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Foreword

People the world over are beginning to realize that a clean environment and a strong economy are two sides of the same coin. This realization, together with some ingenuity, will help to drive the next industrial revolution. We will see the creation of new environmentally friendly industries and buildings. We will set the foundations of a sustainable future.

Everyone can contribute to the global effort to reduce carbon emissions. By getting going we can make improvements in both our environment and our quality of life. New ideas and projects are emerging every day, including some of the technologies you will read about in this book. With more people reading and experimenting along these lines, we will see broader support for change at the individual and social levels. Many people want to make this change and start real progress on the road to a sustainable and prosperous society.

While I was Prime Minister, the Canadian government started the long road with Project Green. We need to make strides now down that road towards getting useful environmentally friendly technologies into the hands of all Canadians.

As Jamil mentions, neither politics nor technology alone will, in the end, be sufficient to meet the enormous challenges that our changing climate will pose.

Innovation and the commitment of millions of Canadians, the inventiveness of many so-called “evil geniuses” working away in labs and shops—that is what will make it possible to come out ahead and even more prosperous. But we do need to get serious about this now. Climate change is one of the biggest challenges humankind has ever faced. It challenges us to work together as a planet and as a nation as never before. But we need to make light work with millions of hands. We all need to get interested in seeing what can be achieved in our own households and businesses. Each of us needs to start somewhere getting on the road to a sustainable lifestyle, and there is something in this book for all. I hope you enjoy the book as much as I have.

The Right Honourable Paul Martin PC
Former Prime Minister of Canada
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Chapter 1
Introduction

The environment

During the last couple of years, the environment has become a popular topic in the media. In particular, global climate change has been receiving increased attention, due to the mounting evidence that its impact will be global and could be severe—even catastrophic—if mitigating action is not taken quickly.

In the past, topics such as acid rain have received a lot of attention. This in turn spurred action to address the problem, and while the problem hasn’t been solved, a lot has been done to address it over the years. The current media focus on climate change may lead to the same kind of increased action, helping to avoid some of its most severe impacts.

Climate change

According to scientists, the warming of the climate, known as global climate change, is now unequivocal. It is increasingly clear that much of this warming is the result of human activity since the Industrial Revolution. Climate change results from the release of particular gases into the atmosphere, called “greenhouse gases” (often abbreviated GHGs); they act not unlike the glass on a greenhouse and trap the sun’s heat on earth. These gases exist naturally as part of systems in the earth’s cycle and scientists estimate that the earth would be about 30° C colder than it is today if these gases did not exist. The same scientists also note that human activity over the past 100 years has led to a perceptible rise in global temperatures. In 2008, the news is filled with stories about northern ice caps melting and glaciers receding, which are the result of the excess greenhouse gases that are emitted into the atmosphere as a result of human activity.

[image: Image]

Figure 1-1 Molecular structure of methane (CH4), a powerful greenhouse gas.

The major greenhouse gases include methane (scientifically notated as CH4—meaning one atom of carbon and four atoms of hydrogen bonded together in a single molecule of methane-see Figure 1-1), nitrogen oxides (NOx—one nitrogen atom and one or more oxygen atoms), water vapor (H2O—two hydrogen atoms and one oxygen atom) and carbon dioxide (CO2—see Figure 1-2). Moreover, there are a number of entirely human-made greenhouse gases in the atmosphere, such as the halocarbons and other chlorine- and bromine-containing substances. These gases are emitted in varying amounts through all sorts of natural and human activities; the largest single human source is the
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Figure 1-2 Molecular structure of carbon dioxide (CO2).

burning of fossil fuels. These are currently our prime sources of energy, and include coal, gasoline and diesel fuels, and natural gas. We use them to heat our homes, power our cars, and in giant power stations that provide the electricity needed to power our electronics.

The problem

The problem with releasing too many GHGs into the atmosphere is that when the gas rises into the atmosphere it creates a sort of heat blanket, as we mentioned. The effect has been likened to what happens inside a greenhouse—where the glass walls trap the sun’s heat—but in this case the greenhouse is the entire planet. Since the earth is an extremely complicated system, this doesn’t necessarily mean warmer temperatures everywhere in the world, but that the earth’s average temperature will rise, causing an increase in extreme weather events and potentially drastic changes to weather patterns such as droughts and hurricanes.

Recent scientific reports have shown that the projected impacts of climate change could be quite severe. Some expected changes include:

• shrinking Arctic and Antarctic sea ice

• more frequent heat waves

• more intense tropical cyclones (typhoons and hurricanes)

• plant and animal extinctions

• increased flooding due to sea level rise

• increased drought.

There are also sharp differences in how climate change will affect people across regions: those in the weakest economic position are often the most vulnerable to climate change and are frequently the most susceptible to climate-related damages.

Upsetting the balance

The atmospheric balance is being upset by the extra amounts of carbon dioxide and other greenhouse gases being emitted into the atmosphere, largely as a result of human activity. Figure 1-3 shows, very generally, the trend in our yearly emissions over the last century. The problem with the carbon dioxide that we are releasing into the atmosphere is that most of it comes from sources under the earth’s crust (e.g., oil), where it has been stored for billions of years. Before we humans started digging into the ground looking for this black flammable material, most people used wood and other sources that came from recently living things. Trees absorb carbon while they are growing, and when they are burnt the carbon that they release is carbon that was recently in the atmosphere to begin with, so it is a relatively short cycle. On the other hand, when we burn fossil fuels we release carbon into the atmosphere that has been stored away by the earth for billions of years. This extra carbon is causing the earth’s temperature to rise, resulting in serious environmental impacts.
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Figure 1-3 General trend in global emissions over the past century. Used with permission from Gavin Harper’s Solar Energy Projects for the Evil Genius, McGraw-Hill, 2007.

