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As I write this - in Spring 2011 - the price of gasoline just across the street has jumped to $3.59, Japan’s nuclear industry is literally melting down, the Saudi’s have invaded Bahrain (at the invitation of its Sunni king), Libya is tearing itself apart, the Canadians are digging up miles of prairie and soaking up giga-gallons of fresh pure water to mine for tar sands, and West Virginia mountains are being ‘disappeared’ to get at the coal underneath.
Despite soaring (and, occasionally, plummeting) energy prices and the uncertain security of traditional fossil fuels energy sources, neither governments nor markets seem capable of engaging in serious discussions of our long term energy future. Likewise, the reality and significance of the environmental impacts of producing and using fossil fuels is a subject of violent emotion, deep controversy, and (too often) fuzziness of fact.
I can’t predict (and don’t believe anyone who says they can) precisely what’s going to happen over the next few years in geo-politics, the energy economy, or the environment, but ….
Energy supplies are going to be less, not more, reliable as population and economies grow and as the more cheaply accessible fossil fuel sources are ‘mined out.’
Don’t look for a new era of cheap energy. However, if history’s any guide, energy prices are sure to yo-yo up and down under the competing influences of supply, demand, global business cycles, and energy market speculators.
The public discussion of energy policies and technology seems often to devolve into unrealistically stark either - or propositions: traditional fossil fuels are an evil anachronism or the only workable option; renewable energy can save us tomorrow or it’s an idle daydream; global climate change is a hoax or it’s an immediate disaster.
More and more, these realities and controversies are driving people, companies and institutions to look for alternatives - for ways to reduce their electricity, heating and cooling bills, and the economic black hole of the gas pump. These alternatives come in many forms - solar and wind, tidal and geothermal energy, renewable fuels and bio-diesel.
Sorting reality from the hype of alternative energy (and equally, understanding the pro and con of a fossil fuel status quo) calls for a grasp of physics and engineering, business economics and architecture - along with a dash of psychology, pioneering spirit and geo-political crystal-balling. For example:
Solar panels for your home may not be the utility-busting slam-dunk that solar evangelists would have you believe, but plenty of solar powered homeowners are putting money in the bank by selling electricity back into the utility grid.
The wind is free - but the huge wind turbines to capture it and the high voltage transmission lines to carry the resulting electricity are anything but. And - oh, by the way - even some fervent environmentalists and property owners bitterly oppose big wind energy development.
Energy economics - for conventional as well as alternative energy sources - is a confusing and ever-changing mix of supply-and-demand market forces, government subsidies and tax breaks, and exciting new technologies, and the seemingly inevitable advantage of the powerful and established over the new technology on the block.
There’s a sort of Wild-West vitality about the alternative energy marketplace. Scientific discoveries and engineering development drive innovation and cost effectiveness on the technology front, entrepreneurial ingenuity creates new ways of connecting the emerging technology with customers, corporate capital and organization transform good ideas into commercial realities.
This book, Sunshine, Blue Skies: At Home with Solar and Wind Energy is designed to bring some organization and perspective to the fragmented and rapidly evolving alternative energy landscape. With a focus largely on wind and solar energy, Sunshine, Blue Skies… looks at the range of today’s technologies and where they’re likely heading, where and why they’re being used today, and where they’re likely to be tomorrow.
Sunshine, Blue Skies… approaches the alternative energy discussion mostly from the perspective of homeowners and small business owners who want to know more about their energy alternatives, but all of Chapter 5 “Alternative Energy for Architects, Builders and Suppliers” is devoted to the issues business owner and professional must know to be successful in the growing marketplace for alternative energy.
Some Alternative Energy Basics
Solar energy is the accumulated ‘oomph’ of billions of photons of light energy arriving from the sun and striking the earth. Those photonic rays of sunshine warm the old cat basking in the winter sunshine, give you an awful burn when you neglect the sunscreen, and make the parking lot a torture for your bare feet. Collect enough of those photons as thermal energy, package them up in a convenient form, and they can accomplish real work:
Cook your dinner and heat the water to wash the dishes, your clothes and yourself
Heat and (with some ingenious engineering) cool your home or office
Boil the water to make the steam to turn the dynamo to generate electricity
These days, we’re more likely to think of solar energy in terms of photovoltaics - converting sunlight directly to electricity, as the lively thump of these rays of sunshine liberate electrons by the billions from the crystalline surface of the solar panel.
While a few solar energy developments on the size and economic scale of public utilities have been built (notably in southern California and in Spain), solar energy is generally a dispersed technology, applied most often at the level of individual homeowner or business.
Wind energy - the kinetic energy of moving masses of air - can be harnessed directly (Think of the windmills of Holland or the US Midwest.), or it can drive wind turbine dynamos that generate electricity. (Think of the massive wind farms of the Great Plains or the weathervane generators you sometimes see on rural farms and barnyards.)
Wind energy seems to have achieved its greatest impact in industrial scale installations - as anyone who has seen the massive wind farms of western Oklahoma or passed trucks hauling huge wind turbine blades can surely attest.
Some other renewable energy sources have interesting potential (and a history dating back centuries!) but are less well developed as modern substitutes for fossil fuels:
Tidal Power captures energy from the huge tonnages of tidal sea water which ebb and flow daily, pulled by the gravity of the sun and moon.
Wave Power uses the incessant rise and fall of ocean waves to do useful work.
Geothermal Energy, captured by tapping into the earth’s hot interior, generates a modest amount of electricity and heats homes and businesses in a few cities.
