
  

Working with the Sun  
By Pippa Buchanan 

It is easy to fall under the sun’s spell. Some people are intrigued by the sun’s physics: 

The nuclear fusion at its core which produces heat and light, or the 499 seconds it 

takes for its rays to reach Earth. Others are entranced by Sun deities such as Sunna 

(Norse), Bila (Adnyamathanha Australians) or Sekhmet (Ancient Egyptian). While 

there are many awe-inspiring aspects about the sun, one of the most rewarding ways 

to honour and respect it is to effectively use its energy in your permaculture design 

projects and life.  

The sun’s radiation is essential for energy flows on earth. The sun’s energy drives the 

seasons, water cycling, photosynthesis, ecological cycles, weather, and influences our 

moods. As permaculture practitioners, learning more about the sun can help us better 

understand its impact on the planet, and how we can productively harness its energy 

in the garden, our renewable energy systems and buildings.  To do this we have to 

discuss climate change, as some of the same things that are causing the biosphere to 

heat are also the qualities we want to work with in our homes and gardens.  

 

 

The Earth’s Solar Energy 

Budget. This diagram 

summarises how the sun’s 

energy is absorbed, trapped 

and reflected by Earth and 

its atmosphere. IMAGE: By 

NASA [Public domain], via 

Wikimedia Commons. 

Solar energy that 

reaches Earth is either 
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absorbed by solid masses, such as land and water, or reflected by high Albedo surfaces. 

Surfaces with high Albedo are shiny and light coloured like clouds, certain particles in 

the atmosphere and snow. A certain amount of reflected heat is absorbed by gases in 

the atmosphere and either slowly lost to space or reflected back onto earth. For 

millennia, this greenhouse effect provided by atmospheric gases such as water vapour 

(H2O), carbon dioxide (CO2) and methane (CH4) was one of the reasons Earth 

maintained a livable temperature range, thus supporting the emergence of life. Gases 

like CO2 and CH4 are continually released through natural processes such as breathing, 

decay and fire, and are consumed through photosynthesis, fire or microbial action.   

Since the Industrial Revolution, greenhouse gases have been released in vast and 

ever-increasing quantities. They absorb infrared radiation and radiate it back out, 

including down to the earth’s surface. The increased consumption of fossil fuels for 

transport, chemical production, and activities such as poorly managed agriculture, 

construction and heating and cooling buildings, has led to increased concentrations in 

the earth’s atmosphere. This means that, while we get the same amount of sun as 

before, more of its heat is being held in the atmosphere as there are more greenhouse 

gas molecules.  

Combined with changes to land use, such as the removal of forests (which would 

otherwise help to absorb these gases) we are now experiencing Anthropogenic 

(man-made) climate change.  This means that we have to limit the non-natural 

production of greenhouse gases and increase environmental sinks of CO2, such as 

increased forestry and grassland. We also need to adapt to living on a hotter planet. 

There are a multitude of ways that permaculture supports these activities. Designing 

and retrofitting our buildings to remain at comfortable temperatures is one of them.  

Understanding solar patterns, so that we can design our buildings to reflect and 

absorb the sun’s warmth at different times of the year, is critical to permaculture 

design and natural building.  Selecting local, natural building materials can influence 

our carbon footprint significantly through their reduced production and 

transportation costs. Despite these tried and tested methods, we continue to heat and 

cool buildings in ways that are unsustainable.  Historically, heating homes had been 

one of the biggest demands on energy in many parts of the world. More worryingly, 
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people are cooling homes more and more.  Annually, the energy required by 

air-conditioners in the US is greater than all the energy consumed in a year across the 

whole continent of Africa .   1

A large part of increased cooling and heating use is down to changes in lifestyles, and 

our personal and social expectations of what we deem to be a comfortable 

temperature. Keeping our bodies within a healthy temperature range is vital to staying 

alive, so maintaining a livable temperature in your home between 16° and 28°C is 

important. The most energy efficient way to do this is to design a building so that it 

blocks and reflects the summer sun, and absorbs and traps the winter sun.  

The annual sun pattern  

Over the year the Earth orbits the sun, different amounts of sunlight hit the Earth at 

different times. How this sun pattern plays out depends on your latitude, the position 

North or South between the Equator, and the poles. This is the pattern that informs 

the seasons and explains why it can be winter in London and hot summer in Cape 

Town at the same time.  This is why there are major differences in seasonal pattern 

and daylight hours between locations closer to the poles and those closer to the 

equator between the Tropics of Cancer and Capricorn.  

