Can we Shift from the Petroleum Economy to the Bio-based and Solar Future?  

Summary:  Some say the 21st century will be the century of renewables and bio-energy.  Certainly the vast impact of global change is now upon us and set to grow in intensity and in  ways that we have never before experienced in our history.  I believe the potential for clean, renewable energy is the only long-term solution to what will be the biggest climatic helter skelter ride to occupy the human race.   Researchers estimate that solar photovoltaics could be supplying 20 percent of  the entire EU-25 energy consumption within twenty years.  And by 2040  solar could be generating 16% of the world’s electricity output.  Complementing this, wind energy could provide as much as 29% of the world’s electricity needs by 2030 and more than 34% by 2050 -- given the political will to promote its large scale deployment paired with far-reaching energy efficiency measures.  Bio-energy and bio-fuels are now politically supported as a way to further increase  domestic energy stability though concerns about protecting biodiversity remain. Wave and tidal energy show huge promise. Just as climate change is set to irrevocably disrupt our environment it also presents opportunities to bring forward these ‘disruptive’ sets of technologies in the best possible sense of the word, ie. decentralized, locally owned and sustainable. 
TALK given to the Conamara Ireland Sea Week Conference, October 28, 2006 and will also be posted under http://www.ceecc.org/

Can we Shift from the Petroleum Economy to the Bio-based and Solar Future? 
Note:  Please see accompanying powerpoint presentation. 

As I watch more programmes on TV about the changes our planet will experience as the earth warms I know that millions of people are concerned enough to be working toward solutions or asking what they can do. This comes at a time when the industrialized countries are now focussed on political energy security and supply.  You can almost hear the flip back into domestic energy policy security.  The fact that George W Bush publicly admits the US has an addiction to oil has  catapulted energy policy into the fore like no other environmental issue.   

This talk looks at some of the expected effects from climate change and what some of these solutions are.  Although this is meant to be an empowering summary of facts about renewable energy I did not want to understate how hard this push will be and so I  will briefly touch on the history of the electric car and who was behind its demise. We are fated to make the same mistakes if we do not understand what went before us.  With the release of the Irish Government’s Green Paper ‘Towards a Sustainable Energy Future for Ireland’  this month I will summarize some of the developments and potential of wind, solar and other renewable energy sources.  Finally, and using some examples from Canada,  I’ll outline a few of the options that citizens have to get active in promoting renewable energy so that by the year 2020 we can see we have set the right course.    

I.   Global Warming is Happening -  and the change is escalating 

The earth’s climate is changing rapidly and it is now a scientific certainty that we are responsible for this increase in CO2 and other greenhouse gases which are trapping heat around our globe. The problem is that our current economy is based on oil, gas and coal – all heavy emitters of carbon dioxide and other green house gases (GHG) into the environment during processing in refineries, flaring and burning. The biggest contributor to CO2 build up is power generation (24.5%) and the biggest contributor among all power sources is coal.  It is not good news that the burgeoning economies of China and India are building new coal-fired plants.   The deforestation in the Amazon and forests worldwide are the second biggest cause of carbon build up in the atmosphere because we are basically cutting down the ‘lungs’ of the planet.  Without photosynthesis through trees we are disrupting the uptake of carbon dioxide from the air.  In fact the planet's overall temperature is the warmest it has been in 12,000 years.  Global temperature has gone up by 0.7 degrees C in a hundred years.  Precipitation has increased globally.  Sea levels have risen.  
NASA notes that the recent warming has brought global temperature to a level within about one degree Celsius of the maximum temperature of the past million years.  In Canada as I type this I read in today’s newspaper that Environment Canada is predicting a milder than normal winter.  Last year in Canada we had the warmest winter on record – almost four degrees warmer than normal.  This year US meteorologists are predicting a warm winter spurred by El Nino which is a weather pattern arising from the warming of the sea surface over equatorial areas of the Pacific Ocean.    El Nino’s last appearance in 1997 helped trigger severe fires, rainfall and cyclones across North America, Africa Asia and Australia.  It also coincided with the ice storm that claimed 22 lives in southern Quebec and Ontario when layers of ice toppled power lines and trees leaving the area without electricity for weeks.   
“Global temperature today is about six degrees warmer than it was during the last ice age.  The projections we are talking about for this century are for a warming of a third to a half of that again.  But instead of the increase taking place over thousands of years it is set to take place over a hundred years.   That’s a rate of change that hasn’t been seen for at least 10,000 years, probably a lot longer and it will take the world into a climate regime we’ve not seen before – at least not since human beings have been around.  We don’t know what will happen.”  - Dave Griggs, Director of the Hadley Centre for Climate Prediction and Research, UK.
  

