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A - Introduction

The world is facing dramatic developments. Prices of fossil fuels are increasing rapidly. The peak oil scenario’s, reflecting a growing lack of reserves and production capacity against increasing demand, look gloomy. Energy is becoming more and more a political weapon in a world with decreasing political stability. We are simultaneously confronted with severe problems concerning climate and environment. 
Our world wide economy is dominantly controlled by free market powers. Nothing would be wrong with that as long as these free market powers would have a predominantly long-term perspective. This is not the case. Short term financial return, market position, opposition against change and an ethics not primarily geared towards the common good have become the dominant factors in the business domain, thus imprisoning society.

It is an illusion and unwarranted to abandon a free market system. There is in fact no better system to deliver goods and services at low prices. It is therefore necessary to get the dramatic energy situation under control. This can be realized through (i) continued creation of awareness / sense of urgency, (ii) the subsequent enforcement of restrictions, (iii) stimulation of economically and ecologically viable options and (iv) the moulding of new alliances for change. 
It is inevitable to use “The stick and carrot” method, enforced by society and politicians, more frequently as well as more intense, in order to change course from a path to disaster. This needs to be done rapidly, not by an increased complicated regulatory regime, but by political choices and the enforcement of simple rules, which are easy to handle. 
The question however is how and how fast. Suggested main stream solutions are in several aspects at least questionable and advocated by prevailing market forces. Some of them however look very promising and should, taking their status of practical viability into account, be stimulated significantly. Underneath a Quick Scan in random order: 
1. CCS (Carbon Capture and Storage) for power stations and high volume emission plants: not ready to be applied. The technology is not there yet. Safety problems, a consequence of possible leakage from storage, still raise questions. The amounts of energy and money to support the chain from capture to injection are still vague and probably underestimated. It is, on top of all, no sustainable solution, but an artificial extension of the fossil society. Burning coal, oil and gas for energy generating purposes, anticipating CCS to be available is therefore no real solution;
2. Bio fuels for cars: competition between feed stock and bio-mass for energy purposes is evident. There is no way present agricultural lands on this planet can support any real significant reduction of the usage of  fossil fuels. Convincing evidence in a diversity of reports can be found. Ecosystems are being destroyed because of the need for bio-mass for energy. There is however nothing wrong with bio fuels as far as it concerns the use of rest products of agriculture. This niche market is however far smaller than what is currently produced. The second generation can provide a solution, but It is still questionable to what extent and when the second generation bio fuels will be available to provide pretended solutions;
3. Electric propulsion for cars: on the verge of breaking through, emission free and fitting with sustainable generation of electricity. Will be dealt with separately;

4. Nuclear power generation: not sustainable, strong public lobby against it, still problems with storage of radio active materials. New generations of nuclear power stations get to the market. There is from the perspective of CO2  reduction a lot to be said for application of nuclear, the other odds are however still against it. Nuclear should, when these odds can be taken away, get an honest chance. We cannot forecast the result and consequences of that;
5. Hydrogen propulsion for cars: far from being practically applicable on a large scale. Hydrogen is nearly non existent and needs to be produced. Production, transport and distribution require great amounts of energy and safety precautions. The “well to wheel efficiency” for hydrogen will, based on pure physical reasoning, not exceed 25%. For more details please consult website www.efcf.com , section reports and the books “Beyond Oil and Gas: the methanol economy” of Prof Dr George Olah and “The Hype about Hydrogen: Fact and Fiction in the Race to Save the Climate” of Dr Joseph Romm. It is amazing to notice how vested interests and ignorance maintain a hydrogen hype which is well beyond any practical horizon; 
6. Wind power: Becoming a mature solution. Still has practical limitations, that cannot be ignored. Capacity limitations in the industry already result in delivery periods of up to 3 years. A significant amount of sustainable energy should and can in future be derived from wind energy. Complementary solutions are however necessary to compensate for shortcomings a consequence of wind power generation; 
7. Solar Power:
a. PV (Photo Voltaic): becoming mature but still far from being competitive with fossil fuels. The application for stand alone and off grid applications has significant advantages. Is becoming competitive and therefore sees a growing market for that application. Large scale electricity generation through PV is still however questionable from an economic viewpoint;

b. CSP (Concentrating Solar Power): much better fits the application of large scale electricity generation. Can be competitive with fossil fuels by 2020. There are no real limitations to realize such a goal. This subject will be dealt with separately.

