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CIRCULAR ECONOMY
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Oranges are the only fruit
(that can do all this!)
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Introduction

Orange trees are widely grown in tropical and subtropical climates for their sweet fruit, which can be eaten fresh or processed to obtain juice.

So popular are they that oranges are now the most cultivated tree on Earth.

Over 70 million tonnes of oranges are now grown worldwide each year, particularly in Brazil and in the US states of California and Florida.
The main product from oranges is the juice, either as it is pressed from the orange or as a concentrate.

This still leaves, however, about 50% of the fruit that is usually thrown away. In Brazil alone, that is some 3 million tonnes per annum. In some places, the orange peel is used as animal feed, in others, it is simple discarded or composted.

Since the circular economy is about rethinking our use of materials, can we rethink what we do with orange peel waste so that waste becomes food for another cycle?
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Indeed we can.  Here are some of the substances that can be extracted:
Limonene – this is a terpene molecule that is found in the outer layer of the skin, the flavedo (zest). Limonene is a colourless, oily substance that is being used more and more as a green solvent, replacing rather more harmful chlorinated hydrocarbons in products such as cleaning solutions.

Limonine is extracted from the peel by steam distillation. 

To be precise, steam distillation produces orange oil, this is over 90% D-Limonene.

Background for Steam Distillation

If a mixture of two Immiscible liquids(limonene and water in this case) is distilled, the boiling point of the mixture will be found below the boiling point of each pure component. 

Since the two liquids are essentially insoluble in each other, the limonene molecules in a droplet of limonene are not diluted by water molecules from nearby water droplets, and hence the vapour pressure exerted by the limonene is the same as that of limonene alone at the existing temperature. The same is true of the water present. Because they are immiscible, the two liquids independently exert pressures against the common external pressure, and when the sum of the two partial pressures equals the external pressure, boiling occurs. 

Limonene has a vapour pressure of 760 mm Hg at 176°C (it’s boiling point), and if it is mixed with water, the combined vapour pressure must equal 760 mm Hg at some temperature below 176°C.

Likewise, water  has a vapour pressure of 760 mm Hg at 100°C (it’s boiling point), and if it is mixed with water, the combined vapour pressure must equal 760 mm Hg at some temperature below 100°C.

This temperature, the boiling point of the mixture, can be calculated from known values of the vapour pressure of the separate liquids at that temperature. 

[image: image16.png]2. Cut around Bottle 2 as shown.
Gut 3 air vents in the certral
section (step 3). Airvents help
1o encourage asrobic decay.
crganisms.




Here is an example for water and benzene. Vapour pressures found for water and benzene in the range 50 to 80°C are plotted in the figure to the right. The dotted line cuts the two curves at points where the sum of the vapour pressures is 760 mm Hg; hence this temperature is the boiling point of the mixture (69.3°C).

Practical use can sometimes be made of the fact that many water‑insoluble liquids and solids behave like this when mixed with water, volatilizing at temperatures below their boiling points. Thus naphthalene, a solid, boils at 218°C but distills with water at a temperature below 100°C. Since naphthalene is not very volatile, considerable water is required to entrain it, and the conventional way of conducting the distillation is to pass steam into a boiling flask containing naphthalene and water. The process is called steam distillation. 
With more volatile compounds, or with a small amount of material, the substance can be heated with water in a sample distillation flask and the steam generate in situ – that is what is happening in the steam distillation here.
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Pectin – this is a mixture of plant polysaccharides its composition varies with the source and the conditions applied during isolation. 

Pectin is sold commercially as a pale brown powder. It is a valuable gelling agent in foodstuffs. The ‘gelling’ of most jams is brought about by pectin;  jam-making sugar has pectin added to it.  

The composition and structure of pectin are still not completely understood although pectin was discovered over 200 years ago. 

At present, commercial pectins are almost exclusively derived from citrus peel or apple pomace (the residue left after pressing), both by-products from juice (or cider) manufacturing. Apple pomace contains 10-15% of pectin on a dry matter basis. Citrus peel contains of 20-30%.
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More specifically, pectin is the methylated ester of polygalacturonic acid. Pectins are divided into two major groups on the basis of their degree of esterification. The association of pectin chains leads to the formation of the three dimensional networks that leads to gel formation.
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Other Substances
Biofuel – Professor James Clark at York University has developed a method that used high intensity, low-temperature microwaves to generate biofuels from orange waste. [2]
While this development is an exciting possibility in terms of fuel for the future, sadly this is not a viable experiment to run in a school laboratory.

β-carotene

β-carotene is widely used as a food colouring and most of this is manufactured chemically. The remainder is extracted from fungi or algae which can produce  high concentrations.