The impact of this change is still little understood because humans have not been around to witness what a warmer world would look like.  But we know that in the last half of the 20th century 1,700 plant, animal and insect species are moving pole-ward at an average rate of about 4 miles per decade to seek the lower temperatures they are accustomed to.   In Canada, for instance, the red fox has colonized an extra 600 miles of Baffin Island which is causing territorial conflict with the Arctic fox.  Other species are breeding and hibernating earlier.  Recently the Royal Society for the Protection of Birds in the UK recommended that people begin planting non-native plant species because birds are finding it difficult to survive – simply because the native plant species they depend on are themselves finding it difficult to survive.  People in Greenland are now farming – planting barley, potatoes, turnips and iceberg lettuces commercially.  
Oceans are absorbing the increased heat and researchers are noting that the warming has been marked in the Indian and western Pacific Oceans which could lead to more El Nino episodes.
Dr. Griggs of the UK Met Department further explains, “ An increase in global temperature of two to three degrees won’t translate into a simple increase in temperature wherever you or I happen to be. It’s about what this type of increase will mean to the functioning of the global climate system in terms of the intensity of cyclones, storms, floods and the longevity and severity of droughts.   It’s about the impact on climatic extremes.”    

In Canada our Artic Sea ice is melting rapidly and has been reduced in thickness by about 40% since the 1960s.  This is causing the Canadian Coast Guard to spend more time up north staking out our territorial oversight and there are plans to build a large port on our Arctic shores – probably to ship the oil from the Tar Sands which are currently under development.  That is one the of the reasons Canada cannot meet its Kyoto targets and instead of reducing by an average of 5% CO2 emissions – against a 1990 baseline – we have actually increased emissions by 27%.  Scientists now predict the Arctic could be ice-free in the summer months by 2050, give or take 30 years.  When it happens, it will be the first ice-free summer in one million years.  Thinning Arctic ice is endangering the polar bear who needs the ice for hunting.  Evidence shows that the animals are on average 15% thinner than they were 30 years ago with a population drop of 27% in the last ten years.  Some predict we could see them go extinct this century.  So contrary to the image Canada has, we are an on-going contributor to climate change and I’m happy to say that this week’s Energy Policy released by our Conservative Government has met stiff opposition from all other political parties and the media for not laying clear timelines and performance goals.  

On top of that the permafrost is melting in our northern territories and in Siberia.  Permafrost covers close to 20 per cent of the planet and almost half of Canada.  As it melts it could  release huge stores of methane which is a more powerful GHG than CO2.   Scientists, again, just do not understand what this could mean in reality.  What they and northern communities are witnessing however, are enormous blocks of the frozen ground sliding and toppling into Arctic seas and rivers.  It’s playing havoc with pipelines and buildings in northern Canada.  
How much could the ocean levels rise due to melting ice? Sea ice melting,  such as in the Arctic,  does not change the sea level much.  But Greenland and Antarctica are mostly on land.  As the Economist points out,  “ It is predicted that if all of Greenland’s ice were to melt sea levels would rise by around 7 metres.  If West Antarctica’s were to go that would add another 6 metres...  Even a 1-metre rise would cause serious problems for coastal cities such as London and New York, not to mention the millions of people living by the coast in countries such as Bangladesh.”     Nobody knows what is happening to the mass balance of Antarctica.  Greenland ice does seem to be shrinking very slightly.  We really don’t know what to expect which is why the Intergovernmental Panel on Climate Change updates its predictions every year as new information comes in.  
Of particular interest to those of us sitting here today by the beautiful Connemara coastline is that scientists are closely watching the Gulf Stream.  The Gulf Stream which allows palms to grow on the west coast of England and Ireland and keep the temperatures nicely above 0 degrees C for most of the winter is driven by the rotation of the earth and by a deep water current called the Thermohaline Circulation which pulls warm salty water from the tropics northwards.  As it approaches the Arctic it loses heat and begins to sink because it is saltier and heavier than the surrounding water.  As it sinks, it pulls in more warm water from the tropics while the deeper water returns to the tropics via the coast of Florida.   The reason why scientists are watching the Gulf Stream with so much interest is that about 8,000 years ago it ‘packed up’ when a sudden flood of fresh water from a North American lake tipped into the North Atlantic.  The fresh water seems to have diluted the Gulf Stream’s saltiness and thus weakened its flow.  And that, as the Economist Magazine points out, is what could happen as the Arctic ice melts.  
Model predictions vary.  Some, like that from the Hadley Research Centre of Britain’s Meteorological Office anticipate a 50% slow down over the next century.  Others anticipate a two in three chance that it would shut down over the next 200 years.    What does a shut down mean?  Dave Griggs of Britain’s Med Office states “If the Gulf Stream switched off it would have very serious consequences, particularly for northern Europe but really right around the world.  In our part of the world it would lead to significant cooling.  We think it’s unlikely to happen within the next 100 years, but how unlikely we’re not sure.  We don’t know where the trigger point is.”  
Even if we stopped all GHG emissions today  global temperature would continue to increase for a couple of hundred years, because it would take that long for gases already in the atmosphere to dissipate.  Not to mention that the heat that has accumulated in the oceans would be released leading to further increases in global temperature.  As hard as it is to get our heads round this reality, our children are witnessing a very different climate to what those older among us would have previously called ‘normal’.   

