heating.[36] In climates with significant heating
loads, deciduous trees should not be planted on the Equator-facing side of a building because they will interfere with winter solar availability. They can, however, be used on the east and west sides to provide a degree of summer shading without appreciably affecting winter solar gain.[37]Main article: Solar cookerParabolic dish produces steam for
cooking, in Auroville, India.Solar cookers use sunlight for cooking, drying, and pasteurization. They can be grouped into three broad categories: box cookers, panel cookers, and reflector cookers.[38] The simplest solar cooker is the box cooker first built by Horace de Saussure in 1767.[39] A basic box cooker consists of an insulated container with a
transparent lid. It can be used effectively with partially overcast skies and will typically reach temperatures of 90150C (194302F).[40] Panel cookers use a reflective panel to direct sunlight onto an insulated container and reach temperatures comparable to box cookers. Reflector cookers use various concentrating geometries (dish, trough, Fresnel
mirrors) to focus light on a cooking container. These cookers reach temperatures of 315C (599F) and above but require direct light to function properly and must be repositioned to track the Sun.[41]Main articles: Solar pond, Salt evaporation pond, and Solar furnaceSolar concentrating technologies such as parabolic dish, trough and Scheffler
reflectors can provide process heat for commercial and industrial applications. The first commercial system was the Solar Total Energy Project (STEP) in Shenandoah, Georgia, US where a field of 114 parabolic dishes provided 50% of the process heating, air conditioning and electrical requirements for a clothing factory. This grid-connected
cogeneration system provided 400kW of electricity plus thermal energy in the form of 401kW steam and 468kW chilled water and had a one-hour peak load thermal storage.[42] Evaporation ponds are shallow pools that concentrate dissolved solids through evaporation. The use of evaporation ponds to obtain salt from seawater is one of the oldest
applications of solar energy. Modern uses include concentrating brine solutions used in leach mining and removing dissolved solids from waste streams.[43]Clothes lines, clotheshorses, and clothes racks dry clothes through evaporation by wind and sunlight without consuming electricity or gas. In some states of the United States legislation protects
the "right to dry" clothes.[44] Unglazed transpired collectors (UTC) are perforated sun-facing walls used for preheating ventilation air. UTCs can raise the incoming air temperature up to 22C (40F) and deliver outlet temperatures of 4560C (113140F).[45] The short payback period of transpired collectors (3 to 12years) makes them a more cost-
effective alternative than glazed collection systems.[45] As of 2003, over 80 systems with a combined collector area of 35,000 square metres (380,000sft) had been installed worldwide, including an 860m2 (9,300sqft) collector in Costa Rica used for drying coffee beans and a 1,300m2 (14,000sgft) collector in Coimbatore, India, used for drying
marigolds.[46][needs update]Main articles: Solar still, Solar water disinfection, Solar desalination, and Solar Powered Desalination UnitSolar water disinfection in IndonesiaSolar distillation can be used to make saline or brackish water potable. The first recorded instance of this was by 16th-century Arab alchemists.[47] A large-scale solar distillation
project was first constructed in 1872 in the Chilean mining town of Las Salinas.[48] The plant, which had solar collection area of 4,700m2 (51,000sqft), could produce up to 22,700L (5,000impgal; 6,000USgal) per day and operate for 40years.[48] Individual still designs include single-slope, double-slope (or greenhouse type), vertical, conical, inverted
absorber, multi-wick, and multiple effect. These stills can operate in passive, active, or hybrid modes. Double-slope stills are the most economical for decentralized domestic purposes, while active multiple effect units are more suitable for large-scale applications.[47]Solar water disinfection (SODIS) involves exposing water-filled plastic polyethylene
terephthalate (PET) bottles to sunlight for several hours.[49] Exposure times vary depending on weather and climate from a minimum of six hours to two days during fully overcast conditions.[50] It is recommended by the World Health Organization as a viable method for household water treatment and safe storage.[51] Over two million people in
developing countries use this method for their daily drinking water.[50]Solar energy may be used in a water stabilization pond to treat waste water without chemicals or electricity. A further environmental advantage is that algae grow in such ponds and consume carbon dioxide in photosynthesis, although algae may produce toxic chemicals that make
the water unusable.[52][53]Molten salt can be employed as a thermal energy storage method to retain thermal energy collected by a solar tower or solar trough of a concentrated solar power plant so that it can be used to generate electricity in bad weather or at night. It was demonstrated in the Solar Two project from 1995 to 1999. The system is