So, what’s to be done about it?

Doing many things at once

There have been several international agreements related to climate change. The most famous of these is the Kyoto Protocol (named for the Japanese city in which it was signed), which committed all industrialized countries that signed on to collectively reduce their emissions below 1990 levels by the 2008–2012 period. While not all industrialized countries ratified the protocol, most notably the United States, and some countries that did ratify and commit to reductions are not on track to meet their commitments, the Protocol is considered by many
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Figure 1-4 A general idea of the average North American’s energy consumption pattern.

to be an important first step towards avoiding dangerous climate change.

What else can be done, you might ask? Well, the truth is that each of us as individuals has been responsible for emitting several tons of GHGs in the atmosphere each and every year we’ve been alive. Figure 1-4 shows an approximate breakdown of how the average modern consumer uses energy. This gives us an idea of what areas of our life we should approach first, if we are serious about becoming green. We are each likely to feel the effects of changes to the climate, so it seems reasonable then that each of us should play a part in reducing and managing the changes to the climate. No sustainable change can take place unless we begin and end at the individual level.

There are a great many things that each of us as individuals can do, which can complement actions taken by our governments and the companies that support our lifestyle. We can start with small actions (Figure 1-5 is an example), to help us remember that we are concerned. These will be a start to becoming “light green,” or a little green. We will discuss these simple options early on in the book, and then move on to looking at larger things we can do. Many simple actions, like installing energy-efficient showerheads or looking for local food producers, have groups that have formed around promoting these actions in their area. Readers could think about joining and supporting these groups—and if there isn’t one operating where you live, perhaps starting one of your own.

[image: Image]

Figure 1-5 Small actions to reduce energy are part of the solution, so long as they don’t distract from the larger changes that need to be made.

From small to consequential

Small actions are just the beginning, and shouldn’t distract us from the big picture. Getting enough environmentally friendly and efficient technology around us that will make a difference to the climate will require us to explore and install new technologies, like solar and wind energy. But, we also need to make good use of our existing technology and act on legislation that is relevant to technology, like feed-in tariffs or innovative bicycle policies.

The first section of the book concentrates on the smaller everyday actions that each of us can take to reduce our own emissions. We then move on to more in-depth projects, in hopes of providing the inductee into green living with an idea of where these little actions are leading. Throughout, we try to acknowledge that technology does not exist in a vacuum, and is therefore only as good as society knows how to put it to use.

Many of the countries that did sign up to the Kyoto Accord did so because they felt pressured by their citizens to react to what was commonly perceived as an urgent issue. An important way in which individuals can bring about change is through popular action designed to put political pressure on government representatives. In the United States, there are established methods of pressuring elected representatives, through elections or lobbying representatives. There are also other, less established ways to get attention, such as those pictured in Figure 1-6. Getting involved with local environmental activism is a good way to let your government know that this is an important issue to you, and that their time in power may be dependent on how much they are paying attention to this issue.

[image: Image]

Figure 1-6 Sometimes the only way to get your voice heard is to use any means at your disposal, including taking it to the streets.

Never doubt that a small group of thoughtful, committed citizens can change the world. Indeed, it’s the only thing that ever has.

Margaret Mead

Corporations can also be pressured in this way, through campaigns that communicate the importance of this issue. Large and small companies have the ability to dramatically alter their behavior and choose less-polluting alternatives, but they often need incentives to do so. Sometimes this happens because of governments that set the regulations which determine how they operate, and other times by customers who can use their leverage (the threat to cease to buy products from a company) to effect changes. As the title of this section mentions, it is important to do many things at once, because it is unlikely that any one of these actions alone is going to meet the very severe challenges posed by a changing climate. Together they might have a chance.

Lessons learned

The phenomenon of acid rain affected large parts of Canada and the United States, making headlines everywhere about 30 years ago. Acid rain is partly a result of the sulfur in the fuel used in coal-fired electricity-generating stations across the continent. Released as sulfur dioxide (SO2) into the atmosphere when burnt, it is transformed into sulfuric acid (H2SO4) while traveling over long distances in the air, and is then deposited as acid rain over large areas. Acid in the rain reduced the ability of a variety of living organisms to grow, causing long-term effects on populations of fish and animals, and damaging trees and agricultural products.


	Online Resources


	www.epa.gov/region1/eco/acidrain/history.html—the Environmental Protection Agency gives a good introduction to the problem of acid rain and some of the measures that have been useful in combating the problem.




Because the problem of acid rain crossed state boundaries in the United States, the federal government passed a series of regulations that have changed the way all coal-fired power plants in the country deal with their atmospheric emissions. Through international agreements—among the first international environmental agreements ever—both Canada and the United States agreed to pollution reduction targets through the mandatory introduction of new technologies. The agreement has prevented about 10 million tons of SO2 from being released into the atmosphere by industrial electricity generators since it was signed. A common technology used to achieve this monumental environmental feat is called flue gas desulfurization (FGS), which is pretty neat. A wet scrubber type of FGS system uses a limestone slurry (think wet concrete), injected into a tall reaction tower where a fan sucks the heated gases from the combustion process. The sulfur dioxide reacts with the limestone slurry and becomes calcium sulfate (CaSO4), which is no longer acidic and is useful for lots of chemical processes. Some power plants are now able to sell their calcium sulfate to other industries and recover some costs.

