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	Exponential


When the Europeans entered the western part of America, they must have thought the world and its resources were limitless. Humans are very tiny creatures compared with the Earth. Who would have imagined in the eighteen seventies that human economic activity one day will change the composition of the Earth's atmosphere? 

Earth is a spaceship, very much like a spaceship. It has limited resources. We need to conserve its resources, recycle them, and find new innovative ways to make sure we don't overshoot our spaceship ability to keep the life support system healthy. That is essentially the subject that the bigger picture is going to look at today. 

We will carry you on a hopefully swift and pleasant journey. Taking a look at the one thing that really matters above all else to human survival, energy. In essence there is a question, how will human civilizations operate without their primary fuel? 

The cosmologist Carl Sagan in his epic TV series called The Pale Blue Dot, summed up planet Earth and live on it could be envisioned as a thin film of life on a solitary lump of rock and metal. To understand what Sagan was talking about, we need to scale the earth down to something we understand. If the earth was the size of an apple, the skin of the apple would represent the entire known life in the universe. This skin, a layer of life is what we call the biosphere. 

Humans, though, mistreat the biosphere, their life support system. They do this using the take, make and throwaway system of economic production. Let us know, pause for a moment and consider what the goal of humanity is and what allows us to achieve this goal. 

At times when people were religious, many humans believed the survival of the human soul beyond death was the ultimate purpose. Scientific knowledge has replaced his goal with a new one; the survival of the human species. Human growth and survival have been regulated by our access to energy. 

Throughout our history, we have been hunter gatherers, horticulturalist, and agriculturalists with the invention of technology such as steam powered diesel engines. We have become industrialized, largely divorced from nature. 
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The Russian physicist’s Kardashev’s scale, the human ability to harness energy by comparing us with a supposed alien civilization that has harnessed all of that planet's available energy. He called this a type one civilization. The civilizations on Earth are only a type zero-point seven civilization on this scale. Type two, a civilization that is able to harness all of the power available from a single star like our sun. This, then, is the objective of humanity to become a solar civilization. 

Humans mistreat our biosphere by acting rather like a plague species, like plague species, though we do not die often masked right away after the feast, but instead carry-on populating and feasting. Let us look at the current process used by humans to service their demands. We can call this the take make a system. 

And although we recycle much, the general outline here is still quite accurate. Firstly, we take the resources, sometimes using violence or we just eradicate areas of life or force native tribes to leave. We ship the resources vast distances, process them in factories and transport them again. In the meantime, we advertise and sell the products that they're made into creating or satisfying consumer demand at all stages. 

There is waste, waste from production and waste after the products have ended their lifespan. Some of this waste goes for recycling, but sometimes this in itself creates toxins that enter our food chain. We might burn, bury, or dump it seem much of a waste, and although it only looks like a tiny fraction of the size of the earth, the toxins spread out. 

Without new resources, the process cannot continue. So we return to new areas to start the process again. The economic forces at work often drive native tribes into city slums where they exploited, abused and some are even involved in recycling toxic waste. The barriers to achieving a type one civilization can be easily summed up as follows. 

One, uncontrolled population growth with high demand for energy to a large-scale nuclear war, asteroid strike, or super volcano explosion. Three, a global uncontrollable pandemic for climate change. And five, loss of primary fuel oil without the ability to find viable substitutes that can meet the demands. 

These are not all the barriers, but represent the key ones, the last one we will focus on in this book. Humans are not very good at estimating exponential growth. For example, General Clarkson, the book writer, once asked an international major energy company that he worked for whether or not he could be paid as follows. 

One Saturday to tomorrow for the next day. The next day. And six in the next day for 30 days. Without carrying out any calculation. Guess how much you would have by day 13 in your mind? Yes. No. The answer is approximately ten point seven million dollars, how good was your guess? The same exponential growth problem applies to resource decline, the inverse exponential or exponential decay. 

Here's a good example provided by Professor Alperovitz of Colorado University. A bottle is filled with energy liquid used by bacteria to grow. The bacteria do not die off in this experiment within the time frame unless they are deprived of liquid energy to divide and multiply the bacteria double a number every minute, using up the energy in the bottle, converting the liquid into equal amounts of bacteria. 

We know that it takes one hour for them to exhaust the finite supply of energy in the process and thus fill the bottle with bacteria. If we start the growth at 11:00 a.m., what time will it be when the bacteria have half the bottles still to consume less? The time long because things are rather slow for most of the time by 11:54 a.m. with just six minutes to go. 

The proportion left is ninety eight percent. Its mouth is still full of energy liquids by 11:55 a.m., we have nine seven percent still full of liquid energy and only three percent of bacteria. The bacteria, if they had intelligence, would think that their food supply was fine. At eleven fifty-six a.m. we have still ninety four percent of our energy liquid and just six percent of the bottle is bacteria by 11:57 a.m. there is now eighty eight percent still surely lost to consume by 11:58 a.m. 