predicted to have an annual efficiency of 99%, a reference to the energy retained by storing heat before turning it into electricity, versus converting heat directly into electricity.[54][55][56] The molten salt mixtures vary. The most extended mixture contains sodium nitrate, potassium nitrate and calcium nitrate. It is non-flammable and non-toxic, and
has already been used in the chemical and metals industries as a heat-transport fluid. Hence, experience with such systems exists in non-solar applications.The salt melts at 131C (268F). It is kept liquid at 288C (550F) in an insulated "cold" storage tank. The liquid salt is pumped through panels in a solar collector where the focused irradiance heats it
to 566C (1,051F). It is then sent to a hot storage tank. This is so well insulated that the thermal energy can be usefully stored for up to a week.[57]When electricity is needed, the hot salt is pumped to a conventional steam-generator to produce superheated steam for a turbine/generator as used in any conventional coal, oil, or nuclear power plant. A
100-megawatt turbine would need a tank about 9.1 metres (30ft) tall and 24 metres (79ft) in diameter to drive it for four hours by this design.Several parabolic trough power plants in Spain[58] and solar power tower developer SolarReserve use this thermal energy storage concept. The Solana Generating Station in the U.S. has six hours of storage by
molten salt. In Chile, The Cerro Dominador power plant has a 110MW solar-thermal tower, the heat is transferred to molten salts.[59]The molten salts then transfer their heat in a heat exchanger to water, generating superheated steam, which feeds a turbine that transforms the kinetic energy of the steam into electric energy using the Rankine cycle.
[60] In this way, the Cerro Dominador plant is capable of generating around 110 MW of power.[61]The plant has an advanced storage system enabling it to generate electricity for up to 17.5 hours without direct solar radiation, which allows it to provide a stable electricity supply without interruptions if required. The Project secured up to 950 GWh
per year sale. Another project is the Mara Elena plant[62] is a 400MW thermo-solar complex in the northern Chilean region of Antofagasta employing molten salt technology.Greencap Energy solar array on NHS hospital in Keighley, EnglandThese paragraphs are an excerpt from Solar power.[edit]Solar power, also known as solar electricity, is the
conversion of energy from sunlight into electricity, either directly using photovoltaics (PV) or indirectly using concentrated solar power. Solar panels use the photovoltaic effect to convert light into an electric current.[63] Concentrated solar power systems use lenses or mirrors and solar tracking systems to focus a large area of sunlight to a hot spot,
often to drive a steam turbine.Photovoltaics (PV) were initially solely used as a source of electricity for small and medium-sized applications, from the calculator powered by a single solar cell to remote homes powered by an off-grid rooftop PV system. Commercial concentrated solar power plants were first developed in the 1980s. Since then, as the
cost of solar panels has fallen, grid-connected solar PV systems' capacity and production has doubled about every three years. Three-quarters of new generation capacity is solar,[64] with both millions of rooftop installations and gigawatt-scale photovoltaic power stations continuing to be built.In 2024, solar power generated 6.9% (2,132 TWh) of
global electricity and over 1% of primary energy, adding twice as much new electricity as coal.[65][66] Along with onshore wind power, utility-scale solar is the source with the cheapest levelised cost of electricity for new installations in most countries.[67]1[68] As of 2023, 33 countries generated more than a tenth of their electricity from solar, with
China making up more than half of solar growth.[69]Almost half the solar power installed in 2022 was mounted on rooftops.[70] Much more low-carbon power is needed for electrification and to limit climate change.[64] The International Energy Agency said in 2022 that more effort was needed for grid integration and the mitigation of policy,
regulation and financing challenges.[71] Nevertheless solar may greatly cut the cost of energy.[66]Main article: Concentrated solar powerConcentrating Solar Power (CSP) systems use lenses or mirrors and tracking systems to focus a large area of sunlight into a small beam. The concentrated heat is then used as a heat source for a conventional
power plant. A wide range of concentrating technologies exists; the most developed are the parabolic trough, the solar tower collectors, the concentrating linear Fresnel reflector, and the Stirling dish. Various techniques are used to track the Sun and focus light. In all of these systems, a working fluid is heated by the concentrated sunlight, and is
then used for power generation or energy storage.[72] Designs need to account for the risk of a dust storm, hail, or another extreme weather event that can damage the fine glass surfaces of solar power plants. Metal grills would allow a high percentage of sunlight to enter the mirrors and solar panels while also preventing most damage.Main articles:
Passive solar building design and Urban heat islandDarmstadt University of Technology, Germany, won the 2007 Solar Decathlon in Washington, DC with this passive house designed for humid and hot subtropical climate.[73]Sunlight has influenced building design since the beginning of architectural history.[74] Advanced solar architecture and
