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Florida is famous for hurricanes. As  

a teenage kid growing up in Miami,  

we never knew anything about the 

glory of snow days up North, but we  

did have Hurricane Days.

Danny Parker
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Living in Florida:
A Legacy of Hurricanes

1.
Florida is famous for hurricanes1. As a teenage 
kid growing up in Miami, we never knew anything 
about the glory of snow days up North, but we did 
have Hurricane Days. They usually came in the 
worst month of Florida’s weather — September. 
That month, after all, came at the end of a long and 
hot Florida summer known to be famously muggy 
and wet. Late August and September are also the 
rainiest periods in the Liquid Sunshine State, and 
even worse, school started back before Labor Day.

Once in a while, soggy tropical storms would 
boil up in the Atlantic: huge patches of gray 
vapor-laden clouds ringed 
by thunderstorms eventually 
rotating into an ugly mess of 
howling wind and rain. Moving 
toward Florida, these might 
earn a few dismally hot and rainy 
days off from school — and every 
once in a while — often in August 

and September, they would morph into full-fledged 
hurricanes. Back then, hurricanes seemed like  
a big adventure. During Hurricane Betsy, I learned 
a 12 year old boy could sail at high speed on  
a skateboard by merely holding out a pillowcase. 
As a college-aged youth, there was the lure of 
hurricane parties, but by the turn of the century, 
these storms ceased to be fun. Category 5  
Hurricane Andrew in 1992 largely destroyed 
Homestead and South Miami — a tempest so 
powerful and compact that it was like a huge 
tornadic wrecking ball that exploded everything  
it touched.

Figure 1: Hurricane Jeanne approaches 
the Eastern Florida coastline in Sep-

tember 25, 2004. The Category 3  storm 
caused $6.8 Billion in damage and 

was one of three storms Cthat hit the 
state that summer in rapid succession. 

Source: NOAA/NASA

1 Jay Barnes and Neil Frank, Florida’s Hurricane History, University of North Carolina Press, 1998. For Florida’s climate particulars:  
Morton D. Winsberg, “Florida’s Climate,” Florida State University, prepared for the National Data Climatic Center: http://climatecenter.fsu.edu/im-
ages/fcc/climateofflorida.pdf. For a visual impression of Florida’s vulnerability relative to hurricane paths:  Larzaro Gamio, “100 year of hurricanes  
hitting and missing Florida, visualized,” The Washington Post, October 7, 2016.

http://climatecenter.fsu.edu/images/fcc/climateofflorida.pdf.
http://climatecenter.fsu.edu/images/fcc/climateofflorida.pdf.
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Hurricanes, of course, make up the hot and 
humid weather-related history of the subtropical 
peninsular state. With its long 1,100 miles of  
coastline exposed to the tepid waters of the Gulf 
Stream, it is unusually exposed to hurricanes moving 
west out of the Atlantic and north from the Gulf. 
With such exposure, there have been tragedies: the 
destructive Great Miami Hurricane of 1926, the 1935 
Labor Day Hurricane that killed 408 in the Florida 
Keys, and Hurricane Andrew that largely destroyed 
South Dade City in 1992. Florida hurricanes have  
been featured in famous films (such as Key Largo,  
1948) and even the storied sports team from the 
University of Miami. In 2004, three separate hurricanes 
(Charley, Frances, and Jeanne) pummeled Florida 
one after the other, destroying homes, flooding 
streets and cars, leaving large parts of the state an  
ugly tangle of destroyed trees and powerlines 
— and no power. No electricity in September in 
Florida means big misery — no refrigeration, no 

air conditioning, no hot water for showers, not 
even fans — no nothing. And these powerless rain-
soaked days promised just the monotonous roar 
of generators from the forlorn attempt of sweaty 
hurricane survivors to run a refrigerator and charge 
cell phones. The saturated air inside and out was 
thick with moisture — like living in soup.

In October 2016, it was Category 5 Hurricane 
Matthew, which made a dangerous approach 
off the Atlantic in Central Florida. Before grazing 
Space Coast, Florida, the monster 165 mph storm 
killed 603 in Haiti, Cuba, and the Dominican 
Republic. My family and I were chased from 
Cocoa Beach to friends in Gainesville only to 
have the massive storm raise havoc there. Over  
a million people lost power in Florida and Matthew 
accumulated $10 billion in damage in the US. After 
losing electricity in Gainesville, we returned to find 
no power for days in Cocoa Beach.
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If 2016 with Hurricane Matthew was bad, 2017 
with Hurricane Irma was much worse. The energy 
story in Florida in 2017 was dominated by the 
destructiveness of this Category 5 monster 
hurricane from September 10–12th. The huge 
storm was the strongest sustained hurricane in 
the Caribbean since records 
have been kept, maintaining its 
peak intensity of 185 mph for 
36 hours. Irma tore off roofs, 
flooded homes, uprooted 
large trees, and flattened  
a large swath of the Florida 
Keys. Large sections of South 
Florida were transformed into 
a dangerous morass of flooded 
streets, splintered palms, and 
downed power lines. Brickell 
Avenue in downtown Miami was 
submerged in waist-deep water. 
As of November 2017, estimates 
of the storm’s damages in the 

US were greater than $65 billion – some estimates 
run as high as $200 billion – the fourth costliest 
hurricane on record. Further, when Irma struck, 
the Atlantic and the Gulf were boiling with tropical 
storms that were seemingly threatening to spin 
paths of destruction everywhere.

Figure 2: Hurricane Katia in the 
Gulf, Category 5 Irma in the Center; 

to the east Tropical Storm Jose 
photographedon September 8, 2017. 

Source: NOAA/NASA

The image above, taken from a NASA satellite on 
September 8th, capturEs the punishing feel of the 
2017 hurricane season.

On the left in the Gulf is Category 2 Hurricane 
Katia, in the center the monster Hurricane Irma, 
and in the east Tropical Storm Jose, which would 
reach Category 3 status just days later. It was the 
first time in history that two Atlantic hurricanes 
with winds greater than 150 mph spun through the 
Atlantic at the same time. A week later, Hurricane 

Maria would spawn from a marginal Category 
1 hurricane and blow into a Category 5 cyclonic 
buzz saw in a span of just 18 hours. Maria would 
smash Puerto Rico in a catastrophic disaster of 
unprecedented dimension.

For the Florida utilities in her path, Hurricane Irma 
created enormous damage, wrecking the electrical 
distribution network from the Florida Keys all the 
way up beyond north Florida. At the height of the 
devastation from Irma, more than 7 million Florida 

https://eu.usatoday.com/story/news/nation-now/2017/09/10/more-than-3-million-without-power-florida-hurricane-irma-makes-landfall-keys/651078001/
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customers were without power. More than 40% of 
homes in the state were blacked out; no lights, no 
electricity.

Over the preceding decade, FPL, Florida’s largest 
utility, had spent approximately $3 billion on 
projects to ready for the next big one: concrete 
poles, clearing vegetation near lines, and seeking 
to bury more critical power lines. “There is no 
such thing as a hurricane proof system,” FPL 
spokesperson Peter Robbins cautioned the Miami 
Herald. In spite of all that had been done, Florida’s 
largest utility lost power for 4.4 out of 4.9 million 
customers, or 90% of them. Many customers were 
without power for up to a week. Around the clock, 
indefatigable linemen and linewomen reset poles, 
re-strung lines, and replaced transformers, soon 
becoming heroes to millions of Floridians begging 
to see the air conditioner come back on.

Just the month before Irma, Hurricane Harvey 
crashed into Houston with a deluge of rainwater 
and catastrophic flooding damage. Monster 
hurricanes may be something to get used to as 
the earth’s seas are warming. While there appears 
no statistical connection between the frequency 
of hurricanes and the climate change–related 

warming of the Gulf and Tropical North Atlantic, 
the same cannot be said for the intensity and rate 
of hurricane intensification. “Global warming is 
tangibly increasing the hurricane risks around the 
world,” according to Dr. Kerry Emanuel, professor 
of atmospheric science at the Massachusetts 
Institute of Technology (MIT). “Climate Change, if 
unimpeded, will greatly increase the probability 
of extreme events.” Emanuel was referring to extreme 
events like Harvey, Irma and Maria — “a hurricane train.”

The underlying theory is unequivocal — warming 
oceans lead to larger, stronger, and more rapidly 
intensifying storms. Although hardly conclusive,  
a simple count of the most powerful storms seems 
to be have been increasing over the last century. 
There were eight Category 5 hurricanes recorded 
from 1931–1960 and then ten from 1961–1990. 
As of November 2017, we have a total of thirteen 
Category 5 storms with three years yet to go for 
the next 30-year period (1991–2020). More telling, 
however, is evidence from modern satellite 
observations, which show that hurricane intensity 
does seem to be increasing and in a statistically 
robust fashion.

Moreover, relative to earlier in the last century, in 
recent decades, hurricanes are tending to reach 
their peak intensity at higher latitudes, with 
the tracks trending more often toward Florida, 
Georgia, and the Carolinas.

While the factors influencing hurricane formation 
are intricate, involving periodic warming and 
cooling of Pacific waters (El Niño and La Niña) as 
well as prevailing wind shear and meteorological 
complexities such as the Madden-Julian 
oscillation, the fact of the matter is the sea surface 
temperatures — which have been rising over 
the last century — play an undeniable role in 
storm intensity and frequency. In fact, the ocean 

There were eight Category  

5 hurricanes recorded from 1931–

1960 and then ten from 1961–1990. 

As of November 2017, we have  

a total of thirteen Category  

5 storms with three years yet to go 

for the next 30-year period  

(1991–2020). 

https://eu.usatoday.com/story/news/nation-now/2017/09/10/more-than-3-million-without-power-florida-hurricane-irma-makes-landfall-keys/651078001/
http://news.mit.edu/2017/kerry-emanuel-hurricanes-are-taste-future-0921
https://www.nature.com/articles/nature07234
https://www.nature.com/articles/nature07234
https://www.nature.com/articles/nature07234
https://www.nature.com/articles/nature13278
https://www.nature.com/articles/nature13278
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temperatures over the area where hurricanes form 
are the key factor.

As the earth has been warming in response to 
increasing levels of atmospheric carbon dioxide, 
this carries over to the seas. Indeed, a perilous 
threshold was reached recently when the World 
Meteorological Organization announced that CO2 

concentrations rose at a record rate to reach 403 
parts per million in 2016.

This is the highest level of the heat-trapping 
greenhouse gas in the last 800,000 years, including 
all of human history. What will happen at this level 
is anyone’s guess, but it seems certain we are in 
for more warming in the future.

