Understanding Energy and Power by the Numbers
By: Stan Jakuba

Warning: For a practical use of the numbers in this article, read the fine print including the note at the end.
Nobody can escape hearing about energy and power these days but few understand the terms and are familiar with all the units. This narrative tries to bring an order into the chaos. It explains the physical quantities and assigns the appropriate unit for each. And it provides examples of usage.

The U.S. Department of Energy (DOE) describes our energy production and consumption in units such as kWh/y, Btu/y, number-of-houses/day, bbl-of-oil-equivalent/week, quads/year, and similar. If the Department used the SI unit watt in its tables of energy production and consumption per year, everybody could compare values directly, all of them being in watts (W, kW, MW, …). The tabled numbers would not require conversions and would be understood in any language. 
This Governmental inconsistency leads to the media informing us about energy in statements like: “hundreds of watts of solar energy.” Wrong. We at the U. S. Metric Association know that the watt is a unit of power, not energy. In SI, energy has the unit joule (J), and power, being a measure of energy flow, is in joules per second (J/s), which is the same as in watts (J/s = W). 
The brilliant inventor and businessman James Watt (after whom the unit watt was named) recognized three centuries ago that a single unit suffices for any type of energy flow. He did some measurements of actual horses’ power and coined (or adopted, we do not know) the unit “horsepower” defining it as 33,000 ft-lb/min. While successfully implemented with everybody’s steam and other engines, the uniformity was soon corrupted by the additions of boiler horsepower, metric horsepower, tax horsepower, and others. Also, the pre-Watt units lingered. We know that it was not until 1960 that the world committed itself to SI exclusively and thereby to only one unit for power, only one for energy, only one for force, etc. Unfortunately, committed does not mean implemented. Most of the world is still using also non-SI metric units, and the U.S. adds inch-pounds units on top.
To see the variety of units, look at your household appliances – toasters, air-conditioners, heaters, ovens. They are all energy consuming devices, but their power is expressed in different units such as kWh/d, Btu/hr, hp, V·A, and W. Energy producing devices, such as wind mills, solar panels, home generators, and coal and nuclear power plants, are almost universally in watts (kW, MW, GW). Life would be much easier if the unit were just the watt in both cases. Then, thinking of efficiency, you could readily see that if a given amount of heat flow generated by burning coal produces 1/3 of that as electricity flow, that plant has 33 % efficiency. Similarly, the efficiency of your solar panels would be immediately apparent by comparing the wattage of the solar insolation reaching them with the wattage of the AC electricity flowing out.
Now some household examples for illustration:
You may consider buying a wind mill with a rating of 10 kW, and you want to know if that’s enough for your small, all-electric house. Your old utility bills state that the household consumes 40 000 kWh/y. The answer to the question is readily seen when the house usage is converted into watts: Since 1 kWh is the same as 3.6 MJ and since there are 31.5 Ms in a year, your house uses 40 000 x 3.6 / 31.5 = 4600 J/s which is 4.6 kW, less than half the wind-mill’s capacity. 
That “half” sounds great, but not quite that great when we consider that the 10 kW rating is the maximum power the mill is capable of generating when the wind is blowing at the designed-for speed. Of course, it will not blow that way all the time and sometimes not at all. The actual output depends on many factors, but a good guess is that the mill will net 1/5th of the capacity rating. Thus the mill, at 10/5 = 2 kW average output, is, contrary to above, not big enough. A 25 kW rating would do (with means for electricity storage for calm days, of course).
All such calculations are this simple when you know your energy consumption in watts. For example, you may want to know how much area of photovoltaic cells would be needed to provide for the house’s 4.6 kW, and the house is located in a region where the Sun delivers the U.S. year-average insolation of 200 W/m2 at the ground level. Then, 4600/200 = 23 m2.
Again, this is for a 100 % efficient panel. In reality, only about 1/6th of the incoming energy changes into electricity, and so the actual area would need to be six times that, or 138 m2. 
Now let’s look at some cost comparisons. With W and J, they are similarly easy to do. 
How much would it cost to buy and install a PV system for that 4.6 kW house? Reading about solar energy in the news you notice the lowest, installed cost quoted as 7 $/W (a bit less in Arizona, a bit more in New England). Thus the cost is 7 x 4600 = $32,000. 

Here again, that price per watt is for the case of peak output, i.e., perpetual noon sun. With the Sun sleeping at night, and napping behind clouds occasionally, the year-average power will be about 1/6th of the former, and thus the real best cost is six times that, or $192,000.*
Now the cost with energy: Comparisons among electricity, oil, gas and other fuels are again easy if we employ only joules regardless of the “kind” of energy. Say you pay 10 ¢/kWh for electricity generation cost. Converted, that is 10/3.6 = 2.8 ¢/MJ. And you buy natural gas at 80 ¢/100 cubic feet; now 1 ft3 of natural gas contains 1.1 MJ, so the cost is 80/110 = 0.7 ¢/MJ. Comparing the two numbers shows that electricity costs 2.8/0.7 = 4 times more. Energy in fuel-oil priced at $4 per gallon, where 1 gal contains 150 MJ, costs 400/150 = 2.7 ¢/MJ, about the same as electricity except that here it includes the delivery charge. Adding the delivery charge to electricity, typically another 10 ¢/kWh on a residential bill, yields 5.6 ¢/MJ which is twice the oil energy cost.
* Note: This means that the true installed cost is also six times more or 42 $/W. These true-cost numbers, presented here in the fine-print paragraphs, are usually not published in the popular and “green” press, perhaps because they allow unfavorable comparisons with the traditional plants. A nuclear plant, to name another source of clean energy, costs 1.4 $/W and it delivers its rated power 90 % of the time. Thus its true cost is 1.6 $/W, which is 27 (twenty seven) times less than the solar plant. And although it uses fuel, the cost of it is so low that it is comparable to the “free” solar generation considering that nuclear plants last 60 years or more vs. 15 to 20 years for PV plants. Modern society progressed on the basis of ever cheaper energy; any wonder then that progress slowed at about the time we embraced building renewable electricity sources that provide electricity so many times more expensive? 
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For more info about units: http://www.astm.org/SNEWS/SEPTEMBER_2001/jakuba_sept01.html
For more information on renewable energy: http://energy.sigmaxi.org/?p=743 