II  Stopping the current harm
So how do we tackle this and can we indeed move from our fossil fuel based economy to a solar and biobased economy?  The good news is that the technology is here; the bad news is that the oil, gas, coal and auto industry have traditionally called  the shots...and in many countries politicians are too embedded in these sectors to put as much effort into promoting renewables as they are into justifying on-going fossil fuel development.  The only difference now is that we have learned the language of ‘clean coal’ and ‘carbon capture and storage’.  Clean coal technology involves using the coal to make a mixture of hydrogen and carbon dioxide, burning the gas in a turbine and storing the resultant carbon dioxide by-product. The resultant gas is a cleaner fuel.  Carbon sequestration is the capture of carbon dioxide generated by industrial processes and large scale energy conversion, its transportation by pipeline or ship, and its injection into (hopefully) secure geological structures.   

Just last year the EU and China signed a deal aimed at accelerating the development of carbon capture and storage technology for use at Chinese coal-fired power stations.  Proponents of CCS claim that we will need every tool in the box if we are to stand any chance of mitigating the worst impacts of climate change and it that  it allows the opportunity to develop alternative energy supplies while maintaining current supply with virtually no carbon emissions.   Proponents also believe carbon capture will also allow the generation of hydrogen fuel and clean electricity.    
Although I agree that we will need every tool in the box, I have to say I’m sceptical.  It allows business as usual – with all the attendant subsidies – but with a cap on emissions to be developed sometime in the future.  Will all new coal, oil and gas facilities be mandated to capture their CO2?   Will car manufacturers apply a focus into developing hybrid electrics?  And will the roll out of hydrogen (forecasted to be decades away) be time dependent on decisions made by the oil and gas industries – not to mention the auto industry?     
...But Who Killed the Electric Car?
It is worthwhile considering the demise of the electric car in this respect.  A hundred years ago there were more electric cars on the road than gas.  In the 1990s thousands were rolled out and used in California under the state’s Zero Emission Vehicle Mandate whereby  10% of all cars on the road would be emission free by 2003.  With the development of  more efficient batteries these cars could reach 120 miles per charge which was sufficient for most of the urban population who drive on average 29 miles a day.  There were no emissions and drivers simply charged their cars at night or wherever a ‘plug’ was available.   Today, not one of these electric vehicles is on the road having all been towed away – while still fully workable – and crushed.  
An excellent documentary ‘Who Killed the Electric Car” explains the actors involved in letting this happen.
  The film asks: 

 “Why did oil companies fight so hard to stop funding of public charging stations?  Why did Mobil take out full-page national newspaper ads critiquing the merits of electric cars?  Why did oil industry lobbyists pressure legislators?  Electric cars may not have been a short-term threat, but if they caught on, they certainly could have become one.  The oil industry sells nearly 3 billion gallons of gasoline per week in the U.S.  According to the Environmental Protection Agency, commuters alone spent $60 billion on gasoline in 2004.   As the world demand for transportation fuel increases, a lack of alternatives keeps prices and profitability going up.  The combined profits of Exxon-Mobil, Chevron-Texaco, Conoco-Phillips increased from $33 Billion in 2003 to $64 Billion two years later.   

GM, Ford, Honda, Chrysler, Nissan, and Toyota all developed electric vehicle programs but undermined their success every step of the way. Why?  Electric cars are a threat to the profitability of the conventional gas-powered auto industry. GM said that it spent more than $1 billion to market and develop the EV1. Not only would a successful electric car program cannibalize sales of conventional cars, but the electric car costs the auto industry in other ways: lacking an engine, it saves the driver the cost of replacement parts, motor oil, filters, and spark plugs. The EV1’s regenerative braking system, in which the car’s electronic controls handled much of the work of slowing down the car, spared the car’s mechanical brake system from wear. Brake parts and repair is a billion-plus dollar industry alone.”