urban planning methods were first employed by the Greeks and Chinese, who oriented their buildings toward the south to provide light and warmth.[75]The common features of passive solar architecture are orientation relative to the Sun, compact proportion (a low surface area to volume ratio), selective shading (overhangs) and thermal mass.[74]
When these features are tailored to the local climate and environment, they can produce well-lit spaces that stay in a comfortable temperature range. Socrates' Megaron House is a classic example of passive solar design.[74] The most recent approaches to solar design use computer modeling tying together solar lighting, heating and ventilation
systems in an integrated solar design package.[76] Active solar equipment such as pumps, fans, and switchable windows can complement passive design and improve system performance.Urban heat islands (UHI) are metropolitan areas with higher temperatures than that of the surrounding environment. The higher temperatures result from
increased absorption of solar energy by urban materials such as asphalt and concrete, which have lower albedos and higher heat capacities than those in the natural environment. A straightforward method of counteracting the UHI effect is to paint buildings and roads white and to plant trees in the area. Using these methods, a hypothetical "cool
communities" program in Los Angeles has projected that urban temperatures could be reduced by approximately 3C at an estimated cost of US$1 billion, giving estimated total annual benefits of US$530 million from reduced air-conditioning costs and healthcare savings.[77]Greenhouses like these in the Westland municipality of the Netherlands grow
vegetables, fruits and flowers.Agriculture and horticulture seek to optimize the capture of solar energy to optimize the productivity of plants. Techniques such as timed planting cycles, tailored row orientation, staggered heights between rows and the mixing of plant varieties can improve crop yields.[78][79][80] While sunlight is generally considered
a plentiful resource, the exceptions highlight the importance of solar energy to agriculture. During the short growing seasons of the Little Ice Age, French and English farmers employed fruit walls to maximize the collection of solar energy. These walls acted as thermal masses and accelerated ripening by keeping plants warm. Early fruit walls were
built perpendicular to the ground and facing south, but over time, sloping walls were developed to make better use of sunlight. In 1699, Nicolas Fatio de Duillier even suggested using a tracking mechanism which could pivot to follow the Sun.[81] Applications of solar energy in agriculture aside from growing crops include pumping water, drying
crops, brooding chicks and drying chicken manure.[46][82] More recently the technology has been embraced by vintners, who use the energy generated by solar panels to power grape presses.[83]Greenhouses convert solar light to heat, enabling year-round production and the growth (in enclosed environments) of specialty crops and other plants not
naturally suited to the local climate. Primitive greenhouses were first used during Roman times to produce cucumbers year-round for the Roman emperor Tiberius.[84] The first modern greenhouses were built in Europe in the 16th century to keep exotic plants brought back from explorations abroad.[85] Greenhouses remain an important part of
horticulture today. Plastic transparent materials have also been used to similar effect in polytunnels and row covers.Main articles: Solar vehicle, Solar-charged vehicle, Electric boat, Solar balloon, and Solar aircraftWinner of the 2013 World Solar Challenge in AustraliaSolar electric aircraft circumnavigating the globe in 2015Development of a solar-
powered car has been an engineering goal since the 1980s. The World Solar Challenge is a biannual solar-powered car race, where teams from universities and enterprises compete over 3,021 kilometres (1,877mi) across central Australia from Darwin to Adelaide. In 1987, when it was founded, the winner's average speed was 67 kilometres per hour
(42mph) and by 2007 the winner's average speed had improved to 90.87 kilometres per hour (56.46mph).[86]The North American Solar Challenge and the planned South African Solar Challenge are comparable competitions that reflect an international interest in the engineering and development of solar powered vehicles.[87]1[88]Some vehicles use
solar panels for auxiliary power, such as for air conditioning, to keep the interior cool, thus reducing fuel consumption.[89][90]In 1975, the first practical solar boat was constructed in England.[91] By 1995, passenger boats incorporating PV panels began appearing and are now used extensively.[92] In 1996, Kenichi Horie made the first solar-
powered crossing of the Pacific Ocean, and the Sun21 catamaran made the first solar-powered crossing of the Atlantic Ocean in the winter of 20062007.[93] There were plans to circumnavigate the globe in 2010.[94]In 1974, the unmanned AstroFlight Sunrise airplane made the first solar flight. On 29 April 1979, the Solar Riser made the first flight in
a solar-powered, fully controlled, man-carrying flying machine, reaching an altitude of 40ft (12m). In 1980, the Gossamer Penguin made the first piloted flights powered solely by photovoltaics. This was quickly followed by the Solar Challenger which crossed the English Channel in July 1981. In 1990 Eric Scott Raymond in 21 hops flew from California
