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Watt ?
What is the difference between a watt 
or kilowatt (kW) and a kilowatt hour 
(kWh) and how does it relate to solar 

panels and living off-grid?  
Are you interested in understanding 
how much electricity you use, how 
much renewable energy you need to 
offset it, and also how this translates 

into going “off-grid?”  
Read on.
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A “watt” is “a unit of power equal to the
work done at the rate of one joule per second.” 

A “watt” is “a unit of power equal 
to the work done at the rate of one 
joule per second.” Take a close 
look at the nearest light bulb. 
There will be a number printed on 
it, which is the rating of the light 
bulb in “watts.” Common light 
bulbs range from 100 watts per 
bulb down to as little as 6 watts. 
That rating stands for the amount 
of power that the light bulb will 

“consume” over 1 second. So when 
you turn on that 100 watt (W) bulb 
light switch and if you had an easy 
way to count it, your count would 
go from 0 to 100 watts instantly. 
If you turned on 10, 100 watt light 
bulbs, your counter would jump 
to 1,000 watts or 1 kilowatt (kW). 
Remember, this rating of 1 kW is 
instantaneous, or only 1 second.

Watts (W) &
Kilowatts (kW)
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The difference is time...

When it comes to electricity 
and units of measurement, most 
people are more familiar with 
this statement, “my electric bill 
was $300 last month…OMG!” If 
you look closely at your electric 
bill, you’ll notice that the charged 
dollar amount is preceded by 
another number with the unit of 
measurement “kWh”. A kWh is 
very similar to the kW that we 
discussed above, the difference is 
time. In the above example, the 
unit of time was 1 second. On your 

electric bill, the unit of time is 60 
minutes or 1 hour. So to continue 
the scenario above; you switched 
on the 10, 100 watt light bulbs 
and then left the room for an hour 
before coming back (I hope you 
don’t do this!), your 1,000 watts 
or 1 kW of light bulbs would have 
just consumed 1 kWh of electricity. 
Get it? 1 kW of power utilized for 
1 hour gives you this equation: 1 
kW x 1 h = 1 kWh. Ok, time to 
move on…

Kilowatt Hour (kWh)
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The most important function of solar panels  
is to offset the kWh we purchase from the utility.

Solar panels, or “solar photovoltaic 
(PV) modules” to be technically 
correct, come with ratings just 
like light bulbs. As of 2012, the 
rating of a commercially available 
residential solar panel is around 
240 watts. Where does that 
rating come from you might ask? 
Manufacturers of solar panels put 
their products in a special piece of 
equipment that simulates perfect or 
peak sun conditions (1000 w/m²), 
and the output of the panel when 
it’s in that machine is the rating on 
the “name plate”, usually 240 watts 
or so. If we had 10 solar panels on 
a roof, the cumulative name plate 
rating would be 2,400 watts or 2.4 
kW. It’s important for us to know 
the name plate rating, but that’s 
only part of the equation.

The most important function of 
solar panels is to offset the kWh 
we purchase from the utility. To 
determine the amount of kWh our 

solar PV system will generate, we 
next need to determine how many 
peak sun hours (PSH) our solar 
PV system will be exposed to. For 
most locations, this information 
is readily available through the 
National Renewable Energy 
Laboratory’s (NREL) PV Watts 
calculator. NREL developed daily 
averages of sunlight in units of 
peak sun hours for cities around 
the world; these averages include 
conditions of full sun, cloudy 
weather, low light morning and 
evenings, winter, summer and 
everything in between. In Austin, 
TX we will receive an average 
of 5.35 PSH a day. In Arizona 
the average is 6.5 PSH and in 
upstate NY the average is around 
4 PSH. What’s interesting to note 
is that Germany, the country with 
the largest amount of solar PV 
installed, receives an average 
amount of sunlight that’s lower 
than New York State.

Solar Panels
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Solar Panels (cont.)

So the rough equation looks like 
this: kW x PSH = kWh.

7KH�ÀQDO�HTXDWLRQ�WR�SUHFLVHO\�
calculate how many kWh our 2.4 
kW solar PV system will produce 
requires more details such as: 
what orientation or azimuth do 
the solar panels face (preferably 
South), what tilt angle or pitch, and 
system derating factors such as: 
shading issues, transmission losses, 
impact from soiling and conversion 

HIÀFLHQFLHV��7KH�VLPSOHVW�PHWKRG�
for obtaining accurate predictions 
is to go to the NREL PV Watts 
calculator and enter in your system 
and installation information and 
the calculator will give you a good 
estimate for a year’s production. 
With this kWh number, you can 
determine how much of your 
overall electric bill from the utility 
you will off set with solar.