In October 2002, the Bush administration joined automakers and car dealers in their lawsuit against the Zero Emission Vehicle  mandate, arguing that it amounted to an attempt to regulate fuel economy, which only the federal government has the authority to do.  And ten years  later the electric car was dead.   Another US environmental group
 comments that 
“The hydrogen fuel cell – which was touted as a better investment and more environmentally clean than the electric car -- is attractive to the oil and auto industries because most hydrogen is made from fossil fuels. Even if hydrogen were made from renewable electricity, it would still be delivered as a fuel—instead of via an electric utility. By touting Hydrogen Fuel Cell cars as the great hope of the future, political leaders who are beholden to the oil and auto lobbies can appear to value innovation and conservation while promoting these lobbies’ interests.”  
In October,  Ireland’s  Department of Communications, Marine and Natural Resources released the Green Plan
 which proposes to boost energy efficiency by a total of 20% by 2020, in line with the objective set out by the European commission at EU level last year. The ban on nuclear will be maintained.  However “The Government is committed to realising the commercial potential of oil and gas resources that exist in offshore Ireland. Against the backdrop of high global oil and gas prices, the Government will continue to encourage investment in oil and gas exploration.”  

It will be necessary to see if carbon capture and storage is a mandatory part of this scenario in Ireland and I urge folks to read the plan which is available on line.  Note that the government is asking for comments within the next two months.   
III.   The Many Faces of Renewable Energy

The European Union has taken climate change seriously – more so than the federal governments of Canada and the US.  The EU has a target to achieve 12% renewable energy by 2010 which is much higher than conventional thinking which anticipates only 14% of final demand by 2030.  It proposes to do this through increased energy efficiency, switching to renewable energy and achieving competitive prices through liberalised markets
Renewable energy is one of the fastest growing sectors in the marketplace—one third of all energy venture capital went directly into solar in 2005, more than 30 times the amount invested in 1995. The bottom line is that we have the technology, and Wall Street needs to provide the investment capital necessary to bring wind, solar and other renewable sources online. A handful of leading lenders have taken their first steps toward sustainability. 

Could we actually achieve a renewable-solar based energy and economy?  The potential for solar and wind shows that the technology exists now to help us jump to a new energy future.  The facts below are from two excellent reports Solar Generation.  Solar Electricity for over 1 Billion People and 2 Million Jobs by 2020 published by Greenpeace International and the European Photovoltaic Industry Association.  September 2006.   The second report Global Wind Energy Outlook, 2006 published by Greenpeace International and the Global Wind Energy Council.   The conclusions of these two reports is that solar could be supplying 20 percent of  the entire EU-25 energy consumption within twenty years.  And by 2040  solar could be generating 16% of the world’s electricity output.  Complementing this, wind energy could provide as much as 29% of the world’s electricity needs by 2030 and more than 34% by 2050 -- given the political will to promote its large scale deployment paired with far-reaching energy efficiency measures.  
For bio-fuels the EU has established a guideline of 5.75 percent from renewables by 2010.  The EU’s Biofuel Vision Report recommends that by 2030 one-quarter of Europe’s road transport could be achieved with clean, CO2 efficient bio-fuels.  

Other renewables such as tidal, small scale hydro and bio-energy could be factored in to raise this projection even more.  By really focussing on renewables it brings true non/low carbon sources of energy as well as a whole new approach to energy security –  more decentralized, democratic and self sufficient.
THE ADVANTAGES OF SOLAR POWER

There is more than enough solar radiation available around the world to satisfy the demand for solar power systems.  In fact the proportion of the sun’s rays that reaches the earth’s surface is enough to provide for global energy consumption 10,000 times over.   And we all know the sun is free.  Solar technology involves no moving parts to wear out, the systems are modular and can be quickly installed anywhere allowing local autonomy and it produces no noise or harmful emissions.

The market has grown by more than 40 % each year for almost one decade now and the industry is investing large sums for future expansion.  Solar panels can ‘pay back’ their embedded energy content in between 19 and 56 months and deliver between five and eighteen times this amount of energy over their lifetimes.  
THE POTENTIAL OF SOLAR .  