By one estimation, the United Nations Environment 
Program’s (UNEP) Emissions Gap report, even if all 
of the pledges for the Paris Accord are met, we still 

appear to be in for 3.20°C (5.80°F) warming – which 
will just make things increasingly dangerous. All of 
the climate change–related data suggest greater 
potential intensity of hurricanes in the subtropics 
as the potential thermodynamic limit for hurricane 
intensity rises with temperature. Basic theory 
suggests a 3 m/s (7 mph) increase in average 
peak hurricane wind speeds for every 1°C (1.8°F) 
of sea surface temperature increase. Moreover, 
enthalpy-related physics (the Clausius-Clayeron 
equations) predict that with global warming, 
future hurricanes will produce substantially more 
rain (7% more water vapor per 1°C warming). 
Hurricane Harvey, the largest rain event in the 
US history, likely portends the wetter nature for 
hurricanes to come.

Meanwhile, we can see that ocean temperatures 
have a remarkable association with the formation 
of more powerful hurricanes in the Atlantic:

Hurricane Strength and Ocean Temperatures
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Figure 3: Influence of average sea water temperature (oF) at core location over last 30 days vs. frequency of hurricane intensity 
by category. Source: Zeke Hausfather at University of California Berkeley/Berkeley Earth

https://www.vox.com/energy-and-environment/2017/10/31/16579844/climate-gap-unep-2017
https://www.vox.com/energy-and-environment/2017/10/31/16579844/climate-gap-unep-2017
https://www.aoml.noaa.gov/hrd/Landsea/knutson-et-al-nat-geo.pdf
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Since the 1970s, sea surface temperatures 
around the earth have increased by an average of 
~0.60°C (1.10°F). They are estimated to have risen 
by about twice this much since pre-industrial 
times. Although half a degree doesn’t sound like 
much, this represents an enormous increase 
in ocean heat content, with large implications 
for the formation of tropical cyclones. A large 
subtropical hurricane is an ocean-borne, 
primarily latent heat engine, which operates at 
approximately 3 trillion watts. Not surprisingly, 
the prime incubation zone for tropical storms 

and hurricanes in the Tropical North Atlantic was 
the third warmest on record (only exceeded by 
2005 and 2010). And adversely for Florida, the 
West Caribbean has had the strongest storms 
since they have been tracked.

Ocean surface temperatures in the path of Irma 
exceeded 86°F (30.0°C) at the time it approached 
Florida in September, and temperature in 
the Strait of Florida reached 90°F (32.2°C)on 
September 10th when Irma was intensifying as it 
bore down on Cudjoe Key.

Figure 4: Total number of hurricane strikes by counties/parishes/boroughts,  
1900–2010 Note: When comparing values for counties/parishes/boroughs, 
differences in geographical size should be considered. Data from NWS NHC 46: 
Hurricane Experience Levels of Coastal County Populations from Texas to Maine, 
Jerry D. Jarrel, Paul J. Hebert, and Max Mayfield, August 1992, with updates.  
Source: NOAA
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These very high sea surface temperatures support 
the development of the very most powerful 
Category 5 storms. With warmer oceans, larger, 
wetter, and more powerful hurricanes will likely 
become more common, and given Florida’s storied 
history with them, we might as well be ready. 
Indeed, superimposing the tracks of hurricanes 
over the coastal state of Florida suggests a gauntlet 

of storms where strikes are inevitable. Even 
more, as Emanuel of MIT cautions, “with climate 
change, past risk may not be a good indication for  
future risk.”

In other words, things may get worse.

ENSO’s Effects on Florida Hurricane Impacts (Sinse 1878)

EL NIÑO YEARS

LA NIÑA YEARS

13 HURRICANE IMPACTS

28 HURRICANE IMPACTS

August–October 
Averaged MEI>=0.75 (34 Years)

August–October 
Averaged MEI>=0.75 (31 Years)

Cat. 1–2 Hurricane

Cat. 1–2 Hurricane

Hurricane impacts include TCs that made landfall over Alabama and Georgia but were deemed by the National Hurricane Center 
to have impacted Florida with sustained hurricane-force winds. Data available here: http://www.aoml.noaa.gov/hrd/hurdat/AA U.S 
Hurricanes.html

Figure 5: Statistically more hurricanes strike Florida in La Niña Years Source: courtesy Philip Klotzbach,  
Colorado State University

3+ Hurricane

3+ Hurricane

Tropical Storm
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https://blogs.scientificamerican.com/observations/what-we-know-about-the-climate-change-hurricane-connection/
https://blogs.scientificamerican.com/observations/what-we-know-about-the-climate-change-hurricane-connection/
http://www.aoml.noaa.gov/hrd/hurdat/AA U.S Hurricanes.html
http://www.aoml.noaa.gov/hrd/hurdat/AA U.S Hurricanes.html
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Given the humid weather and extensive post-storm 
water damage after Irma, many were without 
electricity for days, some much more than a week. 
Lacking refrigeration, millions of dollars of food 
became so much rotten garbage, communications 
were disrupted, dehumidifiers sat dormant for 
lack of power in water-soaked homes, and the loss 
of air conditioning made for profound misery for 
millions. Residents were condemned to opening 
windows to the hot stagnant outdoor air, while 
serenaded by noisy gas-powered generators. 
Lying in bed sweating, many slept fitfully in the 
still humid air, worried through the night of how 
they might forage the next day’s gasoline and 
water. Some desperate souls, unable to sleep, 
sat in a running car for a few precious minutes to 
savor the relief of air conditioning.

While all utilities make power restoration to 
hospitals a first priority, should not our nursing 
homes, assisted living locations, hurricane 
shelters, and community centers have solar 
systems with battery backup that should allow our 
citizens to survive in safety in the wake of natural 
disasters like Hurricane Irma?

Yes, these systems would be more expensive than 
gas or diesel generators, but wouldn’t include 
the need for staff to go on daily hunts for sparse 
gasoline supplies. (As late as September 12, 2017, 
after Hurricane Irma departed, 43% of Florida gas 
stations reported they were dry, with the situation 
particularly bad in hard-hit Dade County.) 
Moreover, if utilities installed such systems on 
critical facilities (medical clinics, nursing homes, 
hurricane shelters, and community centers), 
they would benefit from year-round clean power 
generation from such PV battery systems while 
providing significantly greater resilience to our 
communities in the inevitable instance of power 
loss after hurricanes. How would we know the 

roofs and PV systems might survive? Due to  
a good amount of research that we’ll cover later, 
we know a lot more about that topic from studies 
of the survivability of roofing systems in the wake 
of the spate of hurricanes in 2004 (spoiler alert: 
good: hipped metal roofs; bad: ridge vents and  
big overhangs).

Even as Irma swirled her misery toward the 
Alabama-Georgia border, FPL and the other Florida 
utilities unleashed a massive workforce: a fleet of 
hundreds of trucks running 24/7 and an army-sized 
workforce of 28,000 line crews from all over the US. 
The fielded work crews worked around the clock 
in difficult weather and dangerous conditions to 
restore power. In a feat of coordination, a week 
later, by September 22th, FPL announced that it 
had restored power to essentially all of its nearly  
5 million customers.

Of course, the costs for such massive hurricane 
recovery efforts are not free. For a year after 
Hurricane Matthew, FPL customers were paying an 
average of $3.36 per month for 1000 kWh ($0.0036/
kWh listed as Storm Charge on the bill) to recover 
from the hurricane. Before Hurricane Matthew 
could be paid for, FPL customers then had even 
larger charges due to Hurricane Irma.

After Hurricane Irma departed, 43% 

of Florida gas stations reported 

they were dry.

https://money.cnn.com/2017/09/12/news/florida-hurricane-irma-gas-shortages/index.html
https://www.prnewswire.com/news-releases/fpl-completes-service-restoration-to-more-than-44-million-customers-impacted-by-historic-hurricane-irma-300524402.html
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Figure 6: FPL line crews depart after successfully restoring power. Source: Florida Power & Light.

If you wish to know what climate change might 
bode for Florida and its energy picture, look no 
further than the $1.3 billion repair bill after Irma. 
These charges — fully half a cent per kilowatt-
hour — continued for three years through 2020. 
So, the average single family residential customer 

using 15,000 kWh annually paid about $200 over 
three years to repair the ravages of Irma. With the 
potential for increasingly dangerous storms, years 
without that half a cent per kWh storm charge could 
become the exception rather than the rule: storm 
charges in perpetuity.
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With storm charges at half a cent per kWh and 
$5 per month, the idea of slashing utility energy 
efficiency R&D budgets, at a cost of only half  
a cent extra per month, looks short-sighted and 
silly. As we will see, this is exactly what happened 
in 2014. If we’re really serious about reducing 
greenhouse gas emissions (and we should in 
sea level rise and hurricane at risk Florida) and 
increasing our community resilience in the wake 
of hurricanes, such cuts are not in Florida’s best 
interest. The technology for power generation 
and consumption has been changing rapidly over 
the last decade and Florida needs to be at the 
forefront. “In Florida,” observed George Cavros 
of the Southern Alliance for Clean Energy (SACE), 
“the old utility business model is colliding with 
21st century technologies.”

Yet FPL and the other Florida utilities did  
a remarkable job restoring power after the most 
recent hurricane. Even before Hurricane Irma had 
left Florida, FPL had turned the lights back on for a 
million customers and fully another million customers 
reconnected the following day. Eric Silagy, the 
president and CEO of FPL, was fully accurate when he 
boasted, “We pulled together and completed the 
largest restoration of the largest amount of people 
by any one utility in US history.” Fully true, the FPL 
accomplishment was legendary.

And  anyone who has experienced the hot misery 
of a post-hurricane world without power knows 
that Florida was grateful for FPL’s efficiency in 
restoring modern civilization.

At home in Cocoa Beach, we were without 
power for a week. Although I have a 6.5 kW solar 
electric (PV) system, I did not have one of the 
new inverters that allow you to use the power 
during the day when the sun is up. (In the rest 
of the report, I’ll help you pick out the new ones 
with that ability.) Nor did I have a battery backup 
system that would allow us to “island” the power 
and keep the entire household going in spite 
of the grid failure. That changed the following 
year when I installed backup electrical storage 
(as Tesla Powerwall) — as many of you with PV 
systems should be contemplating. Yes, you can 
install a generator for less than a $1,000, but as 
seen in Puerto Rico, what happens when you no 
longer have gasoline easily available? Long lines 
at best. Welcome to the brave new world of 21st 
century climate change in the Southeastern US.

Yet, I was lucky another way. As I have a 7-year-
old Chevy Volt plug-in electric vehicle (10 kWh 
battery), I was able to use an outboard 1,000 watt 
inverter with that to charge phones, power tools, 
illuminate lamps, and run fans at night (double 
amen). That’s another advantage of plug-in hybrid 
electric automobiles that we’ll get into in the 
rest of the report — a built-in battery and quiet 
generator! Still, we were oh-so-grateful when the 
grid power came back on the evening of Saturday,  
September 16th.

