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The world has a population of 7 Billion, half of whom live in cities. Cities are machines for living, and like all machines they need energy to operate. The challenge facing the world is supplying that energy to an increasingly demanding population that is largely ignorant of the sheer scale of its appetite and the limited resources of this planet. The production of fossil fuels will certainly stagnate and decline during the current century, and there are few alternatives available. Technology is not a magic wand. It is a box of tools that, in the right hands, can be powerful, but tools only act within the limits set by nature. Science seeks a better understanding of those limits. The following rough ball park examples derived from information taken from the World Wide Web illustrate the restraints that Nature places on our ability to release energy for our use.  
Consider a 1 Gigawatt (1000 megawatt) electrical power station. It can supply the RESIDENTIAL (domestic and local services) electrical demands of a modern city of 1 million people.  To generate this electricity a thermal power station will need to release 2.2 GW of thermal energy (heat). The laws of thermodynamics dictate the energy losses that result when heat is converted into electricity. Steam turbines are a just under 40% efficient.
Fossil Fuels:

 To generate sufficient heat the station will have to burn:

a) 1 unit train load of coal a day.  (depending on the quality of the coal, 9,000 to 10,000 tons of coal)
Or:

b) 6,000 tons (40,000 barrels) of oil a day.

Or:

c) 250 million cu. ft. of natural gas. (4,500 tons) a day. (Combined cycle power stations that burn natural gas in gas turbines whose exhaust creates steam to feed steam turbines can be over 50% efficient)
In short a 1GWe power station will consume between 4 to 10,000 tons of fossil fuel a day.

Nuclear Fission:

The station could have a nuclear reactor. To generate the heat to produce 1 GWe it will consume:
           3 kilogrammes of fissile material a day. 
Uranium or Plutonium will support a nuclear chain reaction that generates heat to create steam and drive conventional turbines.
Only 0.7% of natural uranium is fissile Uranium 235, so simplistically the reactor will need to consume the fissile material in 430 kilogrammes of natural uranium. The story is in fact more complex. Firstly in most nuclear reactors the proportion of uranium 235 in reactor fuel is enriched to between 3 to 5 percent. Three quarters of the non fissile uranium 238 in natural uranium is discarded and maybe sold to manufacture armour piercing rounds. In a reactor some of the remaining Uranium 238 mutates to fissile plutonium and that is then consumed. In addition the nuclear waste from fission also generates heat. In practice somewhere around 50 kg of the fuel will be consumed per day and becomes highly radioactive waste. If this waste is reprocessed, fissile plutonium fuel and unspent depleted uranium 238 can be removed leaving 3 kg of concentrated waste to be disposed of.
Depleted uranium and thorium are fertile and can be converted to fissile nuclear fuel in a breeder reactor. A 1 GWe power station based on a breeding cycle will consume 3 kg of fuel and produce 3 kg of highly radioactive waste per day.  Three kilogrammes of waste is about the size of a baseball.
(Note: a 1 GWe coal burning power station can release to the environment about 5 tons uranium and 12 tons of thorium a year from trace amounts of those radioactive elements in coal)

In short: a 1 GWe nuclear power station consumes of the order of 10 kilogrammes of fissile fuel per day. 
Nuclear Fusion:

By fusing isotopes of hydrogen a fusion reactor could harness the power that heats the Sun and is released in the hydrogen bomb. Alas, a working fusion reactor always seems to be 30 years in the future. A 1 GWe power station that used a fusion reactor as a heat source would consume about 600 grammes per day of the heavy isotope of hydrogen, deuterium. In the reactor a second heavy isotope of hydrogen, tritium, would be produced, and it would also be consumed. Sufficient deuterium could be extracted from 11 tonnes of water. A fusion reactor promises to produce no radioactive waste from its fuel, although parts of the reactor itself would become radioactive during its operational lifespan.
In short, a fusion based power station would consume a fraction of a kilogramme  of fusible light isotopes per day. These isotopes are generally available and their extraction would generate no mining waste.
The Green Alternatives:

A 1 GWe power station would burn 12,500 tons of wood or similar biomass per day. Assuming the forest can deliver 50 tonnes of dry wood per hectare, or 5000 tonnes per squ. km., 2.5 squ. km. of forest would need to be clear cut per day. If the trees took 50 years to grow from planting to harvest, the power station would demand the biomass supplied by 45,000 squ. kilometers of dedicated forest. (the nation of Denmark has an area of 43,000 squ. km. the state of Maryland 32,000 squ. kms, the province of Nova Scotia 55,000 squ. kms)
Averaging out times of calm, 1 GW of electricity would be generated by approximately 2000 wind turbines, which could be dense packed into an area no greater than 500 squ. kilometers.  