Enough solar power would be produced globally in twenty years’ time to satisfy the elec​tricity needs of 20% of the entire EU-25. Put another way, this would represent the annual output from 150 coal-fired power plants. 
The total number of people  by 2025 globally generating their own electricity from a grid-connected solar system would reach 290 million. In Europe alone there would be roughly 41 million people receiving their supply from solar electricity generation. 
By 2025 it is likely that more than 3.2 million full-time jobs will have been created by the development of solar power around the world. Most of those would be in installation and marketing. 
Although the key markets are now located mainly in the indus​trialised world, a global shift will result in a significant share being taken by the developing world in 2025. Since system sizes are much smaller than grid connect​ed systems and the population density greater, this means that up to a billion people in developing countries would be using solar electricity by 2025. This would represent a considerable breakthrough for the technology from its present emerging sta​tus.
By 2040, the penetration of solar generation would be even greater. Assuming projected increases in   overall global power consumption the solar contri​bution could still provide 16% of the world’s electricity output. This would define solar power as an established world energy source.
PROMOTING SOLAR
Photovoltaics (PV) can be installed on top of a roof or integrated into the roofs and facades of houses, offices and public buildings. Private houses are a major growth area for roof systems.  For example, a solar electricity system in southern Germany supplies up to 100% of the electricity needs of an ener​gy-conscious household.  The German government, strongly supported by public opin​ion, clearly considers PV to be a viable long-term option for pro​duction of carbon-free power and has initiated a 100,000 roofs project.  Most importantly, their Renewable Energy Law has provided a secure, medium-term planning base for invest​ment, at the same time helping to move the technology forward from small-scale manufacturing for niche markets to mass pro​duction for a broad range of applications. 
The EU also has a target for 1 million solar roofs as part of its renew​able energy “Campaign for Take-Off” by 2010. Other countries around the world have similar targets for large numbers of grid
integrated PV systems such as Japan’s 70,000 rooftop proposal.  Renewable energy is seen as an indispensable part of Japanese climate change policy and carbon reduction targets, as well as an emerging technology to be exploited. Japan now has PV systems on thousands of schools, hospitals, factories, warehouses, offices, houses and railway sta​tions. 

The recently released Green Paper by the Irish Government promotes a doubling of renewable energy sources but does not mention solar.  Instead the focus is on wind, small hydro and biomass/bio-fuels with a reference to developing tidal power.  It is important for the public to give comment to the government’s proposals.  As a minimum new building regulations should incorporate solar roofs as other countries in northern Europe have done. 
There are a variety of sources to help learn about generating solar electricity for your home or business.    In Canada most people install PV arrays either to reduce their reliance on and use of utility-supplied power or to ensure supply in the event of power outages. Connecting a solar system into a home to run loads independently of grid power is relatively easy. However, connecting the system to the grid for net metering, or "turning your meter backwards," is a more difficult proposition 

For most users, cost is the biggest obstacle to becoming solar self-sufficient.  Some provinces and states give cash incentives and tax rebates to offset these costs.   Active solar heating (or solar thermal) systems are a more attractive financial proposition. Solar systems that heat water for domestic use in conjunction with a traditional electric or gas-fired hot water heater pay off their cost in six to eight years.
 

WIND ENERGY

As the global market has grown, wind power has seen a dramatic fall in cost. A modern wind turbine annually produces 180 times more electricity and at less than half the cost per unit (kWh) than its equivalent twenty years ago. At good locations wind can compete with the cost of both coal and gas-fired power.   As with solar power the fuel is free, abundant and inexhaustible.  It is clean energy, modular and rapid to install and provides bulk power equivalent to conventional sources.   There is some noise created by the rotor blades as they cut through the air.  But slower rotor speeds and new designs and materials have significantly reduced the noise level in the past several years.  Today, the noise level at 250 metres can be as low as 42 to 43 decibels, which is less than the average background level of noise in city residential areas.  Utilities also go to great lengths to make sure they do not site wind farms in the middle of migratory flight paths.  Furthermore, it is ‘land friendly’ and works well with nearby agricultural and industrial activity.  
THE POTENTIAL OF WIND POWER

The Global Wind Energy Outlook Scenario examines the future potential for wind power up to the year 2050. Three different scenarios for wind power are assumed – a Reference scenario based on figures from the International Energy Agency, a Moderate version assuming that current targets for renewable energy are successful, and an Advanced version assuming that all policy options in favour of renewables have been adopted. These are then set against two scenarios for global energy demand. Under the Reference scenario, growth in demand is again based on IEA projections; under the High Energy Efficiency version, a range of energy efficiency measures result in a substantial reduction in demand. 
The results show that wind energy can make a major contribution towards satisfying the global need for clean, renewable electricity within the next 30 years and that its penetration in the supply system can be substantially increased if serious energy efficiency measures are imple​mented at the same time. 

· Under the Reference wind power scenario, wind energy would supply 5 % of the world’s electricity by 2030 and 6.6 % by 2050. 
· Under the Moderate scenario, wind energy’s contribution would range from 15.6 % in 2030 to 17.7 % by 2050. 
· Under the Advanced scenario, wind energy’s contribution to world electricity demand would range from 29.1 % in 2030 up to 34.2 % by 2050.
All three scenarios assume that an increasing proportion of new wind power capacity is installed in growing markets such as South America, China, the Pacific and South Asia.