Working with solar charts 

Intuitively, we recognise the sun’s patterns in the changing of daylight hours, average 

temperatures and the boundless changes that take place in the natural world and our 

daily lives. These observations can be very experiential and personal. I love noticing 

when the crystals on my kitchen window sparkle with sunlight and experience great 

joy drinking tea in the sun.   

However, planning changes to our gardens, farms and buildings requires more 

accuracy, especially as our changes are often permanent and we want them to work 

year-round. In order to get meaningful sun information for our sector analysis, we 

1 
https://e360.yale.edu/features/cooling_a_warming_planet_a_global_air_conditioning_su
rge 
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need to build on our personal observations with hard facts. Over centuries, people 

from traditional cultures have made observations and recorded data about the sun’s 

angles, and scientists have developed mathematical formula to calculate the paths 

that the planets make around the Sun. Luckily for us, this information is represented 

in solar charts which we can obtain online.  In order to get the correct information for 

our site we need to find out our latitude and longitude.  

Find latitude and longitude 

Find your specific latitude and longitude using Google Maps: 

● Right mouse click on the location you want the coordinates for. 

● Click “What’s Here”. 

● The latitude and longitude will be shown in a pop-up layer.  

Search for the latitude and longitude via a search engine: 

● Search for “GPS coordinates mytown”. 

Note: Latitude is always written first, followed by the longitude. In digital 

representation, sometimes only numbers are used so that a positive number is 

degrees North and one represented with a minus is South of the equator. 

Traditionally, latitude and longitude are written as degrees(°), minutes(´) and 

seconds(“). 

Obtain solar charts 

There are a number of web services which will provide you with solar path 

information.  They are generally similar in functionality, but some only show sun 

information for one day at a time, and are more suited for photographers, whereas we 

need to see the patterns of a year. For this handout we’re working with 

SunEarthTools.com  and their Sun Position  tool.  This website has useful tools for 2 3

2 https://www.sunearthtools.com/ 

3 https://www.sunearthtools.com/dp/tools/pos_sun.php 
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measuring distances on online maps, calculating the energy solar panels can capture 

and how to design a sundial! 

The charts you’ll receive are dependent on your location. Once you’ve made these 

charts for your local region you’ll be able to use the same information again and again.  

 

In the Search field of the Sun 

Position tool, enter your latitude 

and longitude, a place name or 

address. Make sure that Solar 

Disk, Analemma and Solstice 

options are all selected.  

 

As you can see, a map appears with a visual representation of the annual sun paths 

laid over the top. I made this chart a couple of days after the Vernal (Spring) Equinox, 

so the sun is halfway between its highpoint at the Summer Solstice and the low point 

of Winter Solstice. 

Scrolling down the page you’ll find two maps, a Polar Chart and a Cartesian Chart. 

They both show the same information but in different ways. Right mouse click to save 

these charts to your design folder. Remember to give them meaningful names so you 

can find them again! 
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Understanding solar charts 

These charts can be difficult to understand. I find the circular Polar Chart more 

accessible when I imagine I’m lying on the ground watching the sun’s paths tracing 

overhead. I can use this chart to lay over the tops of maps (in preparation for making a 

sector analysis, for example). The Cartesian chart makes most sense when I think 

about looking straight ahead to the Equator with the sides of the chart curving around 

me like a cylinder. Because they are rectangular representations of sun data, Cartesian 

charts can be easier to read sun angle values accurately.   

Polar (left) and 

Cartesian (right) Sun 

Charts for New York, 

USA (top) and 

Margaret River 

(bottom), Australia. 

Notice the different 

shapes and layouts?  

 

 

 

 

The Polar Chart is circular with the cardinal compass points around the edge, and 

shows the sun’s path at different times in the year. For locations in the Northern 

Hemisphere, the sun loops to the Southern side of the chart and for places in the 

Southern Hemisphere it loops North.  There are also differences in position for the 

Cartesian charts. What is important to note is that in the New York Cartesian chart the 

bottom line represents the Equator to the South, and in the Australian map the bottom 

line represents the Equator to the North. 