8. Power generation through Reverse Electro Dialysis (RED): a promising technology, fitting the Netherlands environment, however still far away from practical large scale application;

9. Power generation through Nuclear Fusion: at a scientific and hypothetical stage. Any practical and large scale application is not to be expected within a period shorter than 40-50 years, a leap of time extending by time proceeding;

10. Power generation from the motion of water:
a. Rivers: different systems are available and used abundantly. There is not much to be gained on that aspect anymore. The negative ecological consequences of that application are widely recognized by now;

b. Tidal and wave energy: a lot to be gained, several systems in test phases. Should get its share of sustainable energy generation. Potential to be evaluated and dependent on off shore conditions;
11. Power generation through Geothermal energy: offers reasonable opportunities, but is strongly dependent on accessibility of thermal heat, a consequence of geological conditions. Shallow geothermic can be used for heat and cold storage and can serve the case of energy neutral construction.  
These are the mainlines of sustainable energy generation and application. There are besides that several areas to be improved upon in the energy domain. Examples are:

1. Straight forward energy savings through better construction of buildings. In the Netherlands an EPC (Energy Performance Coefficient) of 0,8 is now used for new construction. An EPC of Zero, energy generated through and in a building equals the energy consumed, is getting within reach. New materials and concepts facilitate such developments; 
2. Straight forward savings by reduction of vehicle weight. Proceeding, but countered by increased weight and size of vehicles. Increased use of synthetic materials can help;
3. Better utilisation of heat and power through CHP (Combined Heat and Power). Many examples at hand, well within reach for practical application;

4. Direct application of nature based ingredients for application in the chemical industry. Gasification of waste and cellulose based bio-mass generates synthesis gas (“Syngas”). Many chemicals originate from syngas including methanol, which is a base material for the chemical industry, now originating from natural gas (see Prof.Dr George Olah: “Beyond Oil and Gas, the Methanol Economy”). Many other examples are there and should be explored. Great amounts of energy can be saved, a lot of waste can be prevented, several other advantages can be scored.

note: points 1 and 4 refer to the concept of ‘Cradle to Cradle’, as put forward by Braungart and McDonough

B - Practical, viable and available solutions for energy transition for electric power generation and propulsion of vehicles
Electric power generation and transport are jointly responsible for roughly 40% of world wide CO2  - and other gaseous emissions. Fine particle emissions from transport are causing additional serious problems as a consequence of which the environment related problems caused by vehicles are worse than only as a consequence of gaseous emissions. 
In the Netherlands some 18.000 people yearly die, due to fine particle emissions, sooner than they would have without these emissions, numerous building sites in the Netherlands are abandoned due to an inability to meet fine particle emission standards from the EU and new development projects cannot be started because of the same reasons.
The other 60% created by the chemical and agricultural industry, heating of real estate, etc. will decrease as well, as long they take their share in increasing the energy efficiency. 
Supply of energy to the referred two segments of our energy society is of key importance for the functioning of our society. From here on this summary will concentrate on these two segments. Major, in the perception of many probably draconic interventions are necessary soon to prevent disaster. The question is: what needs to be done, what is practical, how can it be done, how can the best effect be realized at short notice. 