Launching the Green Paper this month, the Irish energy minister Noel Dempsey said he wanted to make Ireland a "renewable energy island”.  The paper sets a goal of increasing the share of renewables in electricity consumption to 30% by 2020, which implies a quadrupling of renewables generation capacity and compares with a share of only 5% in 2004.  In 2004, wind was the second largest renewable contributor to total primary energy requirement, surpassing hydro for the first time, while traditional biomass was the largest contributor.  An Irish firm, Airtricity, founded in 1999 has purchased $500 million worth of wind turbines from General Electric for delivery in June 2008 as well  as recently acquiring a Canadian wind farm developer in a deal worth more than $10 million.   
There are several wind farms in Canada and most electricity generated flows into provincial or territorial grids and from there to homes and businesses.   In the western province of Alberta, the electricity from some wind turbines is driving Calgary Transit’s C-Train, making it the first

transit system powered by wind. The programme, called Ride the Wind, is a joint venture with Calgary Transit, Vision Quest Windelectric Inc. and Calgary’s municipal utility. To meet

the C-Train’s annual demand for 21,000 megawatts of electricity, Vision Quest will install ten more wind turbines at its wind farm in southern Alberta and sell the power to the utility.   

Another type of opportunity is offered by Windshare, a project developed by the Toronto Renewable Energy Cooperative (TREC) in a 50/50 partnership with Toronto Hydro Energy Services. Windshare has erected one wind turbine on the Toronto waterfront and has plans to erect a second turbine. To raise funds for its half of the project, TREC offers individuals and companies the opportunity to buy shares in the wind turbines and the electricity they generate.

Individuals can also invest in wind power.  Smaller, consumer-size wind turbines (generally less than 50 kW) are increasingly available and are one of the more cost-effective home-based renewable energy systems. These are designed to power battery chargers, water pumps and remote homes and farms. Some residential or farm systems are designed for off-grid installations, while others could be connected to the power grid, possibly allowing the operator to get credit from the utility for any excess electricity that is produced.  To help consumers understand their options more the Canadian Wind Energy Association has produced a special website – www.smallwindenergy.ca – with a step-by-step planning guide, cost calculator and a directory of dealers and installers in Canada. Individuals can also download software to assess the feasibility of wind installations in any region of Canada. 

BIO-ENERGY

Bioenergy is the use of organic matter (plants, etc.) as fuel via technologies such as: gas collection, 
gasification (converting solid material to gas), combustion and digestion (for wet wastes). 

If implemented properly biomass can be a valuable source of renewable energy, but much depends on how the biomass fuel is produced. 
Sources of Bio-Energy range from methane gas (e.g., from landfills and sewage treatment plants); wet wastes (e.g., abattoirs, feedlots and food processing); dry agricultural by-products (e.g., corn, sugarcane waste); municipal mixed wastes (e.g., household garbage and prunings); and forestry by-products (e.g., remnants from sawmills and forestry operations). 

When done properly it can be almost greenhouse gas neutral or better.  It can stop methane - a greenhouse gas much more powerful than carbon dioxide.  Capturing the methane from decomposing organic waste in landfill and using it as fuel keeps it out of the atmosphere, and generates electricity from a waste product.   It is a renewable resource that can be replaced or grown each year.  It provides rural income since much of the processing must be done on-site or in the region.  This allows decentralization and potential for vibrant small – scale economies.   

For instance a town in Ontario Canada has a plant that feeds organic waste into an anaerobic digestion process to produce compost and create biogas, which is used to generate electricity. At full capacity the plant will produce 2,500 kilowatts of electricity and 60,000 tonnes of compost. In a variation of the process, a nearby town has a facility using landfill gases, created by a natural anaerobic digestion process that occurs as wastes decay in a landfill site, to produce electricity. In the past, the gases were simply burned off. Today, a network of pipes collects the landfill gases, composed of methane, sulphur dioxide and nitrous oxide, and uses them to fuel an electrical generating station. Ontario Power Generation buys electricity from both plants as part  of the company’s green power programme.

However, the use of  crops such as corn, rapeseed, palm oil and soybeans presents a growing and immediate threat to biodiversity unless sustainable agriculture is practiced and consumption rates are constrained.  The increased interest in bio-fuels has also lead to calls from the biotechnology industry to genetically engineer trees with less lignin and more cellulose thereby ‘increasing their carbon value’.   Concern has also been expressed that massive deforestation will continue particularly in countries such as Brazil which supplies much of the soya, corn and palm oil for bio-diesel imports in Europe.   The EU Biofuels Directive recommends that Member States’ meet 5.75% of their transport energy demand through bio-fuels by 2010 and projects even more potential – up to a quarter of all European transport could be met by biofuels by 2030.  However as the World Conservation Union pointed out recently
, “A 20% increase in fuel-efficiency standards is feasible using current technology and would save far more energy than Europe’s biomass could produce.”  We need to address the problem of inefficient fuel standards for cars before we start harvesting our agricultural and plant-based resources for transporation fuels.   Again, much accountability rests with both the automobile industry and the governments to set standards.   
The Irish Government promises targets for biofuels for the period up to 2020 and further research on second generation biofuels.  Other proposals in this area include co-firing up to 30% biomass at the three existing peat stations to extend the availability of peat in the energy mix beyond 2020.  An action plan to be published in December will detail future actions.

