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In the world of solar energy,
We are talking about two different,
but related, things:

Decarbonization--Drastically reducing our use
of fossil fuels to limit the amount of carbon

dioxide in the atmosphere

Resiliency—Using battery storage to protect
ourselves and our community

from the harm of climate-change events



Decarbonization includes large-scale 
use of solar, wind or geothermal power

Dogger Bank, UK, 4.5 million homes

Roadrunner Solar, Texas, 
100,000 homes

Could 
meet 
world 
energy 
needs



But, when the grid goes down, all the 
decarbonization in the world won’t give 

you a glimmer of light 

You’ll need resiliency, with battery 
backup, for both individual and local 

community microgrid systems



Solar power keeps us on both paths—
decarbonization and resiliency

10 years ago, 40 solar panels were installed near
Lenhartsville, PA, as part of a grid-tied 
(no storage) system rated at 9.6 kilowatts  



In 2020, concern with grid stability and continued use 
of non-renewable electricity led the homeowners to 
battery storage and more solar. To offset the electric 
use, an additional 36 modules were placed on the barn, 
bringing the system total to 23 kilowatts.



Inverters

From the inverters, the
electricity powers the 
home, charges the car
and the backup
batteries and sells any 
excess power back to 
the grid.

Change the solar 
or battery power 
to household 
electricity

Two 12 kW Sol-Ark inverters
provide 16 kW of off-grid power



A simple, dimple guide to power vs 
energy: It’s a matter of time

POWER
Watts (W)

ENERGY
Watt-hours 

(Wh)

On for two hours…

12 Watt-hours

36 Watt-hours

Installed…

6 Watt bulb

18 Watt bulb

Electricity is ENERGY, measured in Wh or kWh (k = 1,000)

Bulb is just sitting 
there, doing nothing Bulb is lit for a

period of time



There are three basic battery types found 
in home back up systems:

Flooded lead acid
Least expensive
Requires regular maintenance
(watering and careful charging)
Completely recyclable

AGM
(absorbed glass mat)
Sealed batteries
Mid-price range
No maintenance and
Fewer charging concerns
Completely recyclable



Lithium ion batteries—two main chemistries:
• Lithium iron phosphate 
• Lithium cobalt

~$2700 each
w tax & shipping

Lithium ion--the new kid in town

Weigh less
for the same power
as lead acid

No maintenance
Recycling issues
Costs a lot more



Simpliphi lithium iron batteries
Are used for storage at this site, providing 30 kWh of energy

Lithium iron phosphate chemistry Battery costs ~$23,000

Sealed batteries

Cobalt free

No maintenance

For charging, they 
need to be kept 
above freezing

Made in USA

Max power 15.4 kW



Tesla Powerwall with 
Gateway 

No maintenance

Motor size limited by 
low starting power

Made in USA

Tesla Powerwall battery
Lithium Nickel Cobalt Aluminum Oxide

Energy 13.5 kWh

Max power 5.0  kW

List price for two Powerwall
batteries is ~ $20,000



Cobalt mining by 
children in the 
Congo

35,000 children mine 
cobalt for use in 
electric cars, storage 
batteries, tablets and 
smartphones

US Department of Labor



What’s involved in a resilient system?

--Storage batteries (hopefully no cobalt) 
--Electric subpanel with essential circuits
(refrigerator, phone charger, some lights & 
heating support, well & septic pump)

Is it worth the cost?
It’s a form of insurance

Are you wasting $ on premiums?



What is a reasonable amount of  
battery storage for resiliency?

An average electric bill of $120/month buys 
30 kWh/day,

Typical battery-based storage systems range 
from 10 to 30 kWh/day and cost between 
$6,000 and $25,000 for just the batteries—
inverters and solar panels are extra

15

You’ll need extra power 
to start motors and you’ll use energy

to keep them running



During a winter outage, the PV system in our 
example will average about 25 kWh/day to 
power intermittent loads and recharge the 
batteries for night-time use

But on a cloudy, snowy January day, this system 
produced just 5.5 kWh and the house used 10.6 
kWh. The grid made up the difference. 

Resiliency--



In an extended winter outage, battery 
storage may not make up the difference 
You’ll need conservation and/or a 
generator as a backup to the backup

Resiliency--



Infrastructure spending 
drops with deregulation

Hurricane Sandy, NJ, 2012

The big freeze, 
Houston, 2021

No Gas



Resiliency isn’t limited to going alone

Microgrids offer options 
for all



A microgrid not only provides backup for 
the grid in case of emergencies, but can 

also be used to cut costs and save energy

A microgrid is a local energy grid that 
can disconnect from the traditional grid 

and operate independently



A microgrid looks like this



An urban microgrid in Chicago looks like this



And this in the real world

Solar, storage and the ability to run off grid



New construction, apartment complex,
Allentown, PA

to be resilient in the face of climate disruption
Battery storage needs to go everywhere

• Install solar panels on the roof
• Add storage batteries
• Allow the complex to isolate 

from the grid

In an extended outage, the 
apartments will have basic 
electrical services, but will not 
have central electric heating or 
the capacity to power electric 
stoves or ovens.

Let’s upgrade this 
place to a microgrid:



New construction, apartment complex clubhouse
Allentown, PA

But at the heated clubhouse, there would 
be a commercial kitchen and a place for 

folks to go to keep from freezing.

Heating and 
cooking would be 
provided by either 
natural gas or on 
site propane 



California now requires solar 
on new residences under 

four stories 

To encourage storage, the 
required size of the solar panel 
system can be reduced 25 
percent when it is paired with a 
battery.

And, adding energy efficiency 
measures or load shedding can 
also reduce by 15 percent the 
required size of the solar panel 
system.

Pipe dream you say



“The conventional thinking is big (solar) is cheaper; 
small is more expensive; but with new and better 
models,…, we found that local solar, utility-scale 
solar and storage combined are actually the lowest-
cost option” Jeff Cramer, executive director, Community for Solar Access

Combine microgrids, storage and solar farms 

And we hit the trifecta! (But the odds are long)



247 GW of local storage & solar =
$473B savings, more than 2 million jobs 

& the cleanest, lowest cost grid 

Study by Dr. Chris Clack, Vibrant Clean Energy, Dec., 2020 



The bill creates a 30% tax credit to build microgrids at the 
local level. To help communities participate, the credit 

can be taken by governments and nonprofits as a direct 
payment. 

For the nation, California Congressman 
Introduces MICROGRID Act

Rep. Jimmy Panetta

“Expanding and deploying microgrids can harness 
clean energy sources, keep our homes and critical 
infrastructure connected when the larger grid fails, 
and lead to reliable and consistent electricity for 
our homes and safety for our communities.”