Decreasing availability of oil and gas and rising prices are perceived and promoted reasons to shift to coal fired power stations. Emission of CO2 and lack of availability of CCS are reason to reconsider such a step seriously. Ceteris paribus the same applies to nuclear. The availability and economic viability of sustainable alternatives adds significant weight to these objections. 
Several sustainable solutions by themselves however are inadequate to comply with growing demand and necessary replacement of power stations. The phenomenon of ‘externalisation of costs’ is significantly underestimated (costs originating from a source, but not carried by that source, but by the society). Emancipation of this phenomenon will add significant weight to the case for –the expediency and viability of- sustainable solutions.
The transport sector is betting heavily on bio-fuels, CNG/LNG and hydrogen. The problems with bio-fuels and hydrogen have been referred to in the Quick Scan in the introduction. The growing dependence on gas, supplied by politically unstable regimes, is increasing. The CNG/LNG route for transport applications is therefore highly questionable and above that, not a sustainable solution.  

The ICE (Internal Combustion Engine) is the prevailing propulsion system for cars. The whole car supply industry is based on that paradigm, notwithstanding the fact that the ICE is an inherent inefficient and polluting device. All major actions in the automotive industry are aimed at the conservation of an inherent inefficient system. Prevailing market forces oppose change. The hybrid concept in most of the cases is just an add on to the ICE, although revolutionary change is possible and much better serves the purpose.  
The key question is:” What is an expedient course and how can fitting action be taken”. The answer is:” (i)  the solutions are at hand, (ii) can be implemented when the right decisions are taken and (iii) the implementation is strongly stimulated”. 
	Solar energy in combination with  the all electric vehicle is the answer.


There is, with all due respect for other solutions, as summarized in the introduction, a lot to be gained at reasonable short notice, through focussing on these two main items. Dramatic change should be possible to start by 2012 and become really effective by 2020 and not by 2050. A more revolutionary than evolutionary trajectory, as advocated by vested parties, is expedient, as well as possible. Along all relevant axis of sustainability: economical, ecological, social.
C - The electric vehicle

Electric vehicles are on the verge of breaking through. This is a consequence of:

1. Improved on board energy storage systems: Batteries and Super Capacitors (Supercaps)
2. Improved power electronics

3. Improvements in the combination of electrics, electronics and software

Specifically the so called Direct Drive In-Wheel (DDIW) configuration is very promising and ready to enter the market. Electric vehicles will in due time become more maintenance friendly as well as cheaper than the present generation of vehicles. Reduced pricing is on the one side a consequence of basically a simpler and straightforward system on the other side industrialisation and anticipated economy of quantities. 

Treating the battery of a vehicle as a system to be financed separately can already provide relief on the cost price of an EV. Savings on energy costs can off set lease costs for a battery.
The only moving parts left in the drive train of DDIW driven vehicles are the wheels. Electric motors in the wheels include integrated electronics and software for most of the driving control functions. A master controller synchronizes separate wheel functions. 
Key points of the anticipated success of electric drive systems are: 

1. Regenerative braking. Braking energy is fed back into the on board energy storage system. Emission of fine dust from brakes will drastically be reduced or be absent;

2. Comparable or better performance and a wider range of driving options in comparison with an ICE propelled vehicle;
3. Very flexible in a wide range of applications. This specifically applies to the DDIW configuration;

4. No gaseous, nor particle emissions from vehicles anymore, especially beneficial in urban settings where emissions, including fine particle emissions, pose the largest health threat; 

5. Much more energy efficient. Driving 1800 km/month for a conventional vehicle requires in the range of € 250/month fuel costs. A similar electric vehicle will, charged through electricity, require in the range of 10% of that amount for a similar distance. This is partly caused by fiscal reasons, partly by a much better energy efficiency than through using the ICE, which is notoriously inherently inefficient. 
There are by now several examples of Hybrid and EV vehicles starting to enter the market.  Its market introduction should be strongly stimulated.

D - Solar energy
The sun provides a continuous enormous amount of energy to the earth’s surface, a great multiple of energy actually used by the society. Concentrating solar energy is nearly as old as mankind. Embedding its practical application in nowadays technology is called Concentrating Solar Power (CSP): mirrors used to concentrate solar energy and transferring that energy into a conventional power station, generating electric power. 
CSP is therefore in fact nothing else than a conventional power station in which the burners of fossil fuels are replaced by a mirror field collecting sun energy. The concept is practically proven and is awaiting further multiplication and industrialisation. 