So a dangerous pollutant is removed from the chimneys of our power plants in a useful and profitable form. Nice to know that not everything that helps the environment has to cost us money. The other important thing to remember is that we had to know that sulfur was a problem in order to have something done about it. Most of us don’t think very much about how our car’s engine works, but that might change as fuel becomes more expensive and harder to come by. Or, maybe, it will be because we become more aware of what pollutants are coming out of our tailpipes. Other common acid rain causing emissions include nitrogen oxides (NOx), which are emitted by, among other things, your cars. Because of similar legislation as that described above for power stations, most cars produced in the last decade came fitted with catalytic converters that use platinum and other metals to reduce the emissions that contribute to acid rain. Catalytic converters have been implicated in slightly lower fuel economy, so there is a tradeoff. However, the result is still that what is coming out of the tailpipe of an old car probably has more pollutants than a newer car, regardless of the fuel consumption.

What have we learned? It is not just about what type of engine or prime mover is used to turn one type of energy into another; it is important to be aware of the details. When burning wood in a fireplace, for instance, one might be tempted to feel good and green about using a renewable fuel. Many people will call using wood for heat carbon neutral, because the carbon being released by the wood was very recently taken out of the atmosphere (unlike the carbon contained in fossil fuels). But if wood is burnt in the absence of oxygen, a lot of that carbon-neutral carbon goes up the chimney as methane gas (CH4) rather than carbon dioxide (CO2), which results from a complete burn in the presence of oxygen. Let us focus for a minute on methane, because it is a pretty neat gas.

Depending on how much methane is in a mixture and where it came from, it can have a lot of names. Probably the one most people are familiar with is “natural gas,” which is common in parts of North American cities as a home heating fuel, supplied through an underground pipe network. The natural gas supplied through these networks is almost universally a fossil fuel, which is found in the same wells as crude oil that is refined into gasoline. To some oilfield operators it was considered a waste product and vented directly into the atmosphere, until regulations stipulated that the gas should be flared—i.e., burnt like a torch. In parts of Alberta, Canada—where there are a large number of oil and gas deposits under development—it was possible to see flares scattered across the dark skies until recently. In many cases the gas is now captured and used, which is much better for the planet and better for us too, because we have another fuel source available. Contrary to what most people think, natural gas happens to be pretty clean in comparison with some of the other petroleum-based alternatives.

The deal with methane

The problem with releasing methane gas into the atmosphere is that this particular gas has a really big impact on the greenhouse effect we discussed in the first section of this chapter. The Intergovernmental Panel on Climate Change, possibly the most influential group of scientists around the world, estimates that methane gas has over 20 times the greenhouse effect of carbon dioxide in the atmosphere. 20 times! That is really big, especially when you look at what methane and carbon dioxide are composed of (see Figures 1-1 and 1-2).

Note that in both methane and carbon dioxide, there is only one atom of carbon. Remember that methane has 20 times the greenhouse potential of carbon dioxide. Now think back to the wood fireplace you have at the cottage and try to remember what the dampers do: they reduce the air supply. When there is less air reaching your wood fire, more methane is produced. The carbon that the tree absorbed during its lifetime was probably carbon dioxide, but by turning the fire down for the night you could be re-releasing that carbon in a much more dangerous form back into the atmosphere.

Technology and society

When companies and governments are pressured to change the amount of GHGs that they release for their activities, technology is often seen as the most expedient and relevant way to make those changes: e.g., switching to lower carbon-content fuels—from coal to natural gas (which contains less carbon and other pollutants for each unit of useful energy it delivers). The social aspects of using energy, for example driving less by choosing to use other modes (such as biking, walking or taking the bus) for some trips, can be equally important.

Failing to adequately heed both social and technological aspects of technology use can result in unintended consequences. Because we are trying to make fairly specific changes to our collective impact on the environment, it is necessary to be aware of both sides and not concentrate on either one too heavily.

For example, a more efficient car is only better for the environment if the person driving it continues to drive the same amount as they did before the fuel savings. Consider a person who was driving 100 km per week and spending $50 on fuel, who buys a new fuel-efficient car that allows them to travel 150 km on the same amount of fuel. The environment only benefits if that person continues to drive 100 km a week (saving money on fuel) rather than starting to drive 150 km a week because they can now afford it. Similarly, a more efficient furnace only benefits the environment if the occupants of the building don’t use the fuel savings to raise the temperature during the winter.

Starting now

So, while this book’s focus is nominally on the technologies that can help you to reduce your emissions, it is important to realize that technology alone is not sufficient. Neither are legislation or social action likely to be enough on their own, but together, by doing many things at once, we might just start to make a significant impact. So, turn down the thermostat, put on a sweater, ride your bike back from the store, and then settle in to read the rest of this book by an energy-efficient light bulb. But if you don’t have an energy-efficient light bulb handy, and your bike has a flat, don’t panic. You would not be the first to have faced this problem, and it only takes a little evil genius to get going, so keep reading and we’ll get there together.