to North Carolina using solar power.[95] Developments then turned back to unmanned aerial vehicles (UAV) with the Pathfinder (1997) and subsequent designs, culminating in the Helios which set the altitude record for a non-rocket-propelled aircraft at 29,524 metres (96,864ft) in 2001.[96] The Zephyr, developed by BAE Systems, is the latest in a
line of record-breaking solar aircraft, making a 54-hour flight in 2007, and month-long flights were envisioned by 2010.[97] From March 2015 to July 2016, Solar Impulse, an electric aircraft, successfully circumnavigated the globe. It is a single-seat plane powered by solar cells and capable of taking off under its own power. The design allows the
aircraft to remain airborne for several days.[98]A solar balloon is a black balloon that is filled with ordinary air. As sunlight shines on the balloon, the air inside is heated and expands, causing an upward buoyancy force, much like an artificially heated hot air balloon. Some solar balloons are large enough for human flight, but usage is generally limited
to the toy market as the surface-area to payload-weight ratio is relatively high.[99]Squad SolarThe Squad Solar is a Neighborhood Electric Vehicle that has a solar roof and can be plugged into a normal 120 volt outlet to be charged.[100]Concentrated solar panels are getting a power boost. Pacific Northwest National Laboratory (PNNL) will be testing
a new concentrated solar power system one that can help natural gas power plants reduce their fuel usage by up to 20 percent.[needs update]Main articles: Solar chemical, Solar fuel, and Artificial photosynthesisSolar chemical processes use solar energy to drive chemical reactions. These processes offset energy that would otherwise come from a
fossil fuel source and can also convert solar energy into storable and transportable fuels. Solar induced chemical reactions can be divided into thermochemical or photochemical.[101] A variety of fuels can be produced by artificial photosynthesis.[102] The multielectron catalytic chemistry involved in making carbon-based fuels (such as methanol)
from reduction of carbon dioxide is challenging; a feasible alternative is hydrogen production from protons, though use of water as the source of electrons (as plants do) requires mastering the multielectron oxidation of two water molecules to molecular oxygen.[103] Some have envisaged working solar fuel plants in coastal metropolitan areas by 2050
the splitting of seawater providing hydrogen to be run through adjacent fuel-cell electric power plants and the pure water by-product going directly into the municipal water system.[104] In addition, chemical energy storage is another solution to solar energy storage.[105]Hydrogen production technologies have been a significant area of solar
chemical research since the 1970s. Aside from electrolysis driven by photovoltaic or photochemical cells, several thermochemical processes have also been explored. One such route uses concentrators to split water into oxygen and hydrogen at high temperatures (2,3002,600C or 4,2004,700F).[106] Another approach uses the heat from solar
concentrators to drive the steam reformation of natural gas thereby increasing the overall hydrogen yield compared to conventional reforming methods.[107] Thermochemical cycles characterized by the decomposition and regeneration of reactants present another avenue for hydrogen production. The Solzinc process under development at the
Weizmann Institute of Science uses a 1MW solar furnace to decompose zinc oxide (ZnO) at temperatures above 1,200C (2,200F). This initial reaction produces pure zinc, which can subsequently be reacted with water to produce hydrogen.[108]Main articles: Energy storage, Seasonal thermal energy storage, Phase change material, Grid energy
storage, and Vehicle-to-gridThermal energy storage. The Andasol CSP plant uses tanks of molten salt to store solar energy.Thermal mass systems can store solar energy in the form of heat at domestically useful temperatures for daily or interseasonal durations. Thermal storage systems generally use readily available materials with high specific heat
capacities such as water, earth and stone. Well-designed systems can lower peak demand, shift time-of-use to off-peak hours and reduce overall heating and cooling requirements.[109][110]Phase change materials such as paraffin wax and Glauber's salt are another thermal storage medium. These materials are inexpensive, readily available, and can



deliver domestically useful temperatures (approximately 64C or 147F). The "Dover House" (in Dover, Massachusetts) was the first to use a Glauber's salt heating system, in 1948.[111] Solar energy can also be stored at high temperatures using molten salts. Salts are an effective storage medium because they are low-cost, have a high specific heat
capacity, and can deliver heat at temperatures compatible with conventional power systems. The Solar Two project used this method of energy storage, allowing it to store 1.44 terajoules (400,000kWh) in its 68 m3 storage tank with an annual storage efficiency of about 99%.[112]Off-grid PV systems have traditionally used rechargeable batteries to