THE POTENTIAL OF TIDAL ENERGY

The French built the first commercial-scale tidal generating plant in the 1960s near St. Malo on the north coast of France. With a capacity of 240 megawatts, the La Rance plant is the world’s largest tidal plant. Canada followed in 1984 with the Annapolis Tidal Generating Station in the Annapolis Basin in Nova Scotia. This plant has a capacity of 20 megawatts. Although the tides rise and fall twice a day in all coastal areas, there must be a difference of at least five metres between high and low tides for a tidal generating station to create cost-effective electricity. Today, about 40 areas in the world are considered suitable for tidal generating stations.

Ireland also wants to make greater use of tidal energy.  "The best commercial ocean energy technology should be Irish", Mr. Dempsey said.  The Department estimated in its document, Ocean Energy in Ireland that by 2020 some 84 MW of installed capacity could exist displacing some 90,000 tonnes of CO2.   It is not stipulated what type of tidal technology will be used but the simplest involves building a dam or barrage across a bay or estuary that has large differences in elevation between high and low tides.  When the tide comes in, the water fills the area behind the barrage.  When the tide starts to ebb, the gates of the barrage shut to hold back the water at its maximum height.  Once the tide it out, the water flows through hoes near the bottom of the barrage where the turbine is located.  Such a design is installed in Nova Scotia in the Bay of Funday which is supplying power to 4,500 homes.   
Tidal Turbine is another type of technology and the first tidal turbines did not begin operating until the mid 1990s when a 15 kw tidal turbine was installed in Loch Linnhe on the west coast of Scotland.  Now a UK company,  Marine Current Turbines Ltd, developed and has been successfully operated and tested since 2003.  The turbine is  a 300-kilowatt unit in Lydmouth in North Devon. Tidal turbines resemble wind turbines, except that the blades or rotors are about one-third of the way up the structure and are completely submerged in water. These turbines use the currents of tides that have velocities of between two and three metres per second to turn the rotors or blades. Currents of more than three metres per second put too much stress on the blades in the same way that gale force winds damage wind turbines.  The project, named SEAFLOW (soon to be SEAGEN), lays the foundations for the development of a new industry exploiting what could be a sizeable renewable energy resource.   The Irish Green Plan states briefly that “Full delivery of the National Ocean Energy Strategy, launched in April 2006, will enable Ireland to utilise its ocean energy resource within a decade.”  
Wave Power
Surprisingly, the technologies that harness the power in waves are only 30 to 35 years old. England and Japan were the first to develop methods to capture the power of waves. Today, companies have built or are building installations that convert the energy of the waves into electricity in Scotland, Portugal, Norway, the United States, Australia, India and China.  Various methods exist:  the Tapered Channel System; the Salter Duck Wave Energy Conversion Device and the Oscillating water column system.  
Ocean Power Delivery Ltd
 has developed a novel offshore wave energy converter called Pelamis. Building on technology developed for the offshore industry, the Pelamis has a similar output to a modern wind turbine. The Pelamis is a semi-submerged, articulated structure composed of cylindrical sections linked by hinged joints. The wave-induced motion of these joints is resisted by hydraulic rams, which pump high-pressure oil through hydraulic motors via smoothing accumulators. The hydraulic motors drive electrical generators to produce electricity. Waves produce a widely variable power input, as illustrated, for a single hinged joint. The Pelamis stores energy in hydraulic accumulators to even out this unsteady input and provide a smooth flow of fluid to the variable displacement drive motor, and a steady power output from the machine's generators.  Power from all the joints is fed down a single umbilical cable to a junction on the sea bed. Several devices can be connected together and linked to shore through a single seabed cable.
The first fullscale pre-production prototype has been built and is being tested at the European Marine Energy Centre in Orkney.  . Based in Edinburgh, Ocean Power Delivery has been developing the Pelamis technology for seven years and receives financial support from the UK energy ministry, and investors Hydro, Sustainable Asset Management, the Carbon Trust and 3i plc.

 It is anticipated that future `wave farm' projects would consist of an arrangement of interlinked multi-machines connected to shore by a single subsea cable. A typical 30MW installation would occupy a square kilometre of ocean and provide sufficient electricity for 20,000 homes. Twenty of these farms could power a city such as Edinburgh.  