Chapter 2
Transportation

Getting about

Transportation accounts for about half of the energy consumed by the typical North American household. If we are serious about reducing our energy consumption and doing something about this climate change thing, we are going to have to do something about our transportation-related energy consumption. This is one of those things that is going to involve more than just a change in technology, like a hybrid or even hydrogen fuel cell. In addition, we also need to become smarter both about how we as individuals travel, and how we as a society accommodate different types of travel in general. Consideration of this large chunk of emissions is far too often shied away from by otherwise environmentally conscious people, because the scale of change required seems to boggle some minds. It need not be so.

Think about how you got this book. You may have traveled to a bookstore to buy it, perhaps you drove. Could you have walked instead? Why not? In too many cases the answer is because the distances are too great. This is particularly true in suburban and rural areas of the country. The widespread and growing use of the automobile for the past 50 or so years has closed what were once small but thriving rural and suburban commercial centers and increased the distance between locations people frequent, such as their home, office, and shopping centers. When there is not an alternative to a car available for people to use to reach those locations, a condition of automobile dependence is created. The alternative is to increase density and have those common locations we all visit spaced closer together (see Figure 2-1). Urban centers, by their nature, have a greater concentration of people and services, and people who live in such centers might have had a greater chance to buy this book from a store they walked to.

[image: Image]

Figure 2-1 This scene from the busy metropolis of Istanbul shows what transportation options in an urban center look like: trains, cars, and pedestrians.

Green cities

Studies that looked at individual energy consumption patterns have found that the typical urban (living in a high-density city) dweller’s energy consumption is far below his suburban or rural counterpart. The efficiencies in living in urban centers come from many areas, including transportation. Having many people on a train is far more efficient than having many cars on the road (see Figure 2-2), and having shops and houses close together means that people don’t have to travel so far in the first place. This flies in the face of my early exposure to what being an environmentally conscious person meant. Like many Canadian children, our family spent the summers camping in the national and provincial parks. We lived in tents, with bugs, carried our own water to the campsite, went fishing, and enjoyed the great outdoors. When I started exploring the environment as an issue later on in life, I, like many

[image: Image]

Figure 2-2 Stuck in traffic? Think about whether you really needed to make the trip. Reducing our car travel is more important than improving the emissions of individual vehicles in order to reduce scenes like this.

others, found a connection between my experiences in nature and this idea of an environment that should be protected. However, living in, playing in, and even seeing places where nature abounds, in the forest and the periphery of urban centers, can have particularly large impacts on our transportation-related energy consumption.


	Tip


	You don’t have to hug a tree to be green: urban centers may not get all the credit they deserve for being environmentally friendly places to live. Benefits include lower transportation emissions, as well as lower infrastructure and service costs, and lower heating costs because heat radiates between buildings and apartments.




If the scientists are right, reducing the amount of carbon that we emit into the atmosphere should be the top priority for modern societies. If we do not manage to reduce the concentration of greenhouse gases in our atmosphere soon, we may one day face the prospect of runaway climate change. Scientists speculate that when a certain concentration of CO2 in the atmosphere is reached, the rising heat of the planet will lead to more heat-trapping gases being released from natural sources. This creates a sort of feedback loop in the climate that kicks in after a certain tipping point. Such a feedback loop would decimate most of the life on the planet, along with the majority of us. So, while I enjoy the forests and the parks, I think twice about going to drive there, alone in my car, for the weekend. That is certainly part of being smart about transportation and a start on the road to becoming “green.”

Anyone today could have ordered the book online and had it delivered, potentially saving a trip for you, but also possibly helping to create a more efficient distribution system. Retail stores aren’t always the most efficient way of keeping a large warehouse of products in terms of energy consumption. Often, retail stores need to be located near to customers, with good transportation access, while warehouses can be located in more inconvenient locations. Sending goods directly from warehouses in regular shipments can at times be more efficient than sending goods to a store first to be collected. But that would have meant your knowing about it, or finding it before hand, rather than just stumbling across it on the shelves. I think this is an example of the social side to sustainability, which is the foundation of this whole “green” thing. Sustainable development proposes that we should give equal consideration to social, economic, and environmental aspects of everything (Figure 2-3). It tries to stand in contrast to everyday development, which is often concerned solely with the economic aspects and tends to miss the others.

[image: Image]

Figure 2-3 The concept of sustainable development.

Project 1: Estimating Your Existing Transportation
Related Emissions

You will need

• A pen and paper.

• A calculator, maybe.

Steps

1. It is a good idea to find out where we are now, so that we know that we got somewhere, when we get there. Start by taking account of all the travel that you do. Note the distance you travel and the frequency of your trips, as well as what mode of transport you use (how you travel). The following list might help:

[image: Image]

2. Next, use these very rough estimates (or research your own) to assign emission factors to your current travel habits:

• Travel by mid–large-sized gasoline-powered passenger car—500 g (1.1 lb) of CO2 equivalent per mile traveled (or around 300 g or 0.7 lb per km). These are rounded up to try to get an easy number. Variation can be large: e.g., an efficient car could be as low as 200 g per mile (∼125 g per km). If you have a smaller car, you could adjust this to better reflect your circumstances. The emissions figure is for the car, so if you travel with one or more passengers for many trips, you could reduce the number proportionally for those trips.

• Travel by plane—start with an estimate of 500 g (about 1.1 lb) of CO2 equivalent per person per mile traveled (around 300 g or 0.7 lb per km). Emissions from airplanes are contentious, because many people believe that emissions made high in the atmosphere have a greater effect than emissions at ground level. This effect is called radiative forcing and is thought to multiply the effect of emissions by a factor of 2 or more. Emissions from short flights (like short car rides) are also considered more polluting and less efficient. Of course the actual emissions from your flight will depend on things beyond your control (like how many people are on the flight), but this ballpark figure will get us started.