Yet, as immensely appreciative as Floridians are 
to utilities like FPL for restoring electric power, 
the responsibility of the regulated utilities, too, 
is to provide citizens with the cheapest and 
cleanest energy for a vibrant future. And in doing 
that, should we not also help our citizens to have 
more durable and reliable power for emergencies 
for our critical medical facilities, nursing homes, 
hurricane shelters, and community centers?

Welcome to the brave new world of 

21st century climate change in the 

Southeastern US.
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Even more, should we not also help make this 
kind of robust, disaster-proof power more widely 
available to the average Florida homeowner?

Such systems with solar electric power  
production with battery backup are now widely 

available, but most homeowners know nothing 
about them and investor-owned Florida utilities 
are quietly hostile to rooftop solar. Meanwhile, 
the citizens of the Sunshine State need solar with 
battery backup storage for their homes — and it’s 
now within reach.

Figure 7: Home with 5 kW solar electric PV system with integral 8 kWh back-up power storage system in the garage.  
Source: Sonnen

Although real progress is being made worldwide 
relative to greater energy efficiency and 
greenhouse gas reductions with a resilient  
electric grid, in at-risk Florida, sadly, we fall short. 
We could be doing much better and providing real 

energy leadership in a state perilously at risk for 
sea level rise and damage from more powerful 
hurricanes.  

And the obvious question: why aren’t we?

Acknowledgements: The author is thankful for review from the following for Part I:  Dr. Kerry Emanuel (MIT), Dr. Michael Mann (Pennsylvania State 
University) and Zeke Hausfather (University of California, Berkeley).
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Solar Energy 
in the Sunshine State

2.
Florida has been famously known as the Sunshine 
State — an old nickname that was officially 
adopted in 1970 by the state legislature.

I have been researching the energy use of U.S.  
homes and how to reduce it for my entire career 
— nearly 40 years. Most of that time I’ve spent as a 
researcher at the Florida Solar Energy Center, which 
is the state’s dedicated energy research institute  
and part of the University of Central Florida. We 
are like a National Lab without being one — a 
state laboratory of unusual capability. There, with 
other able colleagues, I have studied how to cost-
effectively cut energy use and improve energy 
efficiency of Florida homes, both in the laboratory 
and in the field. I have dedicated my life to 
learning how to do this better, with the result that 
we now know we could cut residential energy use 
in the state by 10% easily and by nearly 40% using 
proven but more extensive approaches.

How do I know that? Because we’ve measured it 
in occupied homes in large samples. We’ll share 
it all here in this report. If you are in Florida or  
neighboring states and want to cut your household 
consumption by 10% or even 40%, we’ll give you 

some proven “recipes” based on monitored research 
that will get you there. Although saving 40% will  
cost several thousand dollars, it couldsave you an 
average of $700 a year,be quite cost effective, and 
result in a more comfortable home.

Moreover, the simple measures saving 10% are not 
only easy, but typically cost less than $400 if you do 
them yourself. Payback in about three years. There 
are other advanced technologies that I’ll describe.

Imagine if there was an affordable technology 
that would cut your energy needed for water 
heating by more than two thirds while at the 
same time helping to cool and dehumidify your 
Florida home — dropping air conditioning by 5% 
a year. It exists, is cost-effective, and for Florida 
is transformative. We’ve tested it in dozens of 
homes and will share what we know here.

A second vision: Imagine if there was a very 
efficient low-power air conditioning technology 
that you could install and it would cut your central 
cooling system energy use by 33% (saving $215 
a year or 1950 kWh) and provide a redundant 
cooling system you could use in the event of 

http://www.fsec.ucf.edu/en/
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1 Called a heat pump water heater (HPWH) we measured these systems to reduce annual water heating energy by nearly 1,300 kWh per  
year – worth $145 saved.  At the same time, this Florida suited technology can drop annual cooling by 5% or more (250 kWh/year) if installed  
in an interior utility room.
2 Of course, Florida is not the sunniest U.S. state. The 5.13 kWh/m2 solar irradiance in Melbourne, Florida compares to about 5.27 kWh/m2  

for the same system in San Francisco or 5.52 kWh/m2 in Honolulu, Hawaii. For point of comparison: a cloudy location such as Seattle yields 3.82 
kWh/m2 against a very sunny one: Phoenix, AZ at 6.43 kWh/m2. Source: PVWatts, NREL

produce about 8,579 kWh/year (when converted 
by the inverter into AC power and fed into the 
grid)2. Even at current efficiencies for the home 
and equipment, this would satisfy about half of 
a typical Florida home’s annual energy needs. As 
we will see, with greater home efficiency — which 
has been readily demonstrated by research 
sponsored by both the utilities and the U.S. DOE 
— the PV power produced would be suitable for 
80% or more of home electricity needs.

Unfortunately, there is little evidence to support 
the Sunshine State as an accurate moniker to 
describe current day Florida — at least when it 
comes to solar electricity. Rather than being 
a leader in rooftop distributed solar energy 
production, Florida has lagged. California, 
Arizona, and New Jersey are far ahead, and this is 
not just a Deep South problem. Closer to home, 
Florida trails behind North Carolina and Arizona, 
and many other states on a per capita basis.

With a widely known reputation for copious levels 
of solar energy falling on each square mile of its 
subtropical landscape, why has Florida lagged 
most of the rest of the United States?

DOE — the PV power produced 

would be suitable for 80% 

or more of home electricity

 needs.

power interruption after a hurricane. Such  
a supplemental cooling system has been tested 
and evaluated. We’ll describe how to incorporate 
and potentially power them after a storm using  
a generator or rooftop solar.

Be aware, however, that the Investor Owned  
Utilities (IOUs) in Florida would likely wish not to  
see you do those things. If large numbers of 
Floridians did so, it would save consumers a lot of 
money each year, but it would also reduce utility 
earnings and shareholder profits. Of course, 
those installing the measures would see utility  
bills plummet.

And then there is the matter of renewable solar 
electric generation. Amid the world explosion 
of solar photovoltaic (PV) power, what 
happened to expected solar ascendency of the  
Sunshine State?

In Florida, if we take Melbourne as a population-
centered result, the hourly average Typical 
Meteorological Year (TMY3) weather data show 
that a roof facing south at a standard 20 degree 
pitch will receive about 5.13 kWh/m2 1 of solar 
irradiance. Catching that and turning it into 
electricity via a standard 6 kW DC PV array would 

https://cleantechnica.com/2020/10/04/top-solar-states-per-capita-2012-vs-2020-cleantechnica-report/
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Global Horizontal Solar Resource of Florida
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While the solar resource in Florida is good, showing 
5.0–5.5 kWh/m2 falling daily on horizontal surfaces, 
it is not extraordinary relative to the rest of the U.S. 
(see inset)3. California, Arizona, and the Southwest 
are better. However, the difference in uptake of 
solar installations across the U.S. has much more to 
do with other factors than it does with the resource itself.

Part of the variation in solar development from one 
state to the next comes from the electricity price 
itself. With very high electricity prices in Hawaii 
(imported oil is used to generate electricity), 
average monthly residential energy consumption 
has fallen from 680 kWh in 2004 to 500 kWh in 
2014. Part of this is due to solar electric rooftop PV 
generation (behind the meter), as solar in Hawaii 
has grown from 1.5% of the generation mix in Hawaii 
in 2008 to 14% in 2019. The impetus for this spate of 

greater efficiency and a higher level of solar electric 
generation in this island state has come from the 
average price of electricity of $0.37 per kilowatt-
hour (kWh).  This is the highest cost of electricity in 
the nation and has led to the greatest motivation 
for residential and commercial customers to find 
alternatives in Hawaii to drop consumption.

According to the EIA, the average cost of residential 
electricity in the United States was approximately 
$0.122/kWh in 2016. The price in Hawaii (not 
including taxes) was $0.280 kWh. In Florida, the 
price was $0.112 for the same period. Another 
state that leads both in energy efficiency and solar 
renewable energy, California, has an average price 
of $0.177/kWh4. Thus, places where efficiency and 
solar energy have seen greater adoption rates are 
those places with higher electric rates.
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Figure 2: Average Residential Electric Rates by State 2016, via the Edison Electric Institute. The residential electric rate 
in Hawaii in the same period was $0.28/kWh.

Total average residential rates by state (cents per kilowatt-hour)

3 For context, the average home has a roof area of about 180 m2; PV efficiencies are currently around 15% and average daily consumption is 
about 40 kWh/day in Florida. Thus even if only a quarter of the roof is useful for solar collection, with a 20% improvement in efficiency and 
electrical storage, most of the electrical needs can be met.
4 It is important to note that that the EIA quoted residential electric rates (www.eia.gov) are utility reported revenue-based rates, and do not 
include state, county, municipal and local energy related taxes that are ubiquitous and typically around 10% of overall costs paid by consumers.

https://cleantechnica.com/2020/10/05/top-us-states-for-percentage-of-electricity-from-solar-cleantechnica-report/


20

However, monthly utility bills are not based 
solely on rates, but more so on consumption. 
So, how does average electricity use in these 
states compare? In Florida, according to the EIA, 
the average residential electricity use (including 
all housing types) in 2015 was approximately 
12,936 kWh per year. In California, the average 
electricity use is half as much — 6,684 kWh per 
year. California electricity use is lower not only 
because only 27% of homes use electricity for 
heating (versus 41% for the U.S.), but also because 
of extensive statewide efficiency efforts. There is 

also the much greater use of air conditioning in 
Florida. For instance, California was the first state 
to develop a deregulated utility market where 
revenues are not strictly based on sales. Hawaii, 
on the other hand, in spite of most homes having 
mainly electric appliances, has the lowest energy 
consumption of any state in the nation – just 6,180 
kWh per year. Hawaii is known for a mild climate 
year round, but with significant cooling, it is clear 
that the high price has fueled considerable efforts 
at efficiency and solar hot water and solar electric 
installations.
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Figure 3: Average Monthly Residential Electricity Consumption by State for 2014 — all housing types, via Inside Energy.

STATE: FLORIDA 
Montly Electricity Use (kWh): 1,092.3
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Florida homes are predominantly fueled by 
electricity, given geographic limitations in the 
natural gas distribution network (only 5% of 
homes use natural gas and 90% of residential 
energy costs are for electricity). So, is Florida’s 
higher consumption due to the large amount of air 
conditioning in the state? To be sure, this explains 
some of the disparity since various studies have 
shown that average residential space cooling in 
single-family homes in Florida averages about 
5,900 kWh per year (more in Southern Florida and 
less in the northern parts of the state). While one 
of Florida’s investor-owned utilities, FPL, loves to 
trot out the fact that it has the lowest utility rates 

around (it is an exceptionally well-run company), 
it is a fact that the cost for your monthly bill is not 
only affected by the rate, but also by the amount 
you consume.

The key point is that the average head of household 
could give a hoot about low electricity rates. What 
they do care about is a low monthly bill.