For folks who are thinking about 
going solar and going off-grid, 
the scenario gets a little more 
complicated and more factors 
need to be addressed. Our solar 
panels as we looked at before are 
going to produce kWh, which is 
what we need to offset on a daily, 
monthly and annual basis. When 

considering going off grid, we 
also need to look at the number of 
watts or kilowatts that we will be 
consuming at any given instant. 
Remember, this would be the 
cumulative total of 100 watt light 
bulbs we have turned on during 
any 1 second interval.

Going Off Grid ?
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Most of us have no idea what this  
peak kW demand number is...

$�PRUH�VSHFLÀF�H[DPSOH�LV�D�-XO\�
afternoon in Texas, when the 
adults and children of a household 
all come home around the same 
time. The air conditioning is 
turned on to cool the house back 
down to a comfortable level. The 
washer, dryer and electric stove 
might be turned on as well as the 
television, coffee maker, toaster, 
hot water heater and so on. I hope 
you are getting the point, it is this 
situation that takes our electricity 
consumption on a one second 
interval to its highest point, or 
what will call peak kW demand. 
Every appliance has a name plate 
rating for how many watts of 
power it will draw when turned on, 
so if you add up all the appliances 
that might be on at the same time 
you will determine your peak kW 
demand potential.

Most of us have no idea what 
this peak kW demand number 
is because we are not charged 
or billed any differently by the 
utility if it is really high or low, 
nor do we have easy access to 
the information. Commercial and 
industrial utility accounts are 
charged according to this peak kW 
demand due to the large machinery 
and motors that are being used, 
so these organizations are more 
sensitive to minimizing their peak 
kW demand because it lowers their 
bill. If you are going to disconnect 
from the utility and be off grid, it is 
imperative to understand the peak 
kW demand or your system will 
not operate correctly or you might 
spend more money than you  
need to.

 

Peak kW Demand
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Peak kW Demand (cont.)

As mentioned before, one way to 
determine your peak kW demand 
is to list all the electric appliances 
in the home and tally up the name 
plate rating in watts of each item. 
Often times we will multiply this 
ÀQDO�WDOO\�E\�����DQG�WKDW�ZLOO�
give us a realistic idea of a worst 
case scenario for peak kW demand. 
Again the equation looks like this: 
sum of all electric appliances (in 
ZDWWV��[�����¸������� �SHDN�N:�
demand. Another more accurate 
way to accomplish this is to 
purchase or borrow a “clamp on” 
digital multimeter and measure the 

number of amps you are drawing 
from the electric utility after you 
have turned on all your electric 
appliances. Multiply the number 
of amps by 240 (volts) and divide 
by 1,000, you will have your total 
kW demand. A 1,500 sq/ft home 
in the US, that is not constructed 
IRU�HQHUJ\�HIÀFLHQF\��ZLOO�KDYH�
a peak kW demand of around 20 
kW, but again, that all depends 
on what is happening inside the 
building. A similar sized home 
built with conservation of energy 
as a priority, might have a 10kW 
peak demand.
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Adding battery based inverters to
increase capacity also greatly increases cost...

The component in an off grid 
system that is responsible for 
meeting the peak kW demand is 
the battery based inverter. Battery 
based inverters come with name 
plate ratings that determine the 
maximum peak kW demand 
capacity that it can supply. 
Most battery based inverters are 
somewhere between 1 and 6 kW 
of peak kW demand. If we are 
trying to take a home that has a 
peak demand of 15 kW off grid, 

we either need to reduce the peak 
demand by upgrading to smaller 
RU�PRUH�HIÀFLHQW�DSSOLDQFHV��
removing them altogether or using 
parallel multiple battery based 
inverters to increase our peak kW 
demand capacity. Adding battery 
based inverters to increase capacity 
also greatly increases cost, so 
looking at reducing peak kW 
demand before increasing capacity 
is generally a good process.