The bottle contains a quarter bacterium and seventy five percent of liquid energy left to consume. Life is still great surely. No problem at all. I'd love it up to 09:00 a.m. We have half the bottle full of books here and have left with liquid energy to consume. The answer to our question is 11:59 p.m. 

Now look at what happens at twelve we have a bottle containing one hundred percent of bacteria and zero liquid energy suddenly without any warning or hungry bacteria, without any liquid energy to live on and to divide. If the bacteria could think like we do when we didn't know there was a problem. Here when they have 80 percent left. Or here, where they have 20 percent left. 

And explore a bacterium at great expense leaves the bottle at 11:58 p.m. and discovers three new bottles that should help us survive much longer, says the Explorer, assuming that the whole of the bacteria can access the other bottles. How long will the energy last if the bacteria continue to double in size every minutes? 

As we know, at 12:00 p.m., the first bottle is empty of energy at 12:01 p.m., the first and second bottles are empty of energy at 12. They were to all four bottles are empty. What will happen to our colonies of hungry bacteria? The human population has been largely built upon oil consumption. We can see this in many graphs, and you can go and investigate this yourself. Instead, we will simply look at another one of Professor Bartlett's famous examples. 

Oil demand has been doubling every 10 years or a rise of just seven percent a year. We can see this in diagram form. Watch what happens each decade from nine to one hundred fifty. Fossil fuels are generally considered non-renewable resources because oil takes millions of years to form. This is some profound implications for humans depended upon it. 

Look at the graph below this, plus the number of years until coal, oil and gas expire against the average rate of consumption per year. What happens is we increase our fossil fuel consumption to how long this fuels last. Let's take a close look at oil. If we consume it at a rate of seven percent a year, we will use it all up within just 20 years. 

If we only consume it at one percent a year, then it could last nearly 40 years. In other words, our consumption matters. The longer it lasts, the more time we have to find viable substitutes. No one wants to tell you about this problem. And in the last 10 years, I've only ever seen one television program on this subject from a US channel. 

It is not surprising that countries in the Middle East are investing in nuclear and solar power despite being surrounded by massive amounts of conventional oil underground. However, what you see here on this graph is not the only problem. What really matters is the oil energy use to extract the oil unless more comes out of the ground than is used to extract it. It is not viable. That is for a next chapter. See you then. 
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2. Importance of Oil
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In the last chapter, which looks at how exponential growth and demand have an impact on the lifespan of a species, we discovered that the faster we use oil based fuels, the quicker it runs out by applying the expiration formula, probably the most important formula ever discovered in mathematics, you hopefully now understand that exponential consumption means that new forms of energy are used up relatively quickly as demand increases in this chapter will consider the dominance of oil in our age of all civilization. 

Why its energy density makes it the premium fuel type on planet Earth. And then we'll look at the energy return on investment of energy, which is the key to understanding why oil will run out. It will become simply too expensive to extract. We will then look at the concept of net energy and its consequences for a fully functional, modern, industrialized society. 
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Oil is the world's dominant primary fuel. It successfully took over from coal in the 20th century, which was a dominant fuel of the industrialized world during the 19th and early 20th centuries. Oil based fuels now have a vast and complex infrastructure like transportation links across the world's oceans, roads, and railways. All energy builds a modern civilization and our global population. 

The reason is quite simple. A barrel of oil contains the energy equivalent of twenty-three thousand hours of human labor. To be able to do that amount of work and a relatively low cost without much human and animal muscle power means we can build things like bridges, houses, nuclear plants, wind turbines and planned reap harvest, transport, and processed food in abundance. 

We can also spend time developing new medicines, inventing new technologies and even land on the moon. So what is oil and why is it so important? Due to the biotic nature of oil or then gas deposits are therefore found only in the geological areas that are suitable for them to exist. The last great fine of conventional oil, despite millions of test drills, was in nineteen sixty-seven due to the exponential nature of consumption of oil. 

Even if oil was extracted in the Arctic, it would only last about two years. Such oil could come at a huge cost to the local environment, giving the spate of recent accidents in much fewer hostile locations. The lack of conventional oil has driven oil companies to seek unconventional sources. These are much more costly and damaging to the environment. 

Tar sands and shale oil, a typical unconventional source. Tar sands oil uses open cast mining, and the environment will never be the same once the extraction is ended. Shale oil is extracting a great cost financially and environmentally, particularly due to the use of water and chemicals. The process can also cause substantial earthquakes to have occurred in America and in Great Britain. 

Examine this resource pyramid diagram and write down what you know about the differences between conventional and unconventional oil. At this
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