If we look at the average monthly bills — which 
include rate as well as consumption — we see that 
an average Florida household was spending more 
than the national average in 2014:
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Figure 4: Average Monthly Residential Electricity Consumption by State for 2014 — all housing types, via Inside Energy.
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Thus, in spite of having much higher electric 
prices than Floridians, Californians actually spend 
less on energy than households in Florida. And 
this difference is not due solely to intensive air 
conditioning in Florida. A portion of this difference 
appears to come from the West Coast state’s much 
more aggressive pursuit of energy efficiency 
savings and, more recently, the increasing 
saturation of rooftop solar in the state.5

The situation relative to efficiency and solar has 
smoldered inconclusively in Florida since 2010. 
What are other factors that may have impeded 
progress on efficiency and solar in Florida?

Given that the median household income is 
substantially lower in Florida ($54,600 in the 
state vs. $58,500 in the rest of the country), the 
necessary capital for the installation of efficiency 
measures and solar is often more challenging for 
Floridian households.

And then there are the demographic 
characteristics of the state’s 20 million people 
that underlie motivation. Disproportionately, 
there are more retirees in the state, with  
a famously short economic time horizon. Also, 
the cultural demographic of Florida is not 
particularly inviting for new innovations in 
technology. Regardless of population growth 
from northern cities along the coastlines, one 
should remember that Florida is part of the Deep 
South, which has not been known historically 
for technological leadership.

Today, the South is a political powerhouse, with 
more presidents from the former Confederacy 

than from the former Union. Florida’s former 
Republican governor (now US Senator), Rick 
Scott, banned the term “climate change,” as 
if language choice could forestall potentially 
devastating sea level rise along the state’s 
long coastline. The scientific consensus as 
summarized by NOAA suggests that, by 2100, the 
world’s sea level will rise to between 0.3 and 2.5 
meters (1–8.2 feet) above 1990 levels. If one uses 
popular visualization websites, it is possible to 
see that even a one meter sea level rise will not 
lead to catastrophic changes to the Florida coast 
line. However, such water level increase will lead 
to periodic inundation of canals and waterways, 
with flooding during king tides and heavy rains. 
Flooding may become a way of life. However, 
of much greater hazard, the higher sea levels 
become a “force multiplier” during hurricanes6. It 
is a seldom acknowledged fact that storm surge 
during hurricanes is by far the greatest factor in 
resulting deaths. Here, Florida’s long strings of 
coastal communities are perilously at risk. And 
sea level rise beyond two meters will lead to the 
kind of destruction to beachside communities 
that the Florida government would rather believe 
will not happen.

Unfortunately, the specter of that dreaded 
circumstance has recently come into focus with the 
risk of the sudden collapse of the Antarctic glaciers 
of Pine Island Bay and Thwaites — the latter having 
become known as the Doomsday Glacier.

Currently, the two gargantuan state-sized glaciers 
are melting rapidly, endangering their function as 
a massive threshold plug holding back enough 

5 In 2016, California had  655,226 homes with installed rooftop solar out of a total of around 7 million single family units in the state – a saturation 
of nearly 10%. (Source: http://californiadgstats.ca.gov/and California census data). In 2015 there were 11,600 homes and businesses in Florida 
that had installed rooftop net metered solar (2016 FPSC Annual Report).
6 See: Dinah Voyles Pulver, “Sea Level Rise is Accelerating in Florida, Scientists Warn,” Daytona Beach News Journal,  July 22, 2017.  Ezer, T. and 
L.P. Atkinson (2014). Accelerated flooding along the U.S. East Coast: on the impact of sea-level rise, tides, storms, the Gulf Stream, and the North 
Atlantic Oscillations. Earth’s Future.2, 362-382. doi:10.1002/2014EF000252

https://tidesandcurrents.noaa.gov/publications/techrpt83_Global_and_Regional_SLR_Scenarios_for_the_US_final.pdf
https://cleantechnica.com/2016/11/30/key-glacier-west-antarctica-breaking-apart-inside-may-see-significant-collapse-west-antarctica-lifetimes/
https://cleantechnica.com/2017/07/12/trillion-ton-larsen-c-iceberg-breaks-off-antarctic-ice-shelf/
https://www.rollingstone.com/politics/politics-features/the-doomsday-glacier-113792/
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Antarctic land ice to swell a 3–4 meters of sea-
level rise of the world’s oceans. Such a rise would 
submerge every coastal city on Earth.

Of course, we would hope for a gradual melt of the 
glaciers, allowing humanity time to adapt through 
engineering and or migration. However, looking 
into the past — roughly 11,000 years ago when it 
was as warm as it is today — suggests that when 
such threshold glaciers plunge into the sea, it is 
more like the sudden collapse of a house of cards 
than a slow melt. Such a 3 meter rise in sea level 
could take place over an impossible-to-adapt 
period of 10–30 years rather than a century or more.

All of this argues that coastal regions pay particular 
heed to slowing the rate of greenhouse gas 
accumulation in the Earth’s atmosphere that will 
determine our future prospects. Florida, with its 
1,100 miles of meandering coastlines, south, east, 
and west, is arguably the most at risk state for sea 
level rise in the continental U.S.

https://grist.org/article/antarctica-doomsday-glaciers-could-flood-coastal-cities/
https://grist.org/article/antarctica-doomsday-glaciers-could-flood-coastal-cities/
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Rooftop Solar: 
From Curiosity to Threat

3.
Over the last 30 years, utilities in the state of  
Florida have paid lip service to solar energy and 
saving energy — it is good PR with the public. 
Citizens, after all, remain overwhelmingly 
enthusiastic for both saving energy and solar  
power — at least, as long as it isn’t expensive. 
Specifically, 77% of Floridians report positive 
attitudes toward renewable energy sources; 
74% favor government standards to curb carbon 
emissions from burning fossil fuels to generate 
electricity; and 74% consider it “extremely 
important” for government to expand programs 
that encourage energy efficiency — such as 
initiatives to add insulation, upgrade lighting, 

and have more efficient appliances in homes  
and businesses.

That state of affairs continued amicably as long 
as the research topic of conserving energy was 
a nice tree-hugging idea that the utilities could 
officially endorse, but one that didn’t make much  
of a difference. Solar thermal systems were 
expensive relative to performance. Solar 
electric photovoltaic (PV) power was no threat  
— it was too expensive to be taken seriously.  
Solar electricity was mainly a topic of interest 
to new-age hippies looking to live in remote  
locations off the grid.

Figure 1: A 4 kW solar electric PV system is installed over a white tile roof, via FSEC. FSEC research showed that white reflective 
roofs in Florida can cut air conditioning by 10–25% depending on duct location.

http://polls.saintleo.edu/polls-suggest-floridians-want-direct-market-access-to-solar-power-from-neighboring-consumers-and-businesses/
http://polls.saintleo.edu/polls-suggest-floridians-want-direct-market-access-to-solar-power-from-neighboring-consumers-and-businesses/
http://polls.saintleo.edu/polls-suggest-floridians-want-direct-market-access-to-solar-power-from-neighboring-consumers-and-businesses/
https://www.nrdc.org/experts/jackson-morris/floridians-want-sunshine-state-become-clean-energy-state
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That was before the cost of installed solar 
panels was $0.2/watt as it is today (it was 
$2/watt in 2010). Now, when the sun is out, 
there is no cheaper way to generate power. 
Not coal, not nuclear, not even advanced 
combined cycle power plants with gas at $3.5  
a million BTUs (British thermal units). Yes, we all 
know, there is night, there are clouds and rain. 
What about solar then? Magic word: storage.

Over a long career, I have had a professional 
relationship with many individuals within the 
Florida IOUs. They are a mixture of extremely 
intelligent — even brilliant — and dedicated 
individuals, but also — given the state culture —  
a dwindling group of institutional “good ol’ boys.” 
What does that mean? “You don’t want all that 
mess of unregulated power coming online from 
rooftop solar,” one such unnamed long-term 
traditional FPL employee lectured me two years 
ago. “It’s more expensive than what we can do and 
you don’t know what you’re getting.”

The message: we are the professionals; we know 
what we’re doing. You don’t.

The other unspoken word: we want to own the 
solar power generation in Florida and we’ll sell 
it to you. “Florida homeowners, our technology-
averse customers and profit source, trust us — we 
will take care of the mysterious technology for 
you.” (not an actual quote).

By 2015, all of the good feelings about rooftop 
solar electricity and net metering from Florida 
utilities vanished. As residential PV installations 
exploded in places like Arizona and Hawaii, both 
the research and the solar industry ran head on 

against contrary perspectives from investor-
owned utilities about supposedly expensive solar.

Surprise! In early 2017, FPL performed a complete 
about-face and announced plans for numerous 
solar plants in its service territory, and those have 
grown since then. While this is indeed good news, 
it is important to realize that Florida’s utilities 
have two faces relative to solar electric power1.

The rise of low-cost rooftop solar has placed at risk 
the utility business model cash cow in many parts of 
the U.S. To begin with, when consumers install their 
own home solar system, the potential stall in utility 
load growth will necessarily slow the rate at which 
new generation facilities are justified — or even 
halt them altogether. It all depends on numbers, 
population growth, and the rate of adoption.

With a large groundswell in homes generating their 
own electric power, the IOU investors, accustomed 
to dependable earnings, can lose the ability to 
profit off of the avoided new utility generation. 
Offset profit goes to the rooftop homeowner 
instead. Moreover, the homes with solar installed 
buy less electricity and a portion of the years-long 
revenue stream to the utilities is lost as well. Those 
monies go instead to the happy homeowner, with 
a much lower electric bill.

The rise of low-cost rooftop solar 

has placed at risk the utility 

business model cash cow in many 

parts of the U.S.

 1 It is important to differentiate Florida’s municipal utilities. For instance, OUC (Orlando Utilities Commission) has very progressive utility programs 
looking to help Orlando citizens expand access to rooftop solar and improved efficiency. Also, until the great Florida efficiency program contraction 
in 2014, Gulf Power Company and Duke Energy Florida had effective efficiency programs. Today Duke Energy in the Carolinas still has strong 
efficiency programs, largely due to more effective regulatory leadership.

https://cleantechnica.com/2020/09/06/solar-pv-panels-were-12x-more-expensive-in-2010-459x-more-expensive-in-1977-tesla-solar-cost-lowest/
https://www.costofsolar.com/
https://www.costofsolar.com/
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Finally, with “net metering,” whereby homeowners 
are compensated at retail electric rates, the 
situation changes the utilities’ past customers 
into business rivals. The homeowners not only get 
the savings, but also the profits. Not surprisingly, 
that vision looks lethal to traditional utilities. In 
a seminal report to its membership, the Edison 
Electric Institute (EEI) warned that rooftop 
solar could devastate the industry, potentially 
resulting in “irreparable damages to revenues and  
growth prospects.”