	Tip


	Use the following conversion figures when looking up emissions data for your particular vehicle:


	1.6 km (kilometers) = 1 mile;


	1 lb (pound) = 454 g (grams).




• Bus and train travel—100 g (0.2 lb) per mile (62 g or 0.1 lb per km) of bus or train travel is again rounded up. This also depends on several factors beyond your control, such as how full the bus is and what fuel the locality you live in has decided to use. For example, the city of Calgary, Canada powers its urban train system entirely through wind power, so it would not have direct emissions associated with it. If you take a boat or ferry on a regular basis, you could use this factor as a rough estimate.

• Walking and cycling have very few emissions associated with them, so it is safe to leave them out from the carbon impact calculations. They create a large number of social, health, and environmental benefits though, so don’t forget them.

3. Next, add up all of the travel you do for various reasons, by each mode of transport. As an example, let’s look at a person who travels 20 miles roundtrip to work 5 days a week, but does their grocery shopping locally and only goes to the movie theater 5 miles away for entertainment once a week, sharing a ride with a friend. Assume also that the person takes two yearly vacations on a long-haul flight—assume these are 2000 miles (3200 km) each way—and six short flights for work—estimated at 1000 miles (1600 km) each way—per year. The weekly travel total looks something like this:

• Car trips: 100 miles for work (5 days × 20 miles per day) + 5 miles for entertainment (10 miles/2 passengers) = 105 miles of weekly driving-related emissions

• Plane trips: 8000 miles in long-distance trips (four flights × 2000 miles each) per year and 12,000 miles in short flights (12 × 1000 miles each) = 20,000 miles of airplane emissions per year. Divide by 52 weeks in the year to get a figure of 384 miles of weekly (equivalent) airplane-related travel emissions.

• No walking or cycling emissions from collecting groceries.

• No bus or train emissions.

4. Finally, multiply your weekly travel emissions totals by the emissions conversion figures:

• Car trips: 105 miles per week × 500 g/mile = 52,500 g of CO2 equivalent per week. Divide by 1000 for kilograms and multiply by 52 weeks for a yearly estimate of 2730 kg of CO2 from car travel.

• Plane trips: 384 miles per week equivalent or 20,000 miles per year multiplied by the 500 g/mile figure (ignore radiative forcing for the moment) results in 10,000 kg of CO2 from air travel per year.

• Find the yearly total of your car and plane emissions: 10,000 kg + 2730 kg = 12,730 kg CO2.

• No emissions from other modes. In our example, the yearly total of 12,730 kg is nearly four-fifths air travel (from eight flights) and one-fifth car travel (over 90% is travel to and from work).

5. Think twice before driving to the store next time, and three times before heading for the airport. Being green does not necessarily mean not flying, but it does mean being conscious of these things, and adjusting your behavior where possible.

Locked-in

It is common for people who own a car to use it for the vast majority of their activities. Part of the reason for this is economic, because once the cost of purchasing and insuring a car for your exclusive use has been paid for, the increased cost to you of using a car for the minute-long drive to the store is very small. Among the problems from a pollution perspective is that short trips by car tend to have the highest emissions of all trips, and make up almost three-quarters of all car trips in North America. Cars run more efficiently and have fewer emissions when they are warm, but using a car for short trips (less than about 5 km or 3 miles) doesn’t give it the chance to warm up. The economic reality of owning a car tends to work against its most efficient use, but if gas prices rise, we may see that change. Car clubs are another way of changing the financial incentive to take short trips, because they tend to charge a per kilometer (or per mile) charge that reflects all of the costs that go into running a car while the member is using it. Car clubs can have their own host of problems and are not suitable for everyone, but they are one alternative, among many, to the personal automobile.

Project 2: Finding Another Way Around

Reducing our collective emissions is going to involve a lot of creative thinking. This project challenges readers to try a new way of getting around their city, without a car. Maybe this means taking the bus into work one day, or taking your bike to the store, or maybe taking the extra time to walk with your kids to school. What is important for this project is for readers to understand that there are very often several alternatives to taking a car. There are certainly times when it is necessary, and these will be different to everyone, but it is far too easy (and common) for complacency to become the dominant motive behind short car trips.

You will need

• A day to try something new. Try to make it a day that is not stressful in its own right. Communicate to those around you (your boss, family, etc.) what you are trying and why. Ask them to support you by being understanding: things might not go like clockwork the first time.

• Maps of the bus routes in your area, or possibly maps of walking and cycling routes from your home to office, school or the shops. You may be surprised to find that there are cycling and walking routes that, though not necessarily direct, would allow non-automobile traffic to travel in relative comfort and undisturbed by the air and noise pollution of automobiles. Often these paths are not obvious to accustomed drivers, so be prepared to do a little bit of looking around. Talk to others in your area, as many trails and networks in cities and the suburbs are informal routes rather than designated cycle paths. These follow quieter streets and alleys rather than riding alongside traffic and can be safer for the inexperienced biker.

• If there are no non-automobile alternatives, try carpooling. See if you can find others in your neighborhood and community making similar journeys to yourself and try to combine trips. You could save money and make a new friend.