It is possible to extract β-carotene from orange zest (or other orange plant materials eg carrots, sweet potatoes) but it is not economic to do so commercially.
Adsorbent – Dried, ground citrus peels (sometimes used untreated, sometimes processed into charcoal) are used in some parts of the developing world to adsorb waste from the dyeing industry and clean up water. 
Other peels, such as banana, can also be used.

Once this is finished, the residue can then be composted.
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The Circular economy
A circular economy is a generic term for an industrial economy which is, by design or intention, restorative and in which materials flows are of two types. These are 
biological nutrients – are non-toxic and can be simply composted, regenerating the biosphere
technical nutrients - polymers, alloys and other man-made materials are designed to be used again with minimal energy which are designed to circulate at high quality without entering the biosphere. 
Waste is Food

Waste does not exist… at least not in the way we currently think of it.

Diversity is strength

Diverse systems, with many connections and scales are more resilient in the face of external shocks, than systems built simply for efficiency.

Energy must come from renewable sources

As in life, any system should ultimately aim to run on ‘current sunshine’ and generate energy through renewable sources.

Systems thinking

The ability to understand how things influence one another within a whole. Elements are considered as ‘fitting in’ their infrastructure, environment and social context. 
Examples of these systems are all living systems and any open system such as meteorological systems or ocean currents, even the orbits of the planets have non linear characteristics.
Economic potential

The research carried out by the Ellen MacArthur Foundation and McKinsey and Co suggest that USD 2 trillion can be saved annually if we begin to see materials, nutrients and energy existing in a flow, never lost, rather than as something to be used up.  Among other conclusions, they believe that material scientists will be much in demand.
Scotland and the Circular Economy

Scotland has now become the first nation to join the Ellen MacArthur Foundation’s Circular Economy 100 programme CE100.

This global network of 100 companies, innovators and administrations has set itself a three-year timeframe to accelerate the transition to a circular economy, helping businesses rethink the way they manage resources, whilst stimulating economic growth.
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The linear and the circular economy

The circular economy represents a shift away from a linear, take-make-dispose model of production, which has characterised our industrial past and present.  The Ellen MacArthur Foundation asks, ‘how can things be made to be made again?’
Curriculum links

CfE Level 3

SCN 3-17b: I can participate in practical activities to extract useful substances from natural resources. 
SCN 3-20a: I have collaborated with others to find and present information on how scientists from Scotland and beyond have contributed to innovative research and development. 
CfE Level 4

SCN 4-16a: I have carried out research into novel materials and can begin to explain the scientific basis of their properties and discuss the possible impacts they may have on society.  (a bit of a tenuous link)
SCN 4-20a: I have researched new developments in science and can explain how their current or future applications might impact on modern life. 
SCN 4-20b: Having selected scientific themes of topical interest, I can critically analyse the issues, and use relevant information to develop an informed argument. 
National 4 - Nature’s Chemistry

Plants to products  The use of the various products that can be extracted from oranges would seem to fit this section perfectly.
Higher  - Nature’s Chemistry

Fragrances 
Essential oils Orange oil as extracted by steam distillation)
Terpenes Possibly purify the limonene from the orange oil.
CfE Advanced Higher – Organic Chemistry & Instrumental Analysis
 Optical isomerism Limonene is an example of this. D-Limonene is in citrus fruits, L-Limonene has a pine aroma.
There are five experiments here, (three chemistry and two biology/general science) 
1) Extraction of limonene
Each group will need

	2 oranges
	1 zester

	1 balance
	Distilled water

	Plastic tub (to collect the zest)
	Scissors

	Tripod
	Clamp, boss & stand

	250 cm3 round-botton flask
	Leibig condenser

	Still head
	Thermometer holder

	Adaptor (if needed for different sizes of glassware
	Clip to secure condenser

	Bunsen burner
	Heatproof mat

	Test tube / small beaker
	


Instructions

1) Use the zester to remove as much of the zest as possible off an orange.

2) Chop the zest into small pieces using scissors and weigh it. Record how much you have.

3) Place the zest into a 250 cm3 round-bottom flask and add 150cm3 of distilled water
4) Hold the flask firmly with a clamp.

5) Attach a condenser vertically to the flask and turn on the water.

6) Turn on the Bunsen burner and bring the mixture to the boil. (Take care it does not boil over)

7) Boil the mixture gently under reflux for 15 minutes.
8) Move the Bunsen burner from under the reflux apparatus, leave for a minute or so and then remove the condenser. You do not need to switch the water off  but be careful not to drag the outflow pipe out of the sink.