Utility political activism has been exemplified by 
the high cash lobbying activism of the American 
Legislative Exchange Council (ALEC), a front 
sponsored by the fossil-fuel profiting Koch brothers. 
Over the last several years, ALEC has carried out a 
stealthy and well-funded campaign against rooftop 
solar. That campaign was quietly successful in 
Florida. “We live in the Stone Age in regard to 
renewable power,” said Rep. Dwight Dudley, a former 
ranking Democrat on the energy subcommittee in 
the Florida House. “The power companies hold sway 
here, and the consumers are at their mercy.”

In 2016, all of the competing interests came to 
blows. First, the Florida IOUs successfully lobbied 
to crush a citizen-led effort to open Florida to 

solar competition through third-party sales as 
exemplified by the operations of SolarCity and its 
competitors. Then, the utilities composed their 
own deceptively worded Amendment 1 to appear 
on the 2016 ballot — an amendment that sounded 
friendly to solar, but would, in fact, give utilities 
leeway to slap on increased charges for rooftop 
installations. Despite $29 million spent promoting 
the amendment — $1.50 per man, woman, and 
child in the state — word leaked out as to why it was 
on the ballot and the ulterior motives of utilities 
seeking to undermine rooftop solar generation.

The amendment failed to pass in the election of 
November 2016.

Floridians want rooftop solar, the  Florida investor-
owned utilities do not.

While the utilities may have lost a battle with 
Amendment 1, the greater war continues. At the 
same time, each of the Florida IOUs are now 
building large utility-scale solar installations. 
So the conflict is not so much about renewable 
energy as it is about who will own it.

Moreover, the war is not only about rooftop 
solar, but about the energy efficiency of Florida’s 
buildings and equipment as well. Why does that 
matter?  We’ll see shortly.

http://roedel.faculty.asu.edu/PVGdocs/EEI-2013-report.pdf
http://roedel.faculty.asu.edu/PVGdocs/EEI-2013-report.pdf
https://www.rollingstone.com/politics/politics-news/the-koch-brothers-dirty-war-on-solar-power-193325/
https://cleantechnica.com/2016/10/20/florida-utility-industry-deceiving-voters-amendment-1-leaked-audio/
https://cleantechnica.com/2016/10/20/florida-utility-industry-deceiving-voters-amendment-1-leaked-audio/
https://cleantechnica.com/2016/10/17/florida-utilities-tricky-hell-amendment-vote-no-november-8/
https://cleantechnica.com/2016/10/17/florida-utilities-tricky-hell-amendment-vote-no-november-8/
https://cleantechnica.com/2016/10/17/florida-utilities-tricky-hell-amendment-vote-no-november-8/
https://cleantechnica.com/2016/11/19/power-pen-grassroots-media-mass-media-anti-solar-amendment-1-blocked-florida/
https://cleantechnica.com/2016/11/19/power-pen-grassroots-media-mass-media-anti-solar-amendment-1-blocked-florida/
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Learning How Florida  
Homes Work

4.
The Florida Solar Energy Center is Florida’s 
independent energy research institute and part 
of the University of Central Florida. We are a state 
energy research laboratory and I’d argue that our 
efforts have been unparalleled in experimentation 
and measurement of energy efficiency and 
renewable energy technologies applied to  
housing in Florida. Homes are key to the energy 
picture in Florida since more than half of the 
total state electricity consumption is used in 
the residential sector: 118,453 GWh in 8,786,683 
households in 2016.

Since the 1990s, our institution has enjoyed 
a very productive research relationship with 
Florida Power and Light Company. We have 
also experienced a very beneficial research  
relationship with Florida Power Corporation 
(FPC) and what is now Duke Energy Florida. In 
the late 1990s, with FPC, we studied how radio-
dispatched demand load control could reduce 
utility system peak demand in over 200 homes 
that were monitored.

We also a evaluated a gallery of efficiency 
measures, such as attic radiant barriers and air 
conditioner replacement for potential Demand 
Side Management (DSM) programs.

http://www.fsec.ucf.edu/en/
http://fsec.ucf.edu/en/publications/html/FSEC-PF-369-02/index.htm
http://fsec.ucf.edu/en/publications/html/FSEC-CR-1231-01/index.htm
http://www.fsec.ucf.edu/en/publications/html/FSEC-PF-379-04/index.htm
http://www.fsec.ucf.edu/en/publications/html/FSEC-PF-379-04/index.htm
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Site #10 HVAC Retrof it. May 31, 2013
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Figure 2, 3: Aging air conditioners with newer high efficiency models are demonstrated to greatly reduce measured cooling 
energy consumption. Source: FSEC
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Often with cooperative funding from the U.S. DOE, 
we learned a lot about how to cut energy use in 
Florida homes relative to a variety of issues.

Residential End Use Loads: FPL PDR Project Monitoring 2013 
n=45 Avg Home: 43.7 kWh Day: 15,940 kWh/year

HEATING 0.75 274

REFRIG 2.37 865

DRYER 2.01 734

POOL-PUMP 3.19 1,164

16.11 5,880COOLING

1.07 391REFRIG 2

0.75 274RANGE

3.34 1,219SPARES

4.82 1,759DHW

1.71 624MAINTV

0.29 106DISHWASHER

3.67 1,340LIGHTING

43.66 15,936

3.58 1,307PLUGS & FANS

END-USE KWH/DAY KWH/YR

Heating 2%

Cooling 37%

DHW 11%Dryer 5%2% Range

1% Dishwasher

5% Refrig

2% Refrig 2

4% Main TV

7% Pool-pump

8% Spares

8% Lighting

8% Plug & Fans

Figure 4: Measured energy end uses in Florida homes in 2013 from the PDR Project Monitoring. Source: FSEC
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Categorized as demand side management 
research in the 1990s, we evaluated many 
promising technologies and also measured how 
electricity was used in homes. Perhaps most 
importantly, in 2012, we began a project with 
both U.S. DOE and FPL called the Phased Deep 
Retrofit Project (PDR).

In the PDR project beginning in 2012, we monitored 
60 homes in Central and South Florida in great 
detail (minute data) and with copious data on 
the homes and their energy using systems. Then, 
over a period of two years, various retrofits were 
installed in the homes — both easy (shallow) and 
extensive (deep) as well as evaluation of various 
advanced energy-efficiency technologies. For this 
project, we learned extremely significant lessons 
about how to really cut energy use in Florida 
homes, which we will cover in greater detail in 

future columns. The short of it: saving 9–10% of 
energy use in Florida homes is easy and cheap. 
Saving an average of 40% of energy use in existing 
Florida homes is more expensive, but still cost 
effective if approached in a staged fashion when 
equipment and systems need replacing.

As seen in Figure 1, air conditioning (cooling) is 
the largest electrical end use in Florida homes. 
Accordingly, over the last three decades, FSEC 
has gathered unique information on what drives 
cooling loads in Florida houses. In very detailed 
field monitoring done with FPL, we discovered, for 
instance, that reflective white colored roofs in the 
state could cut space cooling by 15–20%. And this 
information was so valuable that it led to roofing 
manufacturers creating cool colors and also made 
provision in the Florida code to assist homes 
looking to improve efficiency.

Figure 5: Three of the test homes for the FPL roof research project.

http://www.fsec.ucf.edu/en/publications/pdf/FSEC-RR-510-14.pdf
http://www.fsec.ucf.edu/en/publications/pdf/FSEC-RR-510-14.pdf
http://www.fsec.ucf.edu/en/publications/pdf/FSEC-PF-470-17.pdf
http://www.fsec.ucf.edu/en/publications/pdf/FSEC-PF-470-17.pdf
http://fsec.ucf.edu/en/publications/html/FSEC-CR-1220-00/index.htm


31

And that success for improved energy efficiency 
from reflective roofs contrasted with the research 
topic almost everyone associates with efficiency 
— added wall insulation. That popular efficiency 
target showed air conditioning savings of only 
about 5% in spite of very careful pre- and post-
monitoring.

Within the research, we were able to see why  
— roofs and attics get very hot from exposure to 
the Florida sun and also contain the cooling ducts 
which gain lots of heat from the attic. Walls, on the 
other hand, receive less sun and often are shaded 
by trees, landscape, and other buildings, such 
that realistic savings from lots of wall insulation 
in Florida is quite limited. The thermal driving 
forces on walls are much lower. At the same time, 
we learned that having ducts in a Florida attic is 
an engineering disaster. This doesn’t take much 
thinking: you cool down air to 55°F, then pass it 
through a spreading octopus of R-6 ducts in an 

attic that reaches 120°F — 20–30% of the cooling 
is lost before it even reaches the registers in the 
ceiling. Tragic.

However, we did show — as reflected in the state’s 
building codes — roof solar reflectance really 
matters and matters a lot. And so do interior 
ducts — get the ducts out of the attic or find a 
cooling solution that does this (multi-split heat 
pumps). In fact, recent research has shown that 
adding a supplemental very high-efficiency mini-
split heat pump to an existing central AC system 
can save 33% of cooling from that one change. 
Moreover, it is possible to purchase such systems, 
up to 17 SEER — powered by 120 volts. (The 240 
volt mini-splits are up to SEER 33! See the Fujitsu 
9RLS 34.) These are available from Home Depot 
for as little as $730. Thus, with a generator or 
batteries with rooftop solar after a hurricane, it 
would be possible to provide precious cooling 
continuously.

Ceiling Ducts Walls Windows Infiltration DoorsLights & Appliances

14%17% 19%17% 3%

10%25%

26%18%

20%

12%20%

Heating: 274 kWh Cooling: 5880 kWh

Figure 6: Simulation Analysis of Components for Heating and Cooling in a Typical Central Florida Home.
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Figure 2 shows an analysis we did of a typical 
existing Florida home in Central Florida that would 
be similar to the monitored PDR homes. The twin 
pie charts show the simulated annual heating 
and cooling loads for the building by specific 
component: walls, windows, ceilings, doors, air 
leakage, and duct distribution system. The chart 
for heating is much smaller than for cooling, 
reflecting that the magnitude of air conditioning 
energy needs in Florida are more than 10 times 
those for heating. Note for cooling that ceiling 
heat gains and that to the duct system counts for 
more than a third of total air conditioning needs 
while walls (which everyone tends to focus upon) 
are only about 10%. This would indicate that the 
retrofit of added ceiling insulation and changing 
to mini-split air conditioning equipment which 
doesn’t suffer duct conduction or air leakage 
would likely save a lot as described above.

At the same time, windows are about 20% for both 
heating and cooling. Although we have learned that 
better windows can save energy, there are real limits 
to what can be saved by the technology of windows 
and the need for good visible transmittance. Exterior 
shading is always more effective than relying only 
on the glazing properties.