The higher the inward radiation, the more energy. The Sahara region has one of the highest levels of inward radiation of the world and is therefore very suitable for CSP application. 

Photo Voltaic (PV) is based on the effect of light on semiconductors. Doped and layered semiconductors generate a voltage difference between layers when exposed to daylight. The amount of energy is a derivative of the amount of light, not of heat. Too much heat because of inward radiation has negative effects on life time and output of PV. 

CSP is for economic reasons much better fit for large scale application, specifically in the Sahara region than PV. PV can support off grid local applications and can score on compe-titive positioning based on the lack of necessity to connect to the grid. 

Some facts about CSP:

1. An area smaller than the Netherlands in the Sahara can supply the whole of Europe with electric energy;

2. CSP can before 2020 compete with power generation through fossil fuels when the EU would allocate less than 0,05% of BNP to the industrialisation and implementation of CSP. That competitive positioning includes HVDC (High Voltage Direct Current) transport costs from the Sahara region into Central- and North West Europe. This technology has made great strides over the last years. ABB is the front runner in that technology;

3. Present operating CSP power stations prove the viability of the concept. Several more stations are in planning- and preparatory phases

E - The combination and synergy of Solar Power and Electric Vehicles

Some facts:
1. Europe has in the range of 500 GW electric generating power installed;
2. Europe has around 180 million vehicles running;
3. Running a medium size car at a speed of 100 km/hr requires in the range of 10-15 kW power;
4. Present electric cars have battery packages on board with an energy content of 20-25 kWhr, which is, because of regenerative braking good enough for city traffic, but inadequate for long distance driving. Growth to 40-50 kWhr can be anticipated for the foreseeable future. That amount of energy should be adequate to serve better than 90% of all driving conditions. Electric charging of vehicles then becomes the dominant way to replenish energy of cars. A small on board  generator set can still be an option for long distance driving. Small, light and highly efficient systems are in preparation to at reach transferring fuel energy into electric energy.
Electric cars can be charged from the grid during night hours. The grid is during night hours lightly loaded. There is enough capacity available to charge many vehicles during night time.

PV cells on the roof of cars can complement recharging of the on board energy system. The output of PV cells is however not adequate to rely on only when powering vehicles. The powering of experimental sun energy propelled cars cannot be compared with commercial vehicles.

An example: Imagine 20% of all European cars to be electric. This represents 36 million cars. Imagine these cars need to receive 15 KWhr during predominantly night hours. This represents 540 GWhr per night. Assuming this charging to take 6 hrs requires 90 GW installed power to take care of charging the referred amount of vehicles. That amount is readily available. 

This vehicle charging generates an additional income of  € 108 million/night (assuming a rate of  € 0,20/Kwhr) for electricity companies, a total of  € 39,4 billion/year with consequential improvements on ROI of invested capital and profitability and dramatic savings on gaseous emissions as well as fine dust particles. 

Such additional income should at least partially be used to install real sustainable generating power to support additional growth of electricity consumption. This needs to be synchronized with adaptation of the infrastructure to include the energy supply services, a consequence of accelerated market penetration of electric vehicles.

Allocating 25% of additional income of electricity companies, a consequence of charging 20% of cars, to CSP investments represents an allocation of € 9,9 billion/yr for investments in CSP. Such a yearly allocation suffices to make CSP competitive with fossil fuels within a period of 10 years. 

The accumulated amount of € 99 billion over 10 years will be halved, still € 49,5 billion, when we assume electric vehicles to gradually grow in market share to 20% over the referred period of 10 years. This is enough to install 20 GW of CSP power in 2020, which is again enough to make it by then a technology well competitive with fossil fuels. 