1 GW of electricity would be generated on average by 60 squ. kilometers of photovoltaic solar arrays. No gaps, frames or obscuring connecting lines. 

Natural sources of energy are fickle and both wind power and solar power would demand vast hydro pump storage schemes of store excess electricity and to deliver it when the wind is not blowing or the Sun is not shining. Solar power in particular delivers most of its electricity in big surges around noon in the summer. 

Most large hydroelectric generating sites have already been exploited, and large hydroelectric dams inundate very large areas and seriously affect the ecosystems of the rivers they exploit. Like nuclear power stations large hydroelectric dams must be properly maintained to avoid catastrophe. 

Other renewable sources such as wave, tidal, ocean thermal and geothermal power maybe useful in favoured locations but have limited potential outside those locations.  Transmitting energy over thousands of kilometers can consume a tenth or more of the energy being transmitted. 
In short, renewable power sources are dilute, fickle and they will need vast areas dedicated to their large scale use. 
Those are the options Nature offers; there are no others on this small planet. Residential electricity use accounts for about 9% of the total per capita energy use in advanced economies. The large scale use of electrically powered vehicles will simply lead to a greater consumption of electricity. 
The human race lusts to Californicate. Currently the world consumes energy equivalent to the output from 12,000 1 GWe power stations. 77,000 1 GWe power stations would be needed to  supply the energy needs of the world’s current population if we all lived like today’s North Americans. 48,000 power stations would support a global European or Japanese standard of living. That electricity would have to be generated by one of the means listed above.

What our leaders want:

As always the world’s decision makers want to bully and bribe scientists and engineers into creating a big black box. One wave of the high tech wand should do it. The details need not be comprehended by our elected, legal and business school trained, political minds, and can safely be left to technical associates slaving under short-term contracts. Into this box will pour abundant fuels that are available everywhere. Out will pour a torrent of energy, preferably electricity, and any waste will be benign and useful. The box will produce no radiation or politically embarrassing pollution.

Our modern ‘brat’ society expects research to deliver instant, low cost, risk free gratification. Unfortunately, we live in a universe governed by the laws of thermodynamics, which can be simply stated as: You will not win. You are not allowed to breakeven, and you cannot quit the game. 
There is no free lunch; you can only get what you pay for, so surprisingly Nature does not forbid the creation of such a box. It would be a fusion reactor that could meld the isotopes of boron and hydrogen.  That reaction produces no neutrons and creates alpha particles. The reactor would not become radioactive. Alpha particles are simply energetic, ionized helium atoms, and since are charged they can be used to generate electricity magnetohydrodynamically, without conventional turbines. A proton-boron 1 GWe fusion reactor would need about 1 kilogramme of atomic mass 11 boron and protonic hydrogen a day and would discharge a kilogramme of inert, saleable helium. Boron is a minor constituent in the Earth’s crust, but is concentrated in salt deposits around the world, and could be extracted from sea water. Hydrogen can also be extracted from water, but the heavy isotope of hydrogen, deuterium, would have to be removed from the fuel. Side reactions with deuterium would generate neutrons that would make the reactor radioactive.

The snag is that the boron-proton reaction is by far the most difficult practical fusion reaction to ignite and sustain. An aneutronic reactor would be a supreme scientific and technical tour de force. After four decades of research we still have not yet harnessed the easiest, and dirtiest, fusion reaction between deuterium and tritium. As always, although our decision makers embrace the results of research when it suits their agenda, but none want to pay for it, especially if the uncertain pay back is far beyond the next business quarter, peoples’ congress, or election. The fusion black box will most certainly remain just that: a concept buried in obscure wiki pages and marginal scientific journals. 
It is, however, a vision that a science fiction author could portray in order to justify a science based story set in an unlikely, politically competent, energy rich, technically advancing society some time during the next century.  

If all else fails: 
1 GWe could be generated by over 20 million slaves working 6.6 million treadmills in shifts.
Think about it!