9) Put the still head in the top of the flask and fit the condenser to the side arm. Use a clip to ensure it is firmly held.

10) Place a thermometer in the top of the still head.

11) Gently bring the mixture back to the boil and continue boiling until you have collected 5 – 10 cm3 of the distillate in a test tube. You should clearly see an oily layer  on top of the water.

12) Switch off the Bunsen burner to stop the distillation. 
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2) Extraction of pectin
Each group will need

	1 orange
	Knife

	100cm3 0.5M hydrochloric acid
	Tea strainer

	2x 250 cm3 beakers
	50 cm3 of ethanol

	Measuring cylinder
	Wash bottle of distilled water

	Stirring rod
	


Instructions
1) Remove the peel from the orange, and use the knife to take the layer of pith off the inside of the peel. Cut it roughly into pieces with scissors and weigh it. (Leaving the zest on tends to colour the pectin yellow with β-carotene)
2) Place the pith in a 250 cm3 beaker and add 100 cm3 of 0.5M Hydrochloric acid (and a few anti bump granules)

3) Bring to the boil and simmer gently for 5 minutes.

4) Switch off the gas and, once it is cool enough to handle, filter into another beaker and then leave to cool.
5) Once it is cool Add 50 cm3 of ethanol (or propan-2-ol or propanone) to the contents of the beaker and stir to mix. You should see a jelly-like precipitate appear)
6) Place a tea strainer over another beaker and pour the mixture through. This will need to be done a bit at a time, with stirring to make sure as much of the liquid comes through.

7) Wash with distilled water from a wash bottle, still with stirring, to remove as much of the ethanol and hydrochloric acid as possible

8) Place the residue onto a piece of cotton, wrap it up and squeeze out as much water as you can.

9) Leave your pectin to dry (it will shrink dramatically in size). 

3) Cleaning water with orange (or banana) peel.
Each group will need
	1 orange
	Or dried, ground orange peel

	Methylene blue solution
	Piece of glass tubing (5mm or so in diameter)

	Cotton wool
	Test tube rack

	Test tube
	


1) Instructions

2) To get your filter medium, take the orange or banana peel (removing the zest from the orange will give clearer water), chop it into pieces and place it in a cool oven to dry (120°C or so). When dry, remove from the oven and grind in a coffee grinder.
3) Take your piece of glass tubing and put a plug of cotton wool in the bottom.

4) Take your sample of dried orange pith and put a layer on top of the cotton wool: 0.5 – 1.0 cm

5) Hold the tube in a clamp over a test tube (in a test tube rack) and use a Pasteur pipette to add approximately 5 cm3 of methylene blue solution to the top of the tube.

6) Over the next few minutes, the solution will filter down through the orange pith and drip into the test tube. It will be green rather than blue (due to the yellow colour of the β–carotene from the orange peel) but should be noticeably paler.

4) Composting of waste

Further details can be found in SSERC Bulletin 213 (Winter 2004)

Using compost improves soil structure, texture, and aeration. Its use also increases the soil's water-holding capacity. Compost loosens clay soils and helps sandy soils retain water. Adding compost improves soil fertility and stimulates healthy root development in plants. The organic matter provided in compost provides food for microorganisms, which keeps the soil in a healthy, balanced condition. Nitrogen, potassium, and phosphorus will be produced naturally by the feeding of microorganisms, so that few if any soil amendments will need to be added.

Compost is the end product of a complex feeding pattern involving hundreds of different organisms, including bacteria, fungi, worms, and insects. 

By providing the right environment for the organisms in the compost pile, it is possible to produce excellent compost. By knowing the optimum conditions of heat, moisture, air, and materials we can speed up the composting process. Besides producing more good soil more quickly, making the compost faster creates heat which will destroy many plant disease agents and weed seeds in the pile. 
As well as producing compost, the columns produce liquid that leaches out of the bottom of the pile and which can be used, diluted, as a liquid fertiliser for your plants.

Materials needed

To make one column 

	4 x 2 litre plastic drink bottles
	fine net mesh

	plastic insulating tape
	old tights


Instructions

To remove labels, 

· Fill bottle with hot water (not boiling)

· Screw the cap back onto the bottle

· Leave for several minutes, label should peel off

· Empty bottle

Assembling the column

[image: image2]

What to put in the column

Apart from your orange residue, you will need various other components to ensure suitable growth of micro-organisms that carry out the decomposition.