Both of these charts provide information about the azimuth, the solar elevations and 

zenith, as well as the position of the sun at particular times of the day.  The solar 
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azimuth is the angle from the horizon to the East or West, and the zenith is the 

highest position on the sun’s path and is used to calculate the solar elevation angles. 

These charts represent the sun’s position at certain hours and show the analemma, 

the infinity like representation of the midday sun position over the year.   

But what does this mean for your permaculture designs?  

At the very least, these charts give you information about your sun sectors and the 

highest angle of the sun in summer and the lowest angle in winter. You can keep it 

simple or incorporate the sun more deeply into calculations for your designs: For 

example, design a tea drinking seat in your garden which always gets heated by the 

morning sun, or specify the angles for a feature window in your house which lets light 

in on a midsummer day. For gardens, Rosemary Morrow recommends planting early 

blossoming fruit further to the East or West so that they don’t shade the house too 

early in the season.  

 

 

 

 

 

In this basic sector 

analysis from a site in 

Austria, the solar 

paths for midwinter 

and midsummer have 

been traced over the 

whole base map. 

Identifying sun path and angles from sun charts 

If you are comfortable working with 

computer graphics software you will be 
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able to follow the same steps, but it is fine to keep it simple and work with paper, pen 

and a ruler. A protractor for measuring out angles will come in handy.  

In order to get the summer and winter sectors you’ll want to work with your Polar 

Chart. This will be listed with a number of dates on the side. Identify the summer and 

winter solstice lines on the right hand side of the chart. You’ll want to draw lines from 

the centre point out to the outside points of those paths. 

In this example I’ve traced the angles for winter (61° Sunrise 298° Sunset) and summer 

solstices (119° Sunrise 241° Sunset), and also for the angle representing October to February 

(103° Sunrise 257° Sunset) as 

these are the hottest months in 

Australia.  

 

 

 

 

 

I obtained my solar 

elevation angles from the 

Cartesian chart and drew 

horizontal lines across  the peak of the lines representing the solstices (32° and 80°) 

and the sun’s elevation in February and October (66.5°).  Remember, if you live in the 

Northern 

Hemisphere, your 

warmest months are 

going to fall between 

April and August.  

Drawing horizontal 

lines on the Cartesian 

charts helps us to easily 
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read the solar elevation on the left hand axis.  

 

 

 

 

Now that we’ve identified this information, we can think about how to apply it in our 

buildings. Walking around our buildings and sites with a compass  will help us to get a 

better idea of what the abstract information on the charts means on our physical site. 

We can triangulate these technical observations with the feeling of the sun on our 

skin, the heat of different surfaces under our feet and hands, and the light moving 

through trees and the shadows thrown.  

Need help using a compass?  

This seven minute video is clearly presented and explains the parts of a compass, how 

to adjust for declination (the difference between true and magnetic North) and how to 

take bearings off maps and in the field. https://youtu.be/0cF0ovA3FtY 

Don’t have access to a compass? Most smartphones have compass capabilities.  

Incorporating solar aspect into building design. 

For buildings, solar path and angle information is used to optimise the position of 

solar thermal (hot water) and voltaic (electricity) panels, and to position windows and 

interior thermal mass for summer shading and winter passive heating.  

This means you need to intentionally site a building (or use an existing building) to 

utilize the sun when you want to (i.e., in cooler winter months) and to avoid the sun 

when you don’t need the heat of summer. You can use the same approach to layout 

your garden to maximise sun exposure or take advantage of cooler, shaded 

microclimates over different seasons. 

From the built environment 

perspective, the result of Earth’s 
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orbit is that the sun’s angle hits structures at different angles throughout the year. This image 

was developed for a Northern Hemisphere audience so the sun is illustrated as coming from the 

South.  IMAGE: Courtesy of the USA Department of Energy.  

 

Working in two dimensions and on paper gives us a general illustration of these 

concepts. This will help us better understand building plans, especially if we have the 

opportunity to work with an architect. If you are interested, simple 3D software such 

as Google Sketchup will also allow you to visualise the sun’s impact on the model of a 

home in far more detail. 

To incorporate passive solar design into our buildings, we need to block the high 

summer sun and maximise the winter sun. One of the simplest ways we can do this is 

by identifying how the sun hits the equator facing walls, roof and windows.   

Here I’ve used a 

paper-based 

example to 

illustrate how the 

angles can be used 

to identify roof 

shading depth and 

window height for 

an equator facing 

wall.  

