
We can’t brew coffee in  
December using energy  

collected in June. 
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Wide-scale adoption of nuclear power will involve more 
than just a kilowatt-for-kilowatt replacement of fossil-
fuel power generation. Our current grid, as well as our 
understanding of the electricity market itself, must evolve 
to accommodate the influx of carbon-free electricity and  
to guarantee a reliable, resilient power supply. 

In the third installment of our eBook series on nuclear 
power, we take a look at the difference between energy 
and power, the economics of power delivery, and the 
effects of renewable integration on the future grid. 
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At the heart of North America’s quest for a carbon-
neutral energy system is the electrical grid. All of the 
best zero-carbon sources of electricity (and almost 
all of the worst ones) live on the grid, and nearly all 
the energy we need for current purposes — lighting, 
cooling, charging cell phones, running this website — 
travels over the grid.

The energy we will need for electric cars, space heating 
and industrial consumption will mostly travel over 
the grid too, so the system we have today will have 
to more than double in generation over the next 
three decades. (In comparison, over the last three 
decades, generation was up only about 20 percent.)

But it’s complicated. The grid has more than 7,000 
power plants pumping in energy and 55,000 
substations sucking it out to push electricity through 
a distribution system that that serves over 150 million 
buildings and other users. The power stations are 
owned by more than 3,000 companies, and the grid 
itself has more than 600 owners. Planning is limited.

Worse, the grid is poorly understood by lawmakers 
and the public. One key point of confusion is the 
grid’s need fors adequate supply of both power and 
energy. Those terms are often used interchangeably, 

but they are two different aspects of electricity. As we 
decarbonize, accounting for the difference is imperative 
to keeping the lights on — and the computers, and the 
air conditioners, and everything else.

There is good news: some hardware for renewables, 
mostly wind and solar, is falling in price. But there’s a 
catch: these are reasonably good at meeting our need 
for energy, but not so helpful with our need for power. 

Energy vs. Power 
Energy, measured in kilowatt-hours, is a cumulative 
quantity, like miles traveled or gallons of water 
pumped. Power is an instantaneous measure, like 
miles per hour. It can also be thought of as the 
strength necessary to do work. 

Here’s an example of why it matters: you unplug your 
house from the grid and run it on rooftop solar panels. 
The biggest energy user is a medium-sized window air 
conditioner, providing 8,000 British thermal units (Btu) 
of cooling and requiring about 700 watts. 

Energy consumption will depend on the weather, and 
the machine will cycle on and off over the course of 
the day. But assume that it runs six hours out of 24, 
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so it consumes about kilowatt-hours (kWh). If the air 
conditioning season runs five months of the year, then 
its energy requirement is 630 kWh a year. 

Suppose we put 700 watts of solar panels on the 
roof —  roughly the power requirement of the air 
conditioner. Over the course of the year, counting 
cloudy days and night-time, the 700 watts of solar 
panels would make around 980 kWh. So the panels 
would produce about 50 percent more energy than 
the air conditioner consumes. Good news?

Not quite. A 700-watt system only produces 700 watts 
of power at noon, when the sun is directly overhead. 
When the sun is low, at 9 AM, or, more importantly, at 
5 PM when the temperature reaches a peak, the solar 
system is producing a lot less. 

So the system has enough energy, but not enough 
power. 

If the house is tied to the grid, it isn’t a problem 
because the local utility will take the energy when the 
house doesn’t need it, and use it somewhere else, 
and on hot afternoons, or in the dark, it will supply the 
house, most likely by burning extra natural gas. But 
this isn’t the path to a zero-carbon economy. If every 
house on the block tries the same thing, it won’t work.

Wind turbines have a similar problem: they can produce 
a lot of energy, and will run more hours of the year 
than solar panels, but their production pattern doesn’t 
match power needs. On hot summer days, there isn’t 
much wind. On windy nights, there isn’t much demand. 

The mismatch in time between production peak and 
demand peak creates another problem: often the grid 
is flooded with energy for which there is not much use. 
More than half the grid is organized into markets with 
computer-managed auctions run every few minutes 
to determine prices. The result is very low wholesale 
prices, or even negative prices at many hours and 
astronomical prices at others. 

Price can even go below zero, because some 
generators, notably nuclear and coal, cannot shut 
down for the brief periods of electricity surplus. In 
that case, grid operators will pay neighbors to take 
the electricity off their hands.