One often overlooked facet seen above is that 
heat gain from interior appliances is responsible 
for 20% of cooling needs. It is one of the largest 
cooling load components. Whereas heat from 
people and appliances in a cold climate provides 
much of the space heating needs, in hot climates 
it is opposite. Heat from less efficient lighting 
and appliances adds to air conditioning loads. 
Moreover, it can be shown that as insulation is 
dramatically increased, this problem becomes 
greater.  Appliance heat gains in superinsulated 
buildings can lead to overheating under mild 
outdoor conditions. Of course appliance heat 
gains cut both ways, but in Florida we have little 
heating needs to suffer the downside of reduced 
interior appliance heat.

Given our very beneficial relationship with the 
Florida utilities, we began to learn about one 
technology after another that might help overall 
household efficiency: reflective roofs, better 
insulation, energy-efficient lighting (LEDs), variable 
speed cooling systems, better duct systems, smart 
thermostats, more efficient refrigerators, more 
efficient clothes dryers, and cutting “phantom 
loads” from stuff plugged in but not doing much 
other than using power while sitting idle.

Figure 7: Incandescent lighting like 
this over a bathroom vanity is not 
only inefficient, it releases all of its 
electricity use in the form of heat inside 
the home that then must be removed 
by the air conditioning system. The 
PDR project found that low energy 
LED lighting could provide much lower 
electricity use as well as superior 
illumination. Source: FSEC
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Then the idea: after a lot of meaningful individual 
evaluations, what if rather than evaluate one 
technology and the next, we combined them 
all at once? What would happen to energy use? 
The computer simulations said it would drop 
to astoundingly low levels — a fact explored in 
Europe at about the same time with the Passivhaus 
concepts.

During the early 1990s, Jim Dunlop (who was 
studying residential photovoltaics) and I started 
to look at the idea of optimized extremely efficient 
building envelopes and equipment when mated 
with solar PV power production — a technology 
that was just new and nascent at that point. Not 
only did we show that this might be possible, 
but in 1998, we built two side-by-side homes in 
Lakeland, Florida, with exactly the same floor plan 
but differing (only) in the equipment, envelope 
measures, and systems. Beyond demonstrating 
nearly net-zero electrical requirements when 

evaluated over the year, we found the gallery of 
technologies reduced space cooling by more than 
70%! This was a big moment — the birth of “Zero 
Energy Homes” that later became a full-scale 
program for the U.S. Department of Energy and 
continues even today.

We showed that with high levels of efficiency, with 
conventional Florida houses, it was possible to 
build homes that had such low electricity needs 
that the solar PV on the roof of the homes could take 
care of the remainder of the annual requirement. 
And development over time of distributed (or 
site) electrical storage foretold the possibility of 
largely energy-autonomous neighborhoods. We 
further examined using the building’s thermal 
capacitance to shift peak loads. Very detailed 
data were collected on the buildings, which then 
served as a role model for NREL’s new Zero Energy 
Home Program.

Control House PVRES House

Figure 8: PVRES home and its sister control home just a block away. Measured cooling energy demand was reduced by more 
than 70% by efficiency measures. The 4 kW of PV installed on the building roof allowed the home to reach annual  
net zero energy use status in 1999. Source: FSEC



34

The project was an oft cited success — although, 
one seldom duplicated in Florida until recently.  
Of course, these have been built for some time in 
progressive California.

Yet, how to get this kind of success moving ahead 
in Florida’s housing? Retirees dominate here with 
no state or utility efficiency incentives, and PV 
at the time was very expensive. Not surprisingly, 
there was a lot of interest, but not many copies. 
Although, through the U.S. Department of Energy’s 
Building America program, we did continue the 
research.

But what about the millions of single-family homes 
throughout Florida that gulp power all summer?

Seeing the success of the Zero Energy Homes 
concept, I began altering my own 1957 vintage 
home in Cocoa Beach. Could I do something 
similar even with an existing home? By patiently 
changing systems and equipment and improving 
the house envelope over the years, we were able 
to show that not only was net-zero energy possible 
over the course of a year, but I could also add  
a plug-in hybrid electric automobile (Chevy Volt) 
and still be at net zero. We composed a detailed 
report showing how I did the whole thing.

Utility & Retrof it History for Parker Family Cocoa Beach, 1989–2013
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How I accomplished this is clearly shown by years  
of recorded data at our home showing how 
electricity use has been reduced with efficiency 
and then increased by such things as remodeling 
and adding rooms and appliances for growing kids.

We eventually added a second plug-in hybrid 
electric vehicle — a Ford C-Max Energi for my wife, 
Lisa. Then, since this report was originally written,  

I traded in my Chevy Volt for a Tesl Model 3. My home 
has not been a laboratory, but a real household of 
four with two kids. Still, we showed how to reach 
net-zero annual energy in a very difficult climate 
in an old Florida house. It was done by balancing 
efficiency and renewable energy and carefully 
selecting equipment. Daily data on the home 
performance is still available: http://infomonitors.
com/dpr/

Figure 10: Parker low energy home; 
white reflective roof, exterior 

insulation over 1957 vintage masonry, 
lowconductance solar control windows, 
solar water heating system, and 6.5 kW 
PV system. Pool is pumped by small DC 
powered system. Cooling from ductless 

mini and multi-split heat pumps.

Moreover, you can end up with a home better  
able to maintain comfort long after power 
interruption after major storms. I did it; so it must 
be possible.

Why aren’t more households doing it? Rather  
than just a paper study, why not use the findings 
from something like the Phased Deep Retrofit 

project to profoundly improve the energy 
efficiency of Florida’s housing?

In the next segment, we’ll explore how the 
potential benefits for consumers get lost and 
what might be done to move things in a better 
direction.

http://infomonitors.com/dpr/
http://infomonitors.com/dpr/
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Praising Energy Eff iciency. 
Then Killing It.

5.
What are the energy efficiency prospects for the 
public at large in electricity-intensive Florida? 
Given its poor efficiency position relative to 
California, wouldn’t it benefit from a big effort?

Yes, it would, but...

One would think that the state Public Service 
Commission (PSC) would help protect the future 
of Florida’s citizens by helping with energy 
efficiency and renewable energy options. Not 
only does this five-member commission set 
all the electric rates in the state, but it also 
reviews and directs utility plans for the future 
to help provide the lowest cost energy services 
in the state. Logically, those utility plans would 
include effectively helping consumers to improve 
the efficiency of their homes and improve the  
amount of electricity that might be cost  
effectively produced by the sun or other clean 
sources. But as we shall see, this is not the case.

Unfortunately, the Florida PSC, according to  
a consumer watchdog agency, Integrity Florida, 
is now a “captured agency1,” meaning that the 
commission is now effectively controlled by the 
utilities that it supposedly regulates. While before 

1978 the five members of the commission were 
voted upon, the members are now appointed 
by the governor of Florida, an office long held 
by Republicans who are more than happy to put 
foxes in charge of henhouses.

Once upon a time, things were going in a better 
direction. In 2009, a major change took place within 
Florida’s PSC, which is tasked with regulating the 
state’s power producing monopolies – the state’s 
investor-owned utilities (IOUs). In that year, the 
Total Resource Cost (TRC) test, rather than the 
Rate Impact Measure (RIM) test, was adopted 
in Florida as the primary instrument to screen 
efficiency measures — referred to by the utilities 
as Demand Side Management (DSM) measures. 
This resulted in much larger efficiency targets for 
the utilities.

What might be a method to help average 
Floridians reach high levels of energy efficiency in 
their homes, so that they might contemplate, as  
I did, to create enough electricity to offset annual 
electricity requirements? Could they do it much 
easier and take advantage of what they had?

1 “[the captured agency]…often leads to decisions that are not in the best economic interest of Florida’s families and businesses...” “Florida’s ‘Pub-
lic Service’ Utility Commission?  A Captured Regulatory Agency,” Alan Stonecipher, Brad Ashwell and Ben Wilcox, Integrity Florida, www.integrity-
florida.org, October 2017.  Also:“Reduce the power of state’s utilities,” Editorial Board, Orlando Sun-Sentinel, 6 October 2017.

http://www.integrityflorida.org
http://www.integrityflorida.org
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Figure 1: The ceiling insulation in many older Florida homes is woefully inadequate. The insulation in Florida homes should 
be brought up to at least R30 and preferably R38 or more to reduce both cooling and heating needs Poor cellulose insulation 
(R-11) in one evaluated home (left). Right: 30 fiberglass batts. Source: J. Montemurno: FSEC

Thinking about these challenges with the U.S. 
Department of Energy, we conceived a phased 
approach towards energy efficiency. And rather 
than a single home, we would do it in a sample. The 
first hurdle would be to choose a real sample of 60 
houses that we would monitor in unprecedented 
detail. Then, we would audit all of these houses to 
obtain information on specific appliances, heating 
and cooling, and the water heating system.

To be sure, these were programs that helped 
consumers to better insulate their attics and to 
purchase more efficient air conditioners and 
higher efficiency water heaters. And each of 
these elements in their public energy efficiency  
programs had been tested, monitored, and 
evaluated — and found to save consumers 
both energy and money2. FPL focuses on RIM 
as the primary screening method to decide 
if efficiency measures are worth doing — as 
illustrated in the very knowledgeable volume 
on the subject written by Dr. Steven Sim, who 

works on Integrated Resource Planning (IRP) 
for the company3. It is worth noting that Florida 
is the only state to still use RIM as its primary 
efficiency measure screening tool. However, it is 
also noteworthy that Sim with FPL has developed 
further, more elaborate screening tests for DSM 
measures — called the E-RIM and E-TRC — that 
incorporate a value for carbon-related emissions 
relative to measures. The idea is that the utility 
and PSC should be ready to examine how  
a price on carbon might impact decision making. 
Although not used by the Florida PSC, it can be 
seen that when a price for carbon is instituted, 
the E-RIM results become very similar to results 
coming from the TRC. In any case, with E-RIM and 
E-TRC, Sim and FPL have been looking ahead. Yet, 
given lack of guidance from the PSC, these future-
pointed tools are not in use, so we are left with  
RIM alone.

A quick way to see how RIM can give perverse 
results is to consider its objective — to result 

2 The author participated in a number of these evaluations for Florida utilities, although with reports that remain proprietary.
3 Steven Sim, Electricity Resource Planning: Economics, Reliability and Decision Making, CRC Press, December 2011.



38

in the lowest cost electricity rate regardless of 
what it takes. For instance, even if a technology 
was found to have a negligible incremental cost 
and would provide potentially large customer 
savings, it would still fail RIM, as the average 
costs of generated electric power ($/kWh) would 
often go up for non-participants! So, RIM would 
say that a technology that cut the consumption 
of all households by 10% would drive up the cost 
of each kWh unit of energy because the suite of 
generation facilities are sunk investments. 

Indeed, the RIM test would suggest that efficient 
LED lighting should have never been developed 
since non-participants use incandescent lighting. 
Similarly, if everyone was still using refrigerators 
using 2000 kWh per year, the costs of providing 
the greater amount of electricity consumed in 
Florida would reduce the electricity rate. And 
RIM would celebrate that inefficiency. In short, 
the RIM test creates perverse, anti-efficiency, 
counter-progressive results. As implemented, 
it is a persuasive incentive to implement more 
stringent national appliance and lighting  
efficiency standards.