This is probably best carried out by trial and error though guidelines are given in the Bulletin article referred to above.
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Finishing the column
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*ONCE THE COLUMN IS FILLED KEEP THE CONTENTS INTACT AND AVOID SPILLAGE (MAINTAIN CONTAINMENT)
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 PARTICULAR CARE MUST BE TAKEN TO AVOID SPILLAGES WHEN TRANSFERRING THE LIQUID RESIDUES FROM THE COMPOST. THIS IS BECAUSE SPILLAGES MAY RESULT IN AEROSOL FORMATION AND DROPLETS OF THE LIQUID MAY THEN BE INHALED.
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 To avoid cuts in constructing the columns follow the instructions carefully and heed the safety warnings therein.

[image: image6.png]


 Keep cuts and any broken skin covered. After handling any compost or waste materials, wash hands well with soap and running water.
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People with breathing or immune deficiency problems should avoid the compost column while it is being opened or moved. (Fungal spores can be released which may cause an allergic reaction in susceptible people.)
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Limit the contents of the compost column to materials of plant origin only.  DO NOT use animal material as this can contain pathogens that are harmful to humans.

5) Germinating oranges

Oranges can be germinated easily from seeds – assuming you have not bought seedless oranges.

1) Remove the seed and wash off any fruit residue. 

2) Place the ‘clean’ seed into a glass of water and discard any that immediately float to the surface as these will not be viable – be aware that smaller seed may rise as air bubbles form on the surface of the seed coat. If you have a variety of seed sizes you may also wish to discard any that look undersized as these are unlikely to have a large enough store of energy required for successful germination.

3) Once you have selected your seeds they can either be planted straight away or dried off and stored in an envelope until required.
4) Orange seed – like all citrus – have a natural dormancy period and so will require a period of cold temperature in order to initiate germination. Luckily, most cirtus fruits are transported using a cool- chain system so they have already been ‘pre-chilled’ before they reach you.

5) If dried, soak the seeds for a couple of hours or so before planting them into 5 – 8 cm pots. Only sow 1 seed per pot using a good quality, free draining soil based compost such as John Innes seed or No1, then water in.

6) If you can, place the pots into a heated propagator at a temperature of 16 °C, otherwise transfer them to a warm, bright position such as a windowsill. 

7) [image: image24.wmf]Water periodically so that the compost doesn’t dry out, but make sure that the compost is never left waterlogged either.

Germination should occur anytime from 4 – 6 weeks, but don’t worry if it takes a little longer as orange seeds have been known to take several months before they show.

The newly emerged seedlings can be left in their pots for a further 3 – 6 months depending on how they develop but once they get to about 10 – 15 cm they can be potted on to the next size pot using a John Innes ericaceous mix or No2 potting compost. So long as there are no frosts predicted the young orange plants can be put out side to harden off over the next two to three weeks.

8) During the growing period they can be regularly watered and feed with a water soluble fertilizer once a week. (this is where you can try your home-made fertiliser from the composted orange waste)

9) You can often get yellowing of the leaves with orange plants due to chlorosis but this can be dealt with by feeding an acidic plant food.

10) Tip out the seedling depending on whether you are growing your orange plant as a bush, wall shrub or standard, or you can leave it alone – allowing it to take on its natural shape. Unfortunately oranges are not particularly cold hardy although they will tolerate temperatures as low as 4 or 5 degrees Celsius for short periods without too much trouble. For northern European countries it is best to keep all oranges under protection during the winter periods, but once the threat of frosts are over they can then be hardened off for a couple of weeks before spending the rest of the growing season outside in full sun.

If you have no success germinating your seeds, it may be dues to a lack of pre-chilling. This can be overcome by placing the seed into the vegetable compartment of any household fridge and left for a few weeks. First, secure the seed into a paper towel by folding the towel it back on itself a couple of times, then place into a plastic bag or sterile food container before leaving it in the fridge.

After approximately three weeks – although they can be left in there for a month or so should they need to be – they can be removed from the fridge ready for potting on. 
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The Chemicals in Oranges





An exercise for the Circular Economy








Teacher/Technician’s Guide

















Fit each section of bottle inside the section below it to reduce the chance of algae growing











Tips


1) If you have time, increasing the time for refluxing the mixture will increase the yield. There is, however only around 1.5% of oil in the zest and 1 orange will give only about 20g of peel.


2) Instead of just chopping the zest, blend it thoroughly with the water (a small hand blender is fine). In this case, keep a little of the distilled water back to wash the mixture into the flask. Make sure it is not too thick as it will be difficult to get into the flask


3) The mixture has a tendency to froth over into the condenser unless you are very careful. Heat it very gently, removing the heat whenever it looks like it might froth over.











(a) A repeating segment of pectin molecule and functional groups: (b) carboxyl; (c) ester; (d) amide in pectin chain.[1]
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