• A pen and paper (to record and later communicate your experiences); a computer could work equally well.

• Appropriate tools for your new travel journey: a drink and change of clothes if you are riding to work; maybe a magazine if you are taking the bus or train for the first time (you’ll be surprised how much time you have if you’re not driving).

• If you don’t drive, maybe you fly. Think hard about whether you could take a bus or train, or avoid the trip altogether. Because airplanes are able to cover great distances in a short time, flying has some of the highest per trip emissions of all forms of travel, even though people only tend to take a few flights per year.

Steps

1. Take it slow. Assess your options and their relative benefits before deciding one way or another. There might be a bus route you don’t know of, a cycle path that goes to the door of your office, or a neighbor driving by your office everyday.

2. If you don’t succeed at first, try again, then try something else. If there are no buses near you, perhaps you could drive part of the way, or start talking to the local government and transit providers to see why there is not transit and whether that could change. If the weather is a problem for the prospective cyclist, look at later projects in this book, where we build weather protection for human-powered vehicles.

3. Try your new mode one day per week to start. When that becomes a habit, move onto bigger things. Remember to move onto bigger things; it can be easy to become complacent after starting to ride your bike once a week in the summer. That is a start, but not a solution.

4. Once you have a routine that better reflects your concerns, try making a renewed effort at estimating your personal carbon emissions. You could be surprised at how much you have reduced them without introducing hardly any “new” technology at all.

DIY or not, just get it done

When I was 11 years old, I got my first new bike for my birthday. It was a white BMX bike and it worked perfectly from the day I got it, until it was stolen not long after. I didn’t get to go back for another new bike, but instead went to where our family had always purchased our bikes: the City of Edmonton police auction. The police auction sold all varieties of bikes that had been found abandoned in the city or confiscated for whatever reason. The bikes were never in very good shape, and always needed some repairs before I could ride them. As a young evil genius, I thought this was half the fun. My dad would take us down to the Edmonton Bicycle Commuters Club, where for a small yearly membership fee we could use their wonderful bike garage and get advice from expert bike mechanics on how to fix your own bike. Yep, this was (and still is) a place where people can come to fix their own bikes, rather than have someone else do it for them. The skills I learnt there have been some of the most valuable of my life, and I have consistently been astonished that not everyone in the world has had the experience of straightening a bent frame, nevermind fixing a flat tire on their bicycle.

I get the same sort of astonishment when I see the number of bicycles in various states of disrepair sitting in people’s back yards. It occurs to me when I start to talk to people that even basic bicycle mechanic skills are not commonly available. If we are going to start using bicycles more often, something needs to be done about that. Which doesn’t mean that everyone should be able to swap a rear derailleur in 40 seconds or less, because the reality of going on longer-distance bike rides with experienced cyclists is that not all of them can fix a flat tire either. Some people in larger centers have realized that cyclists are not mechanics, and are reacting. For example, a group of Torontonians is (or at least were) offering a sort of emergency bike-side assistance for city riders. For a small fee, they are dispatched by a phone call, with tools to repair your bike, and a trailer to tow it away if they can’t fix it right away. This eliminates the inconvenience of bicycle maintenance for those who are less technically proficient, and is a tremendous step on the road to getting more people riding their bicycles. For the real evil genius, I don’t expect technical proficiency to be an issue, but a few hints and notes on what to do couldn’t hurt. This is, after all, the first step in getting the most efficient vehicle on the road moving. And possibly, the start of a series of emergency bicycle repair services across the country (wink-wink, nudge-nudge).

Project 3: Flat Isn’t Phat

You will need

• A flat tire on your favorite bicycle (or one of your best friend’s, your uncle’s or little sister’s).

• A deluxe patch kit from your local bike store that contains at minimum the following parts (see Figure 2-4 for details of what you are looking for):

• three plastic tire irons (yes, you should actually use iron tire irons, but they are getting harder to find)

• rubber patches of various sizes

• rubber cement

• small metal scraping tool.

[image: Image]

Figure 2-4 A typical deluxe bicycle tube repair kit.

• A bucket (or sink) filled with water.

• A bicycle air pump.

Steps

1. The first thing to do is to flip your bike upside down (or raise the tire if it is a three or more-wheel vehicle). For a bicycle, this avoids scratching the rims on the ground once you take the tire off, and makes the bike relatively stable while you work on the flat tire.

2. Next, gently push the tire back from the rim at one point.

3. Using the end of the tire iron that has the bend in it already (see Figure 2-5; not the end with the hook), push the tire first away from the rim (toward the far edge) then lift up (see Figure 2-6).

4. You should be able to pull the tire far enough over the rim to enable you to hook the other end of the tire iron to one of the spokes (see Figure 2-7). Hook it there and leave it.

5. Next, take a second tire iron and do the same thing about 15 cm (6 inches) along the rim (see Figure 2-8). If it is tight, try closer to the first tire iron, but as far apart as you can manage. The two tire irons should both be pulling the tire over the edge of the rim.

[image: Image]

Figure 2-5 Detail of a common tire iron (now made out of plastic), showing the end (pointing down) that interacts with the tire.

6. Use the third tire iron in the same manner on one side of the other two irons, about the same distance away as before. Using three tire irons is best: if you only have two and it is not a tight tire, it is often possible to remove one of the two tire irons and insert it a little further along without the tire sliding back onto the rim. You may also be able to simply slide the second tire iron along to the rim to free the tire.