store excess electricity. With grid-tied systems, excess electricity can be sent to the transmission grid, while standard grid electricity can be used to meet shortfalls. Net metering programs give household systems credit for any electricity they deliver to the grid. This is handled by 'rolling back' the meter whenever the home produces more electricity
than it consumes. If the net electricity use is below zero, the utility then rolls over the kilowatt-hour credit to the next month.[113] Other approaches involve the use of two meters, to measure electricity consumed vs. electricity produced. This is less common due to the increased installation cost of the second meter. Most standard meters accurately
measure in both directions, making a second meter unnecessary.Pumped-storage hydroelectricity stores energy in the form of water pumped when energy is available from a lower elevation reservoir to a higher elevation one. The energy is recovered when demand is high by releasing the water, with the pump becoming a hydroelectric power
generator.[114]Participants in a workshop on sustainable development inspect solar panels at Monterrey Institute of Technology and Higher Education, Mexico City on top of a building on campus.Further information: Deployment of solar power to energy gridsSee also: Cost of electricity by source and Renewable energy by countryCost development
of solar PV modules per wattBeginning with the surge in coal use, which accompanied the Industrial Revolution, energy consumption steadily transitioned from wood and biomass to fossil fuels. The early development of solar technologies starting in the 1860s was driven by an expectation that coal would soon become scarce. However, development of
solar technologies stagnated in the early 20th century in the face of the increasing availability, economy, and utility of coal and petroleum.[115]The 1973 oil embargo and 1979 energy crisis caused a reorganization of energy policies around the world. It brought renewed attention to developing solar technologies.[116][117] Deployment strategies
focused on incentive programs such as the Federal Photovoltaic Utilization Program in the US and the Sunshine Program in Japan. Other efforts included the formation of research facilities in the US (SERI, now NREL), Japan (NEDO), and Germany (Fraunhofer Institute for Solar Energy Systems ISE).[118]Commercial solar water heaters began
appearing in the United States in the 1890s.[119] These systems saw increasing use until the 1920s but were gradually replaced by cheaper and more reliable heating fuels.[120] As with photovoltaics, solar water heating attracted renewed attention as a result of the oil crises in the 1970s, but interest subsided in the 1980s due to falling petroleum
prices. Development in the solar water heating sector progressed steadily throughout the 1990s, and annual growth rates have averaged 20% since 1999.[121] Although generally underestimated, solar water heating and cooling is by far the most widely deployed solar technology with an estimated capacity of 154 GW as of 2007.[121]The
International Energy Agency has said that solar energy can make considerable contributions to solving some of the most urgent problems the world now faces:[1]The development of affordable, inexhaustible, and clean solar energy technologies will have huge longer-term benefits. It will increase countries' energy security through reliance on an
indigenous, inexhaustible, and mostly import-independent resource, enhance sustainability, reduce pollution, lower the costs of mitigating climate change, and keep fossil fuel prices lower than otherwise. These advantages are global. Hence the additional costs of the incentives for early deployment should be considered learning investments; they
must be wisely spent and need to be widely shared.[1]In 2011, a report by the International Energy Agency found that solar energy technologies such as photovoltaics, solar hot water, and concentrated solar power could provide a third of the world's energy by 2060 if politicians commit to limiting climate change and transitioning to renewable
energy. The energy from the Sun could play a key role in de-carbonizing the global economy alongside improvements in energy efficiency and imposing costs on greenhouse gas emitters. "The strength of solar is the incredible variety and flexibility of applications, from small scale to big scale".[122]We have proved ... that after our stores of oil and
coal are exhausted the human race can receive unlimited power from the rays of the Sun.Frank Shuman, The New York Times, 2 July 1916.[26]In 2021 Lazard estimated the levelized cost of new build unsubsidized utility scale solar electricity at less than 37 dollars per MWh and existing coal-fired power above that amount.[123][124] The 2021 report
also said that new solar was also cheaper than new gas-fired power, but not generally existing gas power.[124]See also: Thin-film solar cellSolar cell efficiencies of various cell technologies (including both single-crystal and thin film technologies) as tracked by NRELMain article: Solar power Emerging technologiesConcentrated photovoltaics (CPV)
systems employ sunlight concentrated onto photovoltaic surfaces for the purpose of electricity generation. Thermoelectric, or "thermovoltaic" devices convert a temperature difference between dissimilar materials into an electric current.This section is an excerpt from Floating solar.[edit]Floating photovoltaic on an irrigation pondFloating solar or
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