Last year Portuguese energy company,  Enersis, began building the worlds first commercial wave farm to harvest electricity from sea swells.  Located some five kilometers off Portugal's northern coast, near Póvoa de Varzim, the EUR 8 million project will use three OPD-developed Pelamis P-750 wave power generation units, capable of producing some 2.25MW.   Planned for completion this year, the farm will initially supply some 1,500 Portuguese households with electricity - and displace more than 6,000 tonnes of CO2 emissions that would otherwise be produced by conventional hydrocarbon-fuelled power plants.

A letter of intent has also been issued to order a further 30 Pelamis machines (for a total 20MW) before the end of 2006, subject to satisfactory performance of the initial project phase. If all goes well, many additional sites producing up to a total several hundred MW could be developed along the coast.

"This is a major achievement by OPD who have moved from having a seventh-scale model when we invested three years ago to being the leading company in wave energy today, with Pelamis the only concept recognized by EPRI, the US Electric Power Research Institute," says Richard Erskine, head of Technology Ventures in Hydro.  OPD is also in active discussion with Scottish Power, which has announced its interest in installing a wave farm in the UK.

Wave power is currently a largely untapped resource but is the most concentrated form of renewable energy. In the UK for example, the total wave resource is equivalent to 2-3 times current electricity demand. Just 5% of this resource could provide a similar generation capacity to that of the nuclear industry.

Other renewable energy sources such as hydro power,  heat exchange systems for buildings and geothermal have not been dealt with in this paper though much information exists.  
The future?

Our energy choices for the future will depend on raising our own awareness of what is possible.  It will also involve citizens asking tough questions of the government – questions about what energy development will get subsidies and tax breaks.  But more importantly it will involve community groups learning from others how a decentralized and self supporting energy system would look like, as well as what type of energy efficiency measures can be taken and if or how they are rewarded.  Do consumers get a cash rebate for purchasing energy efficient light bulbs and appliances?   How can consumers sell domestically generated energy back into the grid?  How can consumers support the development of renewable energy and will citizens get financial help to build with solar PV or wind turbines?  Do building codes employ strict energy efficiency and incorporate solar roofs? 
The Green Paper states that “ the All-Island Grid Study, to be completed in 2007, will assess the network development options to accommodate increased renewable energy on the system.”  
There are many consumer guides on how to purchase renewable energy
   To invest in Green Power find out what your local utility is offering in the Green Power field;  find out if small investors can buy shares in it;  then investigate options for generating electricity at your home or business.  Over the past decade, small-scale renewable energy technologies have not only become more efficient, but also more affordable and accessible. With the spread of net metering, the dream of a vast, decentralized network of Green Power consumer-generators draws closer to reality.   
An  increase in wind, solar, tidal, wave and biomass expansion can bring great local benefits.  Just the ability to be self-sufficient in energy generation and feed this into the grid is a paradigm change from our current reliance on centralized supply and price fixing.  The central government should be giving all the help it can to get the Renewable Energy Revolution really off the ground in Ireland.   And it is up to all of us to get involved.  
� The majority of facts about climate change impacts are taken from:  The Economist.  Sept 9-15, 2006.  The Heat Is On.  A special report on Climate Change.  Also ENDS Report.  Climate Review 2006/2007.  


� http://www.sonyclassics.com/whokilledtheelectriccar/electric.html


� Rainforest Action Network’s website:  www.ran.org/12steps


� http://www.dcmnr.gov.ie/NR/rdonlyres/54C78A1E-4E96-4E28-A77A-3226220DF2FC/26716/EnergyGreenPaper1October2006.pdf


� http://ran.org/what_we_do/12steps/admit_we_have_a_problem/


� all facts taken from:   Solar Generation.  Solar Electricity for over 1 Billion People and 2 Million Jobs by 2020 published by Greenpeace International and the European Photovoltaic Industry Association.  September 2006.   


� A Consumer Guide to Green Power in Canada.  Pollution Probe.  http://www.pollutionprobe.org/whatwedo/greenpower/consumerguide/c2_3.htm


� Global Wind Energy Outlook, 2006 published by Greenpeace International and the Global Wind Energy Council


� see www.windshare.ca


� Primer on the Tecnologies of Renewable Energy.  Pollution Probe.  Sept 2003 available at www.pollutionprobe.org


� Biofuels:  Green energy or grim reaper?  World Conservation Union  Sept 22, 2006


� Primer on the Technologies of Renewable Energy.  Pollution Probe Canad. Sept 2003


� all information provided from google search on Ocean Delivery System Ltd


� http://www.pollutionprobe.org/whatwedo/greenpower/consumerguide/index.htm
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