This example shows a healthy business case for the electricity companies. But more is to be gained when taking the onboard energy capacity of cars as a buffer when needed by the grid.

Cars only drive a small portion of the time. They are mostly sitting idle. Electric cars have electric power on board, which can be used as an off grid power source. 20% of cars being electric represents an off grid power capacity of 500-700 GW, which is more than the total electric generating power installed all over Europe presently. The electric car can therefore become a serious power buffer in a dynamic electricity driven society.

Electric cars are no power source, they consume power and have their energy storage system on board. This system needs to be recharged. CSP is the ideal sustainable solution to do so. CSP is strongly dependent on bright sunlight with high inward radiation. The Sahara region fits that requirement. There is no power produced during night hours. Buffering of power is therefore necessary.

This buffering can be done through local provisions, enabling the CSP stations to store their energy for night time generation purposes. Such systems are now emerging from research. Dependence on the buffering function of vehicle energy storage systems is however another possibility.

When the vehicle buffering function is being considered the following shift in positioning can be noticed:

1. Electric vehicles will to start with be charged during night hours. The ROI of electricity companies goes up and part of the additional income should be used to fund CSP investments. Using the off grid power source function of electric vehicles for peak load support during day time is a matter of supplier choice and should be made attractive by electricity companies. This can result in significant reduction of electric generating power to be installed;

2. When Wind and CSP power start to enter the grid at significant levels, the grid dynamics will change. Charging electric vehicles during day time may then become more attractive. The buffer function of electric vehicles may then shift from potential day time peak support to a more evenly spread support role during the course of the full 24 hours. Again: such a dynamic system should be stimulated by electricity companies. Eurelectric, the association of European electricity companies, is cur-rently already researching this, a fact underlining a growing consensus amongst its member utilities concerning a possible massive introduction and integration of the EV.
F – Political and strategic considerations, the long and the short term future

We are in this summary referring to medium and long term sustainability with however planning horizons a lot shorter than 2050.  More precisely, this means starting in 2012 with significant impact in major dimensions of sustainability starting 2020. Europe however needs to thrive, or at least survive from an energy perspective during that period as well.

The Sahara region is of crucial importance for Europe for the application of CSP. This is simultaneously a region with oil and gas reserves exceeding these of total Europe, excluding Russia.

Political interest for North Africa is increasing. France is leading that development with its proposal for the Mediterranean Union. This political movement should be embraced by the whole of Europe. It will create greater political and economic stability in a region in many aspects very important for Europe.

In such a stable and cooperative environment it should be possible to negotiate and realize a situation in which North Africa becomes the key alternative fossil fuel supply region for Europe in the short and medium term. Increased supply at short and medium term from that region is economically justified in exchange for accelerated joint CSP development in the same region for the medium and long term. Such a strategy has been described in the attached summary and is considered to be a key factor for success.    
G – The hurdles to be taken, problems to be faced, the influence of vested interests in a free market

In the introduction there was already a reference to shortcomings of the free market, imprisoning the society. The following dominant market forces with well identifiable interests, with overriding influence in the energy domain, can be recognized:

1. The agricultural industry: years of over production of agricultural products and low prices are recent history. Bio fuels changed the agricultural scene and prices for agricultural products are higher than ever. The agricultural industry therefore fosters bio fuel developments, notwithstanding its inherent impossibility to make the energy scene really significantly more sustainable (see comment before);
2. The oil industry: fighting its tail off to continue to supply the world with oil and gas, which becomes more and more problematic. Shell, promoting sustainable energy, only spends in the range of 1% of their net results/year after taxes on renewable investments, 80% on investments aiming at the continuation of the fossil society. The oil industry supports the agricultural industry in its bio fuels lobby, because they know bio fuels, as a consequence of its inherent volume restrictions, to never be able to become a real threat for the fossil fuels market position; 
3. The chemical industry: addicted to the utilisation of fossil base materials, although other solutions are at hand. An alliance between the oil and chemical industry should therefore be clear;
4. The automotive industry: imprisoned by their design paradigms, based on the ICE concept in mainly steel cars. The invested capital and the threat of new entrants through other systems drives them to oppose change and cling to the existing configuration/paradigms. These entrants are mainly electric cars with increasingly non steel / synthetic based bodies  An alliance with the oil industry and the agricultural industry fits their purposes and is visible for those willing to see; 
5. The electricity industry: serving society in their own way: supply society with electric power at the lowest price and at the best short term economic return. Again caught within their own paradigms of burning oil, gas and coal, if possible and at their convenience mixed with bio-mass and the operation of nuclear power stations;
6. The transport business: imprisoned by the automotive and the oil industry;
7. Politicians and civil servants: they are seldom experts in energy and industry. They follow the market, which is predominantly controlled by vested parties imprisoning the society in the protection of their vested interests. Independent scientists often are strongly influenced as well through the influence of the same vested parties. The consequences are clear, the circle is closed.

Condemning industry, politicians, civil servants and the free market system is not what is implied here. Rather a cure is sought for its self destructive aspects, thus enabling it to continue doing what it’s good at: delivering goods and services at low prices. The only way to change is through (i) pressure from that same society, (ii) the moulding of new alliances and regulations, forcing as well as tempting society and industry to change.
H - How to proceed

The above is based on a quick scan, testing of market developments and definition of a pos-sible practical approach to accelerate developments towards a society sustainable along all axis, as described before. This can be done at a much faster pace than can be expected based on present policies and approaches. The vision described needs to be further elabora-ted and tested to become practical and needs to acquire strong support to become reality. 

In following that route the short and medium term fossil energy availability can, besides  climate-, environment- and other objectives, be served as well.  

This requires however support from many domains to become practically viable. We are looking for strong partners to further quantify and develop the described route and are happy to support the suggested developments.

The prevailing forces able to accelerate and benefit from the suggested new developments along the path as indicated should forge alliances with newcomers:

1. Prevailing market forces:
a. Electricity industry. Promoting the introduction of electric vehicles will strongly serve the objectives of this business sector. To combine that with CSP introduction opens new routes for them to serve society, as well as their own interest. This however requires a paradigm shift. This is a difficult step , because they enter business segments, market positions and fields of technology that are new for them;

b. Transport business. The transport business should start to free itself from the imprisonment of the automotive and oil industry. They can do so by enforcing pressure to shift to electric vehicles, which not only can serve the environment, but will generate significant savings for them as well and will please their customers. Some of the transport companies, specifically in the sector Express Deliveries and Public Transport show the tendency already to shift in that direction; 
c. Food processing- and supply industry. This industry is squeezed on the one side by suppliers forcing them to accept higher prices, on the other side by a market, accustomed to low prices, now faced with significantly higher prices they decreasingly can, or already cannot afford (see e.g. the positioning of Unilever in NRC of October 23, “Groene brandstof ten koste van oerwoud”, “Green fuels at the expense of tropical forests”). Support from  that branch of industry should therefore be created to get energy transition on a track where it belongs and which is in line with their prime interests.  
2. New comers:

a. In the automotive industry: the information society opens possibilities to forge new alliances and deal with new developments. The Open Source Green Vehicle (OSGV, www.osgv.org ) project is an example of that. Such new developments need to be fostered and stimulated to break the walls of vested interests;
b. In the CSP business: the CSP business is still weak and is fighting against vested interests. Another way is seeking the cooperation of existing strong parties in the construction of conventional power stations, because again: a CSP power station is nothing else than a conventional power station in which fossil fuel burners have been replaced by mirror fields. Such understanding needs to be created, stimulated, implemented and should result in action.  
We are interested to receive further reactions and appreciate to discuss the subject in more detail.

HeeCon Business Development BV
Ir Jan C.G. Heetebrij
Tel. +31 (0)343 755 054, Mobile +31 (0)653 253 913
e-mail jan.heetebrij@xs4all.nl
PAGE  
1