Reduce  
Peak kW Demand
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Surge Demand
Another point that is important to 
understand is surge kW demand. 
Surge demand is the draw of power 
that is required to start a motor, 
usually 2-3 times greater than the 
name plate rating. This surge of 
power usually only lasts for half a 
second or less and then the motor 
operates at its continuous name 
plate rating for watts. Trouble 

can occur if multiple motors are 
started at the same time and the 
cumulative surge draw exceeds 
our battery based inverter’s surge 
capacity rating. If you have power 
tools or a large HVAC system, get 
to know the surge start ratings of 
the appliances and your battery 
based inverter.
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In our off grid system, the battery 
based inverter supplies the peak 
kW demand that in a normal 
grid tied mode is supplied by 
the electric utility. The next 
consideration in off grid power 
design is power storage and backup 
power supply. Batteries of varying 
makes and models are the most 
common form of energy storage 
in an off grid power system. The 
batteries we will use typically 
come in sizes described in volts 
and amp-hours. Typical battery 
voltages are between 2 and 12 
volts (V) and capacity that range 
from 60 amp-hours (Ah) to as high 
as 700. These new metrics of volts 
and amp-hours (Ah) may seem 
confusing, but there is an easy way 
to put them into perspective.

Multiply the name plate rating 
of volts times the 20 or 24 hour 
discharge rate in amp-hours. So 
if we had a battery with a name 
plate rating of 6 volts and a 20 
hour discharge rate of 350 Ah, 
multiply 6 × 350 = 2100 watt/
hours or 2.1 kWh. At this point, 
kWh should look very familiar, and 
remember, this is what you see on 
your electric bill from the utility. A 
typical battery bank for an off-grid 
KRXVH�ZRXOG�EH����YROWV�DQG������
Ah, or a total kWh storage capacity 
of 96 kWh.

Let’s use an analogy to make this 
even more clear. Imagine your 
battery bank, or group of batteries, 
was a bathtub and the electricity 
that is stored in the batteries is 
water. As you use your appliances 

Power Storage  
and Backup  
Power Supply
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in the home the tub will begin to 
drain, and if you have no source to 
UHÀOO�WKH�ZDWHU��WKH�ZDWHU�ZLOO�GUDLQ�
away completely and the system 
will shutdown. Now if you have 
solar panels, they are a source of 
new electricity (or water in our 
H[DPSOH��WKDW�UH�ÀOOV�WKH�EDWKWXE��
The sun is the fuel that runs the 
solar panel, and the product or 
output is kWh of electricity. So 
now we have a bathtub that is 
GUDLQLQJ�DQG�ÀOOLQJ�DW�WKH�VDPH�
time.

One priority of designing an off 
grid system is to make sure that 
we have enough solar panels to 
ÀOO�WKH�EDWKWXE��EDWWHULHV��EDFN�
up to full before the sun stops 
shining, because through the 
night or because we had a couple 

cloudy days the batteries drained 
to almost empty. Another way 
to ensure we have enough kWh 
to run our appliances is to add 
a combustion engine generator 
as a source of backup power to 
our solar panels. If the batteries 
are draining to their lowest 
allowable point and the solar is 
QRW�ÀOOLQJ�WKHP�EDFN�XS��ZH�FDQ�
start a generator automatically 
WR�KHOS�ÀOO�WKH�EDWWHULHV�EDFN�XS��
The generator will run on diesel, 
propane, methane or gasoline fuel 
and will produce kWh just like the 
solar panels, the difference is that 
the fuels that power the generator 
are not renewable and in limitless 
supply at our site, so bringing in a 
fuel truck when the tank is empty 
is a necessary consideration.

Power Storage  
and Backup  
Power Supply
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Recap
To recap: a watt or kilowatt (kW) 
is a power rating that happens over 
the course of one second, it’s like 
the power behind a single punch. 
If Mike Tyson hit you, that would 
be similar to 100 kW. If Paris 
Hilton hit you, it would be 1 kW. 
Kilowatt-hours (kWh) is a measure 
of power over the course of one 
hour. If Mike Tyson kept punching 
you for one hour, that would be 
100 kWh…and that would hurt.

Solar panels, although they have a 
name plate rating in watts, are best 
used for their ability to produce 
kWh for offsetting what you buy 

IURP�WKH�XWLOLW\�RU�IRU�ÀOOLQJ�XS�
your battery bank in an off grid 
system.

Battery storage capacity is measure 
in kWh, and the power output of a 
battery based inverter is measured 
in kW.

I sincerely hope this surface level 
explanation was helpful and that 
you are beginning to feel more 
comfortable with the terminology 
and components involved in a solar 
and off grid power system.

Thank you.

JP Novak
jp@buildnative.com
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