People, of course, have relied upon the power of running rivers since long before we learned how to tame electricity. Today, hydroelectric power generation supplies a modest but important fraction of the world’s electric energy. (‘Modest’ overall, but I hasten to add, not modest at all in certain regions, such as the Pacific Northwest of the US.) To reach a significant scale, hydro-electric power require huge volumes of falling water, usually the water in huge man-made lakes and reservoirs, sometime (as with Niagara Falls) from natural geologic formations. In either case, locations suitable for large scale hydroelectric development are fairly rare around the world - and mostly already taken.
If you’re fortunate enough to have a mountain stream running through your property - and if environmental impact and water rights regulations will allow it - you might consider ‘micro hydroelectric’ generator, hydroelectric power on a personal or community scale. A small number of people do it today in the US, mostly in the mountain West.
Replacing fuels and raw materials derived from oil, coal and natural gas with greener materials from renewable sources is big business - for corporations, for entrepreneurs, and for researchers and inventors:
Ethanol - ethyl alcohol - is made by fermenting sugar cane wastes (in Brazil, for example) or grain (as in the US). Ethanol is an important motor fuel in the US, Brazil and other countries.
New factories in Brazil and China can convert that same bio-ethanol to ethylene and other basic chemical building blocks. Soft drinks packaged in PET plastic bottles made with glycols from this “bio-ethylene” have been available (principally from Coca Cola) in limited US markets. In this case, about 30 percent of each bottle’s weight is bio-sourced. Bottles made from what is claimed to be a 100 percent bio-derived analogue of PET plastic have just been commercialized (Spring 2011) by Pepsi.
A tremendous amount of research and entrepreneurial development focuses upon improving the efficiency of the alcohol producing micro-organisms, upon encouraging them to ‘eat’ more plentiful, less valuable agricultural wastes, and upon making more valuable chemicals (butyl alcohol, isoprene and acetone, for example) through biological processes.
The amount of energy consumed in the US is mind bogglingly huge. The 100 Quadrillion BTUs that we use each year (that 100 followed by 15 zeros, an almost meaningless quantity for most of us) is equivalent to about 17 Billion barrels of crude oil (or 700 Billion gallons, or 8000 shiploads of crude oil in our very largest oil tankers), or about 5 Billion tons of coal per year. (And that’s equivalent to about 50 Million railroad cars full of coal.)
Over 80 percent of US energy usage derives from fossil sources: crude oil, coal, and natural gas. Of course, not all of it comes over the ocean in crude oil tankers from the Middle East, Venezuela or Africa. A large share of our electricity comes from coal mined in places like West Virginia, Illinois and Wyoming. Crude oil and natural gas produced here in the US, meets something less than half our petroleum needs. About 8 percent of US energy needs are supplied by nuclear power plants, and renewable energy sources, another 7 percent.
Renewables today are dominated by large scale hydroelectric generation, wood wastes (primarily from burning saw mill and wood products factory scrap). Bio-ethanol (and, to a small extent, bio-diesel) are important components of our transportation fuels mix.
Although the wind and solar components of the renewable energy category have been growing rapidly, their overall contribution to the energy supply mix is still quite small in the US, each only a tiny fraction of 1 percent of our total energy consumption.
Energy from Fossil Fuels
The world energy scene is dominated by fossil fuels: oil and natural gas for the past 100 years or so, coal for the 2 centuries before that.
The coal, oil and natural gas we’re using today were created over geologic timespans, in formation deep underground, from the remains of forest swamps that flourished 300 Million years ago. Baked for eons under the earth, the nature of the resulting fossil fuels - solid, glassy, almost pure carbon anthracite coal; waxy, tarry lignite; the mish-mash of liquid hydrocarbons in crude oil; the nearly pure methane and ethane of natural gas - was determined by the particulars of temperature and pressure, chemistry and time.
Coal: People have been burning coal for a couple of thousand years and more, but large scale coal mining took off with the Industrial Revolution in Eighteenth Century England, fueling global industry well into the Twentieth Century. The roots of the US coal industry are in northeast Pennsylvania’s anthracite coal region, but today it’s dominated by mining operations in the Appalachian states (especially West Virginia), the Midwest (Illinois and Ohio) and Wyoming. Wyoming coal is prized for its unusually low level of sulfur contamination, Midwest coals are relatively accessible by open pit strip mining, and Appalachian coals are high quality and situated near their major users.
Once it is mined, the coal is crushed, sorted by size, washed to remove unburnable materials and contaminants, and then shipped, usually by rail or barge, to users.
Although small amounts of coal are used for domestic heating, most coal used in the US today is burned to generate electricity. In the typical power plant, coal is crushed to a fine powder, then blown into the firebox on a controlled stream of air. Water boils in an elaborate collect of tubes and tanks, and the resulting steam drives the huge dynamos that generate the electricity.
Burning coal creates a huge flow of flue gas, mostly carbon dioxide CO2 and water from the combustion process, along with sulfur dioxide (from sulfur contaminants in the coal), nitrogen oxides, mercury and other contaminants. Emissions levels and pollution control requirements, mandated by the US EPA and other agencies, are the subject of continuing political discussion and controversy.
In a small number of cases, US electric utilities are experimenting with coal gasification, a potentially cleaner, more efficient way to make electricity from coal. In this so-called “clean coal” process, coal is cooked with oxygen at high temperatures to yield a mixture of hydrogen and carbon monoxide CO gases, plus carbon dioxide, water and a glassy solid residue.
The hydrogen plus CO “synthesis gas” fires a jet engine like turbine generator, and heat recovered from the turbine exhaust and from the gasification reaction is used to create steam to generate additional electricity. According to coal gasification proponents, the nature of the processes makes it much easier to isolate and dispose of contaminants like sulfur, mercury and other metals, and CO2 greenhouse gas emissions.
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