According to RIM, a better technology might be 
one that actually increased consumption while 
substantially dropping peak demand. The cost per 
delivered kWh would go up unless there was no 
fixed cost to the generation facilities. The TRC test, 
however, might appropriately estimate that the 
cost of providing energy to all households would 
be the appropriate measure rather than the cost 
per unit energy.

For utility planning around the US, TRC is 
considered a more equitable test for society for 

energy efficiency measures. For instance, RIM 
tends to encourage measures that decrease 
consumption less while reducing the costs 
of peak generation. By contrast, TRC may 
encourage the utility to explore measures within 
its service territory that may meaningfully cut  
consumption.

As it turned out in Florida, however, after using 
TRC for one of its utility screening tools since 
2009, in 2015, the PSC agreed with FPL in deciding 
that RIM was the most appropriate screening tool 
to evaluate energy efficiency measures in the state 
— a decision that mathematically dooms many 
efficiency measures in the state. Reason?

The PSC claimed the TRC test used in 2009 to set 
FPL’s goals caused too great a ratepayer impact 
– when in fact the public record shows that any 
impacts were less than a penny per month for 
typical consumers. “This recent history supports 
turning away from 2009’s failed experiment and 
returning to the fundamental rate impact and 
resource need considerations that have supported 
this Commission’s successful implementation of 
FEECA over decades,” according to the written 
opinion of the regulators.

FEECA is the Florida Energy Efficiency and 
Conservation Act, which was enacted in 1980 and 
directs Florida utilities to develop meaningful 
efficiency measures, plans, and programs. These 
are then subject to approval by the PSC. Thus, 
theoretically, FEECA helps consumers in Florida 
realize cost-effective energy efficiency. Practically, 
however, things are different.

https://www.utilitydive.com/news/showdown-at-the-psc-inside-the-battles-for-floridas-energy-future/343706/
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5.1 Utilities: Eff iciency Is No 
Longer Cost Effective, but 

Gas Exploration Is…

The unspoken Florida utility complaint regarding 
TRC was that its screening would greatly increase 
the number of evaluated efficiency programs that 
would be found to be cost effective for Florida 
utilities to implement. And those efficiency 
programs could cut both kWh sales and revenue 
to the utilities as well as undercut justification 
for new generation facilities that are the key 
element to utility profits. Typically, when built 
and approved, power plants are assured a rate 
of return on investment for the IOU of about 11% 
whether or not the power is needed.

According the logic of the RIM measure test, FPL in 
November 2014 claimed no further cost-effective 
efficiency was available in the state. FPL also 
cast it another way: even if some measures were 
cost effective, they are only going to implement 
as much demand reduction as their Integrated 
Resource Planning model indicated they needed. 
Yet, how could so much new generation be needed 
within that plan while DSM and efficiency was 
not? Stephen Smith, the executive director with 
the Southern Alliance for Clean Energy (SACE), 
commented on the seeming contradiction.

FPL claimed in this docket that all the cost-
effective energy efficiency opportunities 
have been captured and more are not 

needed because their load demand is 
down, Smith said. In another docket, they 
say they need to build new gas plants and 
a pipeline and want ratepayers to pay  
for fracking.

How could it be both ways? If load growth is 
low in Florida — as it has been (per household 
consumption fell 1% from 2015 to 2016) — then 
it would seem that the justification for building 
additional generation facilities would be flawed.

In any case, in December 2014, the Florida PSC 
allowed FPL to invest $191 million in a joint venture 
with PetroQuest to drill for gas in Oklahoma’s 
Woodford Shale region. Later, PSC regulators 
allowed FPL to ramp up the investment to $500 
million a year — equivalent of $100 per customer, 
at the same time energy efficiency was being 
gutted for the consumer. Ostensibly, the rationale 
for investment was to lock in low gas prices at 
the wellhead and hedge against future gas rate 
volatility. This is a backdrop to the installation of 
three new natural gas power plants representing 
3.8 GW of capacity. Unfortunately, the exploration 
investments lost money, at least initially — $6 
million dollars — and in 2016 the Florida Supreme 
Court ruled 6-1 that the PSC had overstepped its 
authority in allowing such investments.

http://www.psc.state.fl.us/library/filings/2014/01476-2014/01476-2014.pdf
http://www.psc.state.fl.us/library/filings/2014/01476-2014/01476-2014.pdf
https://cleanenergy.org/blog/why-the-pitchforks-are-coming-out-in-florida/
https://www.utilitydive.com/news/florida-utilities-want-ratepayers-to-foot-the-bill-for-gas-exploration/339857/
https://www.utilitydive.com/news/florida-utilities-want-ratepayers-to-foot-the-bill-for-gas-exploration/339857/
https://www.utilitydive.com/news/fpl-fracking-bill-dies-in-florida-house-committee/441722/
https://www.utilitydive.com/news/fpl-fracking-bill-dies-in-florida-house-committee/441722/


40

What eventually happens seems uncertain, but 
the fact that Florida IOU efficiency programs are 
gone is undeniable.

How did TRC vs. RIM assessments come out? RIM 
clearly rubbed out some efficiency programs, 
while TRC pushed them ahead.

Smith was acrimonious regarding FPL, “an 
arrogant monopoly institution that has captured 
the PSC. It is arrogantly out of control and taking 
advantage of a broken system where there is not  
a functioning regulatory body to oversee them.”

Within two years, the IOUs in Florida pushed back 
hard against the new targets, citing potential 
increases in average bills as their rationale. However, 
commentary on the submitted revisions by SACE 
claimed that the costs for delivering efficiency 
measures were exaggerated in the filing4. Moreover, 
the average increase in utility bills was pennies a 
month from running the new programs – if that.

Since 1990, FPL has included a Conservation 
Research and Development Program (CRD) as part 
of the DSM Plan each IOU files with the PSC every 
five years. Prior to FPL’s most recent DSM Plan 
filing, the requested and approved budget for 
energy efficiency and demand reduction research 
projects had been $3 million over five years or 
an average of $600,000 per year with which FPL 
had done some outstanding research projects 
on efficiency measures such as variable speed 
pool pumps, heat pump water heaters, mini-split 
heat pumps, energy recovery ventilation, hotel 
occupancy controls, and technologies designed 
to improve the efficiency of existing supermarket 
air conditioning and refrigeration equipment.

However, in their last DSM Plan, FPL cut the 
requested budget for research in new technologies 
in half for the next 5-year planning cycle. This 
change seemed to go unnoticed by the PSC and 
intervenors in the last DSM Plan docket. Given 
that FPL has nearly 5 million customers, the bill 
reduction customers see from the budget change 
amounts to just half a penny per month per 
customer. Under those circumstances, it’s hard to 
imagine FPL’s customers would support slashing 
energy efficiency research activities, most of which 
was performed by university organizations right 
here in the state, and some of which received 
approximately three times matching dollars from 
the US Department of Energy. Truly penny wise and 
pound foolish.

Every 5 years, FPL’s Craig Muccio would request  
a research budget with which to do Florida-
specific demand and efficiency research. Before 
2012, that budget had been had been $3 million 
over five years, or an average of $600,000 per year, 
with which FPL had done some terrific research. 
They showed that variable speed pools were 
tremendous energy savers. One third of Florida 
homes have pools, with pool pumps typically 
requiring 3,000 — 4,000 kWh of electricity per 
year! FPL studies both by FSEC and the University 
of Miami showed these pumps typically cut pool 
energy consumption by 80% — a savings to 

4 These were: Docket No. 100160-EG (Progress Energy Florida) and Docket No. 100155-EG (Florida Power and Light). http://www.psc.state.fl.us/
Home/NewsLink?id=686

One third of Florida homes have 

pools, with pool pumps typically 

requiring 3,000 – 4,000 kWh of 

electricity per year!

https://www.utilitydive.com/news/florida-lawmakers-move-to-prevent-collusion-between-utilities-regulators/351011/
https://www.utilitydive.com/news/florida-lawmakers-move-to-prevent-collusion-between-utilities-regulators/351011/
https://www.utilitydive.com/news/florida-lawmakers-move-to-prevent-collusion-between-utilities-regulators/351011/
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consumers of more than a $1 each day.  FPL also 
evaluated an ideal water heating technology for 
Florida: heat pump water heaters that cut energy 
use by greater than 65%.  More recently, with 
DOE and FPL combined funding, we showed that 
ductless high-efficiency mini-split heat pumps 
can cut home air conditioning energy by 34%.
However, in 2012, FPL informed Muccio that the 
budget was being cut to $1.5 million to help reduce 
rates. Given FPL had over 4 million customers, the 
“rate reduction” being touted amounted to less 
than a single penny per month per customer.

Further, these cuts — slashing ability of the utility 
to keep up with technological progress on the 
demand side — came at a time when real DSM-
related research needs were on the horizon — 
most notably, next-generation air conditioning, 
electrical storage, electric vehicles (including 
vehicle-to-grid), and the internet of things (IoT), 
all of which look to transform appliance electrical 
demand. Within our very successful Phased Deep 
Retrofit (PDR) project, we had also requested an 
effort to examine each of these things as well as to 
look at how rooftop stand-off solar panels might 
affect attic conditions and building cooling needs 
— a particular poorly researched topic and one 
with direct relevance in hot Florida.

In July 2014, in accordance with the statutorily 
mandated 5 year review, the Florida PSC revisited 
the efficiency goals set out in the Florida Energy 
Efficiency and Conservation Act (FEECA). In 
November of that same year, the regulators 
significantly rolled back state energy efficiency 
goals, largely siding with FPL, Duke Energy Florida, 
and Tampa Electric Company. The efficiency 
consumer programs in each utility were largely 

gutted after a heated debate between the state’s 
utilities and advocates led by the Sierra Club, the 
Southern Alliance for Clean Energy (SACE), and 
the Environmental Defense Fund (EDF). How did 
the PSC justify the move?

The PSC justified the sharp change of direction by 
abandoning the TRC test used to qualify efficiency 
programs since 2009 and switching back to the 
more stringent RIM test. There also had been 
underlying changes in the generation side of the 
picture that tended to disadvantage efficiency 
measures. Modern combined cycle power plants 
are more efficient than those in the past, with up 
to 55% of the energy in natural gas converted to 
electricity (6,130 Btu/kWh). And fracked natural 
gas has dropped from $6/million Btus to around 
$3.50 as of the time I write this. Thus, the cost 
effectiveness of modern generators which compete 
with potential efficiency resources in outlying 
years is understandably more competitive.

http://www.fsec.ucf.edu/en/publications/pdf/FSEC-PF-470-17.pdf
http://www.fsec.ucf.edu/en/publications/pdf/FSEC-PF-470-17.pdf
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There were other factors in the decision by 
the Florida PSC used as justification to agree 
to largely eliminate IOU efficiency goals, but 
underlying all of them was the astonishing drop 
in household electrical load growth in the state. A 
good part of this came from the recession of 2008, 
where the influx of US population migration to 
the state slowed, but if Florida utilities expected 
a rebound with renewed prosperity in 2011, the 
higher demand never came back. The actual per-
residential-account Florida energy use as reported 
to the Energy Information Association has been 
essentially flat since 2010. Why? In its “Ten Year 
Site Plan,” FPL laid the blame on the profound 
effect of federal standards for appliance and 
lighting efficiency. And in our Phased Deep Retrofit 
research project done for FPL in 2012–2013, our 
monitoring results agreed and even showed the 
mechanism of the flattening demand.