7. When you insert the third tire iron, the middle one should start to become free of the rim.

[image: Image]

Figure 2-6 Pushing the flat end of the tire iron under the edge of the tire.
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Figure 2-7 Hook the tire iron to the spokes once the flat side is inserted under the tire.

8. Pick it up and insert it under the edge of the tire further along the rim from either of the other two. Now the tire should be loose enough that you can slide the tire iron around the entire rim and pull one edge of the tire off (see Figure 2-9).

[image: Image]

Figure 2-8 Insert a second tire iron; then, slide it along the rim to free one edge of the tire.

[image: Image]

Figure 2-9 Pull the tire back to reveal the inner tube.

9. Reach into the tire and feel the inner tube, find the valve (see Figure 2-10) and gently pull it out of the hole in the rim. Then you can remove the tube from inside the tire (Figure 2-11). There is no need to take the tire entirely off the rim, just leave it hanging half on (unless in the case pictured, your bicycle is actually a recumbent tricycle, shown in more detail in a later chapter).

[image: Image]

Figure 2-10 Detail of the valve; push it back into the rim before trying to remove the inner tube.

[image: Image]

Figure 2-11 Pull the inner tube from the tire.

10. Your inner tube won’t be completely free of the bike unless you took the wheel off. The front or rear fork will keep it attached, but you should be able to fix it without removing the wheel from the frame.

11. With your air pump, fill the inner tube with a small amount of air, until the tube gets its circular shape back (see Figure 2-12). You don’t want to put too much air in or it will get hard to maneuver the tube while it is still attached to the bike.
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Figure 2-12 Filling air into the inner tube with a hand pump.
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Figure 2-13 Place the inner tube in a bucket or a sink with some clear water in it. Look for bubbles, which indicate where there is a leak. Mark the spot once you find it.

12. Run your hand around the inner tube to see if you can feel any air leaks. If you do, make a note of the location by keeping your thumb on it. Keep checking to see if there are more leaks.

13. If you don’t find any air leaks with your hand, grab the bucket of water and put the tube (bit by bit) into the bucket (or a sink, see Figure 2-13). If you see any bubbles coming out of the tube, you have found your leak!

14. Keep track of the hole with your thumb and dry the inner tube a bit. Scrape the area around your puncture with the metal tool provided (see Figure 2-14). This cleans the area and gives the rubber cement something to grip onto. Don’t be too rough because you could create another puncture.

15. Find a patch that is big enough to completely cover the puncture and peel the plastic covering off of it (Figure 2-15).

16. Apply some rubber cement to the tube and to the underside of the patch (Figure 2-16).

17. Wait a minute for the rubber cement to cure a little before your press the inner tube and patch together.
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Figure 2-14 Scrape the tube gently, to clean the surface and give the glue a rough area to adhere to. Be careful, as it is possible to create a bigger puncture at this stage.

18. Place the patch onto the inner tube and press down (Figure 2-17). If some of the rubber cement squeezes out the sides, spread it around with your thumb. Spread a little extra rubber cement around the edges of the patch to make sure that there are no air leaks out the sides.

19. Let it dry for an hour or more (Figure 2-18). You can check the condition of your tire and rim while you are waiting. Look at the inside of the rim. Your rim should have a thin strip of rubber upon which the tube sits. Oftentimes, punctures are caused by one of the spokes pressing through this rubber layer and poking through the tube. Repair or replace the rubber strip if it is damaged, and look for other foreign objects in the rim and tire.

[image: Image]

Figure 2-15 Peel both sides of protective packaging off of the patch. Start by rolling the patch away from the aluminum backing at one corner and then peel diagonally to avoid tearing the patch.

[image: Image]

Figure 2-16 Apply some glue to the tube over the patch you previously scraped.

20. Once the inner tube is dry, you’ll want to briefly fill it up with air and run it through the bucket to make sure you got all the leaks.

21. Then, to begin putting your inner tube back onto the rim, line up the valve with the hole in the rim and push it through (Figure 2-19).

[image: Image]

Figure 2-17 Press the patch onto the inner tube and hold for a second. If some glue leaks out the sides, spread it around the edges and make sure they are securely stuck to the tube. The edge of the patch is a common place for leaks to reoccur.
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Figure 2-18 The completed patch job drying in the sun.

22. Place the inner tube inside the tire (Figure 2-20) and then start pushing the tire back onto the rim.

23. When you get about three-quarters of the way around the rim, it might start to feel difficult to stretch the tire over the rim (Figure 2-21). You may be tempted to reach for the tire irons that were so handy when removing the tire. Don’t do it! It is very easy to puncture your tube again when putting the tire on.

24. Despite what you might think at this point, it is possible to put the tire back on without using any tools. This is the safest and correct way to put a tire back on the rim. Grab the back-side of the rim with the fingers of both hands and use your thumbs in a rolling action to push the tire back onto the rim (Figure 2-22), little by little. Just start at one end and keep working down until the entire tire has squeezed itself back on the rim.
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Figure 2-19 Feed the valve stem on the inner tube through the hole on the rim.
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Figure 2-20 Place the inner tube back into the tire.

25. Grab your air pump, fill up your tire (Figure 2-23), and test out your repair job.

[image: Image]

Figure 2-21 With the newly repaired inner tube inside, start pushing the tire back onto the rim.
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Figure 2-22 Use your thumbs in a rolling action to coax the last parts of the tire onto the rim. No tools are needed at this point!