 

 

 

 

 

Solar Aspect Handout 1 CC-BY-SA Pippa Buchanan 

https://pippabuchanan.com/


  

Once we are aware of how the sun comes into our home we can think in more detail 

about the materials are home is built with. Remember how we started by talking about 

the sun’s impact on planet Earth and how the greenhouse effect is leading to more 

heat being trapped by the atmosphere rather than reflected out into space? Well, we 

want to use the same principles such as absorption and reflection in our home to save 

energy and, in turn, reduce a building’s long-term usage emissions.  

We can use light coloured, reflective surfaces to move the sun away from us because 

they have high Albedo. High Albedo can also be used to bounce light back into a poorly 

sited building. For example, you could bounce light from a sunny white painted wall 

into a dark, pole-facing room or garden.  Regardless of where we live, ensuring that 

our roofs have high Albedo can contribute to mitigating climate change and 

reductions in snow cover.  

In order to absorb light and heat we’ll need to incorporate high thermal mass materials 

into our building to catch the sun’s rays. Solid stone or earth materials such ascob 

have high thermal mass. This means that they are slow to heat up, but once warm they 

will hold the heat in. Imagine a brick wall which has been in the hot sun all afternoon, 

even in the evening it will still give off warmth. We want to use materials like this to 

catch the warmth of the winter sunshine in our floors or around a wood fired heater. 

For both, rather than just heating the air, we heat the ceramic or stone, which then 

slowly releases the heat to the room.   

We should consider how to use insulating materials to stop the movement of heat in or 

out of a building.  Incorporating insulation into our roofs, walls and ceilings means 

that building interiors are slower to heat up and hold warmth for longer. Insulating 

materials like straw bales or sheep wool trap a lot of air between their fibres and stop 

the transference of heat out of, or into a room. When combining insulating and 

thermal mass materials it is often best to put the thermal mass on the inside of the 

building and to have insulation on the outer layer. Designs of efficient buildings will 

often combine thermal mass and insulating materials, rather than using them in 

isolation. 

As we’ve seen above, placing windows so that they let light and heat in is very 

important, and well-sealed windows with double glazing prevents heat escaping in 
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cooler weather.  Ensuring that we have well-ventilated houses is also important, and 

selecting and siting windows that can be opened to admit cooling or warming breezes 

is one way to be an active user in passive houses. 

Most of us can’t afford to build a new house, but this information is incredibly useful 

to help you retrofit a home, rearrange to make best use of its position, or to help 

identify the best home to rent or buy on your budget. Taking advantage of the sun’s 

position can help us to save money and care for the Earth.  As we move closer to 

energy descent and live in a ever-changing climate, having a thermally comfortable, 

low energy home will support our resilience to extremes and low fuel contexts.  

Solar Aspect Worksheet 
Site Location:  

What hemisphere is my site in?   

What is the latitude and longitude of my site? 

Latitude:______________°  Longitude:________________°  

What time zone am I in? 

What are the hottest months of the year? 

● Visit an online sun position calculator such as SunEarthTools and enter your 

location.  

● Save the Polar and Circadian chart. You might want to upload them to your 

portfolio.  

● Identify the winter and summer solstice angles as well as those for the hottest 

months in your location.  

  Date  Elevation  Sunrise 
(Eastern 
Azimuth) 

Sunset 
(Western 
Azimuth) 
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Winter 

Solstice 

       

Summer 

Solstice 

       

Warmest 

Months 

       

 

Roughly draw floor and elevation (side view) plans of your existing home (yurt, van, 

house or apartment). Make sure you indicate where North is. Don’t worry about 

accuracy at this stage, for your design project you can take the time to draw a more 

detailed plan to scale.  

Overlay the floor plan with your sun sector angles and the side-on elevation view with 

the elevation angles for winter and summer solstices, and the warmest months of the 

year. Does your home get enough natural light and heat at the right times of the year? 

What simple interventions could you implement to bring winter light and heat into 

your home or to block it in summer? Is your roof correctly oriented to the sun and free 

of shading. Would it be suitable for solar thermal or solar voltaic panels? 

If possible make notes about how today’s solar heat and light are influencing your 

home and try to add to these observations over the year. Remember to date your notes 

so you can keep track of your observations. 
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