Capacity Factor 
and Capacity
Except in outer space, solar panels can’t produce 
all the time, and thus their power ratings are 
more impressive than their energy output. The 
difference is measured by a metric called a 
capacity factor, which compares actual output 
to the output that would have resulted if the 
generator had run 24/7/365. Outside of desert 
environments, solar panels have a capacity factor 
in the range of 16 percent. New wind turbines 
are built on very tall towers, and optimized to 
start up even in low wind conditions, so they 
can produce with a capacity factor of 40 percent, 
or sometimes higher. Offshore turbines can be 
higher than that, and their production curve is 
more regular and includes high generation at 
sunset, a period of high demand. 

Current-generation nuclear plants have a 
capacity factor of about 93 percent, on average, 
and some new designs can be refueled while 
they are running, so their capacity factors may 
be a bit higher. So a nuclear plant and a solar 
farm may have equal power ratings of, say, 300 
megawatts, but the reactor, which runs more 
hours and thus has a higher capacity factor, 
may make five or six times as much energy. 
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The Economics of Energy
The auction system has another problem: in most 
cases, it treats electricity as a commodity, without 
reference to its environmental footprint. Some states 
seek to ascribe extra value to carbon-free energy, 
but the system is a patchwork across the country. 
The market system also assigns value to the ability to 
produce electricity, even if it is not being produced, 
called “capacity payments.” These are meant to assure 
that electricity is available when needed. The effect 
is to sustain the economics of fossil-fired plants that 
are not efficient but may only be used a few hundred 
hours a year. 

A related point, and subject of confusion, is how to 
measure the value of a plant’s output. The traditional 
measure is called “levelized cost of energy” (LCOE), 
derived by calculating the cost to make the mortgage 
payments on a plant, the cost to run it, and how many 
kilowatt-hours it will make. Then, a per-kilowatt-hour 
price can be calculated. 

By that measure, solar and wind have become 
very reasonable. However, LCOE, developed to 
compare costs of electricity among fossil gas, coal, 

hydroelectricity and baseload nuclear, has a built-
in assumption, that when electricity wasn’t needed, 
the plant would trim its output, saving the cost of 
operation. Solar and wind don’t do that; their cost 
of operation is near zero, and they earn tax benefits 
or regulatory benefits for operation, so they run 
whenever they can. Thus they sometimes create 
surpluses, which renders their production worthless  
in a market sense. 

Such surpluses will grow as the system strives to 
reduce carbon emissions; we will build enough solar, 
for example, to meet a substantial fraction of demand 
on short December days, which will create a surplus 
when the sun is up for 14 or 15 hours in June. 

Wasting solar energy in June is necessary and 
appropriate, but it must be recognized as a cost. 

But the other lesson is that the system won’t work on 
wind and solar alone, and that introducing sources 
with a higher LCOE will, in fact, make total costs lower. 
One trick in reaching a zero-carbon system will be 
finding uses for the surplus energy, and thus making 
maximum use of wind, solar and nuclear, all of which 
are capital intensive, and should be put to work as 

The grid needs an adequate 
supply of both power and energy… 
accounting for the difference is key 
to keeping the lights on.
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many hours of the year as possible. Making hydrogen, 
making drinking water from brackish or brine sources, 
and making ammonia and other chemicals are all 
possibilities. 

Charging up short-term batteries is also an important 
use, although the economics of batteries do not work 
for seasonal storage, or even multi-day storage at 
present. Batteries may take over some markets; for 
example, they are very good at switching from charge 
to discharge promptly, better than the mechanical 
systems that have traditionally been used, and this is 
a valuable service that helps power systems maintain 
the strict rhythm of a 60-cycle alternating current. But 
they will not brew coffee on a December morning with 
energy saved from sunshine in June. 

There are other considerations in building a grid 
that is reliable and economic. One is that generators 
should be spaced out around the system; grids that 
have all the generation in one location and all the 
load in another have stability problems. Another 
is maintaining voltage, which is critical to efficient 
power flows. Voltage is a metric of electricity that is 
sometimes compared to pressure in a water system. 
Voltage management is more complicated in a 
system with a lot of variable renewable generation. 

A third consideration is land use, for wind and solar 
“farms” and for transmission lines. Even relatively small 
renewable projects attract strong local opposition. 

All these factors argue for a mix of zero-carbon sources, 
including nuclear and possibly fossil fuels with carbon 
capture, if the regulatory issues can be worked out. 

Planning for a decarbonized economy should take into 
account that expansion should be rapid, cost analyses 
will have to become more sophisticated to take 
account of widely varying value of electricity by hour 
and by season, and reliability will drive many decisions. 

Batteries may take 
over some markets … 
But they will not brew 
coffee on a December 
morning with energy 
saved from sunshine 
in June.



Future eBooks in this series will explore how 
the elements of a carbon-free energy system, 
including wind, solar and nuclear, can come 
together to solve our climate problems in  
North America and demonstrate a path  
forward for the rest of the world. 
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