Driving smart

Reducing the amount that each of us travels, particularly by car and airplane, can go a long way towards using energy efficiently. There are, however, many situations that today are too difficult to consider not using a vehicle for, particularly in the North American context. For this reason it is important to consider the efficiency of the vehicle(s) you drive. There are many things that affect how efficiently you use energy while driving. Occupancy, or how many people there are in the car, is obviously one of the most obvious ways of increasing the efficiency of fuel use around the world. There are simply far too many single-occupant vehicles traveling around our roads and highways today. Carrying four empty seats is simply not smart; try to fill them up when you can. Some cities encourage this by providing carpool lanes for higher-occupant vehicles. If these aren’t in place in your city, ask why not? If your government representative can’t answer your questions, ask a reporter. They may find a story in it, which will help bring the environment even more into the public domain and carpool lanes to your highway.
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Figure 2-23 Fill the tire with air, and check the pressure (read on to the next project if you are unsure how to do this).

Project 4: Round and Round

Just before you have a full car rolling down the road, it is important to consider the state of your vehicle. Questions you should ask about the state of your car include: Has the car been maintained lately? Was the air filter and oil changed? Did I check the tire pressure? Do I even know where to find the correct information? Each of these details about your car can have a significant effect on the fuel economy and performance of your vehicle. For example, studies show that about one in three vehicles on the road have at least one tire under-inflated. One under-inflated tire has been shown to reduce fuel efficiency by up to 5%, but only takes a few minutes to correct. Poorly maintained tires will also cost more money in tire maintenance, and could be dangerous. Also, 5% of your fuel bill goes up in smoke because of too little free air. That doesn’t seem very ingenious to me, so checking your tire pressure once a week is highly recommended. If you don’t know how to check your tire pressure—nevermind where to find the correct pressure to fill it to—you are not alone.

You will need

• Your reading glasses (maybe even a magnifying glass).

• A tire gauge and potentially an air pump (the one at your gas station will do).

Steps

1. The first step is to find the correct tire pressure for your vehicle.

2. If you went to look at the tire itself, you are wrong, sorry. Tires typically have the maximum safe pressure rating stamped on their side. This is not necessarily the appropriate pressure for your specific vehicle.

3. The correct tire pressure is typically found on a small metal sticker affixed to the frame on the edge of the driver’s side door (see Figure 2-24). Alternatively, look in your owner’s manual. If that sounds like a lot of work, think about what five percent of your fuel bill could buy.

4. Now that we know the correct pressure we’re looking for, we can check each tire individually. Remove the dust cap from the valve stem and press the tire gauge flat onto the stem (see Figure 2-25).

[image: Image]

Figure 2-24 Location of the label on the inside of the car door, showing the correct tire pressure for the vehicle.

5. If the pressure indicates that the tire is low, fill it by pressing the nozzle straight down onto the stem, just like we did with the pressure gauge. Some compressors require a handle to be pushed to start the air.

[image: Image]

Figure 2-25 Using a tire gauge to check the correct pressure.

Project 5: Driving Smart

Real evil geniuses will know everything they can possibly do to increase the efficiency of their energy use, but sometimes even the most efficient of us can’t help but drive. There are, of course, heaps of other things that the average driver can do to squeeze ever more miles out of each gallon of gas.

You will need

• You (the driver) and a car.

• Some fuel in your car.

Steps

1. Turn your car off when you are not moving. Idling your car for more than 10 seconds wastes gas and gets you nowhere. The average car in North America idles for about 10 minutes a week, not counting time spent idling in traffic. The least a green genius could do is to turn off the engine while waiting to pick up friends. In many European countries, drivers are in the habit of turning off their engine while waiting at particularly long traffic lights. The lights there even indicate (through an advance amber) that the light is about to turn green, to give drivers a chance to start their engine. It reminds me of a Formula One race, and I like it.

2. Carpool. We mentioned this already, but it is so important that there is no issue doing it again. When you travel alone in your car, you are using it at less than a quarter of its possible (per passenger) efficiency.

3. Buy the smallest and most efficient vehicle that is appropriate to your needs. Car companies post the mileage of their vehicles, so it is up to us as consumers to pay attention and buy fuel-efficient vehicles. Not everyone will find a hybrid suitable (maybe only those who spend a lot of time in urban areas) and not everyone can live without a truck either. What is important is choosing the most efficient vehicle among those that fit your needs, and then using it only when appropriate. Not really genius, just smart.

4. Slow down. Speeding wastes an enormous amount of gas, and doesn’t tend to get us places much faster. Modern vehicles are said to travel most efficiently at around 56 miles (90 km) per hour. Test it out: this one is easy.

5. Learn about and practice efficient driving styles. Individual driving habits can result in up to 40 percent more fuel being used for the same trip. Efficient driving techniques include accelerating slowly off of stoplights, never speeding, not accelerating up hills, and reducing the amount of braking needed by looking ahead in traffic. Search the Internet for “hyper-milling” to get started.
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isosceles triangles. Join the two

scrap pieces so that you get a fourth
whole triangle.

4.Take the sixth 2 ftx 2 ft square wall board, and cut it
10 get one whole isosceles triangle, and two halves that
you willjoin. This gives you a total of six isosceles

1o join together for a hexagonal roof.

5. When you join the five remaining 2 ft x 2 ft
squares and attach the roof, you'll

have a five walled “pup” hexayurt which is
approx. 3 ft high,
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