Changing the efficiency of lighting and appliances 
in Florida homes affects the energy use picture in 
the cooling-dominated state much more than in 
other locations. This occurs because the energy 
reductions to released heat inside the home lead 
to further reductions to measured air conditioning.

Yet, the IOU response to falling demand was 
dramatic: eviscerate the efficiency programs now.

The unspoken motivation: without higher demand, 
we won’t be able to argue for building more 
generation resources that are our greatest source 
of profit.

During the proceedings that followed, SACE 
presented data from Natalie Mims and George 
Cavros claiming that a 1% GWh reduction plan 
for the Florida utilities would result in more than 
a $100 reduction in the average bill for a typical 
Florida ratepayer by 2024 against the FPL plan. 

This was reflected in the SACE post-hearing brief 
where it claimed its proposed plan had lower 
consumer present value cost (CPVRR) than any of 
the FPL plans.

Left unsaid, however, was that the TRC and the 
higher levels of efficiency justified are particularly 
counter-productive for utility shareholders — 
as energy sales drop, so does the need to more 
rapidly build future generation resources that are 
an important source of IOU revenue and profits. 
Meanwhile, FPL claimed in the resulting docket 
that all cost-effective energy efficiency options 
had already been achieved.

We were amazed at how aggressive 
the utilities were in reducing their 
commitments to energy efficiency, 
commented SACE director Stephen 
Smith. It was a difficult and hostile 
proceeding because they had no interest 
in advancing meaningful goals.

However, at the same time that they slashed 
efficiency investments, in an immediately 
following docket, FPL claimed it needed to build 
new combined cycle gas plants! And it filed another 
seeking to spend $750 million from ratepayers 
to pay for exploration for lower-cost fracked gas 
exploration in Oklahoma. At the same time, other 
submitted Florida IOU dockets indicated that 
relying on the RIM test to screen measures resulted 
in benefits to utilities — for instance, $47 million 
in the case of Duke Energy Florida. Meanwhile, 
within the residential RIM evaluation conducted 
by Duke Energy Florida, the costs associated with 
lost revenues to the utility were 77% of the total 
efficiency measure costs. Thus, lost revenues 
served to doom or substantially compromise 

https://www.utilitydive.com/news/showdown-at-the-psc-inside-the-battles-for-floridas-energy-future/343706/
https://www.utilitydive.com/news/florida-utilities-want-ratepayers-to-foot-the-bill-for-gas-exploration/339857/
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many potential measures. Moreover, a large part of  
these costs are the difference between the 
wholesale and retail electricity rates — a slight 
of hand that describes lost utility profits that are 
transferred to program participants.

In any case, the lost revenue issue is so  
fundamental to its discouragement of technologies 
that improve energy efficiency that other states 
have made allowances to at least partially correct 
the problem. For instance, North Carolina has 
instituted a loss revenue adjustment mechanism 
which the Florida PSC would be wise to consider. 
For instance that move has resulted in greatly 
expanded efficiency programs by Duke Energy in 
the Carolinas vs. Florida.

Moreover, the obsession on electric rates is 
lopsided. Utility bills are a function of both 

electricity rate and absolute consumption. With 
energy consumption drops due to efficiency, bills 
decrease. However, the RIM evaluation test can 
have the perverse effect of suppressing many 
energy efficiency measures in the short run, 
which then will argue for the construction of more 
expensive power plants because the efficiency 
resources were never installed. For, the primary 
mover for RIM are low costs of electricity and not 
savings for those benefiting from the efficiency 
measures. The efficiency resources keep being 
rejected, new generators are built every few years 
to meet the increasing demand, and the threat of 
lost revenues remain only a threat as utilities and 
the Florida PSC keep the efficiency measures at  
bay and unimplemented. Essentially, Florida 
utilities worship low electric rates and not low 
societal energy costs, and they have the PSC 
backing them up instead of helping consumers.

5.2 How Florida’s Utility RIM 
Test Disadvantages Eff iciency

There is a fundamental weakness of the RIM test 
which I have never seen discussed: A touted 
advantage of RIM is that the lost revenues from 
not selling electric power from a constructed 
generator are taken into account. For instance, if 
a heat pump water heater (HPWH) — an excellent 
choice of Florida homes that I advocate for nearly 
everyone — is installed in your home, you will 
save about 1,300 kWh a year — worth about $145 

annually depending on the Florida utility. As the 
incremental cost of such a water heater is only 
about $1,000 over a standard, electric-resistance 
water heater, the unit pays for itself in fewer than 
6 years and saves the homeowner over a $1,000 
in avoided electricity use over its 12–15 year life. 
Thus, it passes the participant test (cost effective 
for consumer) with flying colors5.

 5 If the heat pump water heater is located inside utility rooms there are even more savings from avoided air conditioning as heat pump  
water heaters cool their surroundings – a perfect appliance for Florida. In fact, at FSEC, we measured the interaction of interior HPWH and found 
they could reduce cooling by about 5% – or another 300 kWh/yr. Even for the over half of installations that in Florida garages, few of those living in 
hot and humid Florida will complain of a somewhat cooler garage! http://fsec.ucf.edu/en/publications/pdf/fsec-cr-2050-16.pdf
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Figure 4: Changing an electric resistance water heater to a heat pump water heater (HPWH) cuts energy use by more than 65% 
and results in a cooler utility room or garage. AT FSEC, four different water heaters were changed out, showing the HPWH 
savings pre and post over 30 days. Source: FSEC
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For utilities, they also reduce the summer peak 
kW for heating hot water by about 0.2 kW per 
household, and reduce the winter peak by about 
0.6 kW. But in the RIM test, this reduction in annual 
utility costs for the homeowner becomes a loss 
to the utility that then must be spread over the 
cost of electricity for all customers to provide the 
necessary operating expenses as well as the missed 
company profits. Recently, for instance, the FPSC 
has granted FPL the equity proposition that their 
profits from operations and investments are 10.5%6 
– an excellent rate of return for investors. However, 
there is a key point on this issue never mentioned.

Those “lost revenues” from avoided efficiency 
are potential personal savings to the customers 
installing the efficiency measures. And most 
importantly, the utility’s customers do not get  
to share in the 10.5% rate of return that the utility 
will earn on its operations and construction 
of new power plants from not installing them.
As such, the computed lost revenues included 
in the RIM test might be devalued by the equity 
position of an IOU utility. Thus, in our example, 
the $1000 saved for each customer installing  
a HPWH as part of a hypothetical utility program 
is lost revenue to the utility. A case can be made 
that the actual computed lost revenue for the RIM 
calculation should be about $895 and not include 
the loss of profits to the utility. To turn the stick into  
a carrot for the utilities, another approach would be 
to compensate utilities for such efficiency measures 
installed such that they earn additional monies on 
the forgone profits from lost revenues to compensate 
for these losses. That might turn things around.

To be sure, this is not a profound change, but in 
many cases may be enough to justify measures 
that were previously rejected. RIM is sometimes 
called a “no losers” test, as it seeks to protect 
non-program participants from higher rates. 

Figure 5: Garage heat pump water heater set up to be ducted to 
the interior. This is shown in side-by-side testing experiments 
at FSEC where such an arrangement on an A.O. Smith HPWH 
was found to potentially reduce annual air conditioning by 

about 5%. Source: FSEC

6 In 2016 FPL sought to increase its return in equity from 10.5% to 11.5%. “Sparks Fly at FPL Rate Hike Public Hearing,” July 5, 2016, 
Cleanenergy.org.

As the test is often a more difficult hurdle to 
pass, particularly for measures that save a lot of  
energy, it is sometimes jokingly referred to as 
a “No Losers/No Winners” test. In particular, 
compensating the utilities for measures with strong 
certainty of savings for lost profits would likely 
lead to profound changes to utilities’ perspectives 
on efficiency improvements in Florida.

Thus, while Heat Pump Water Heaters pass 
the participant test by saving the household 
installing them a good amount of money each 
year, whether they pass the RIM test depends 
strongly on how much incentive is paid within 
the proposed utility program. It’s a little known 
fact that there are no hard and fast rules on how 
these incentives are set for utility programs and 

http://Cleanenergy.org
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7 Often the process seeks to establish the lowest incentive that will bring the RIM ratio to just above 1.0 while avoiding creating a pay back that is 
less than two years. 
8 Although 89% of FPL accounts were residential, operating revenues from sales were 55% indicating that the commercial accounts are often 
associated with much higher levels of consumption and revenue.

this facet can be manipulated to help measures 
pass or fail. Considering the $500 incentive used 
for higher efficiency SEER 16+ air conditioners as 
a utility incentive in Florida and given their $3,000 
incremental cost, a useful consistent incentive 
might be around 20% for analysis purposes7.

Florida’s rules also eliminate any measures that 
look so cost effective that they pay for themselves 
in less than two years. Of course, this leaves a lot 
of potential highly cost effective measures on the 
table that many consumers are not even aware 
of. In its deliberations on Florida utility plans, 
SACE has countered that the two-year payback 
limit should not be used for eliminating measures  
(a way of supposedly eliminating free ridership); 
that the TRC test should be used for screening 
measures; that a 1 GWh reduction goal should be 
established for the utilities; and that within that 
goal that increased saturation of rooftop solar 
should be considered.

While the utilities hide behind the justification  
that relying on RIM protects low-income 
consumers, the reality is that relying on RIM  
shields utilities from more efficiency measures 
that can significantly drop consumption for all 
consumers. And the two-year payback limit on 
measures, beyond reducing efficiency program free 
ridership, actually biases against many measures  
or low-income households. These include items 
such as lighting retrofits and hot water tank 
wraps that would significantly help that segment  
of society.

Beyond personal savings, there are other 
advantages for efficiency and rooftop solar 
generation in our Florida homes. When we use 
electricity to turn on lights, air conditioners, and 
electric water heaters, we utilize electrical energy 
coming from distant large electrical power plants 

across long distribution lines to feeder stations 
and then across the power poles that dot our 
landscape. New advanced combined cycle power 
plants are so efficient that 55% of the energy 
content of natural gas is effectively converted into 
electricity — remarkable engineering.

Trouble is that there are losses from that  
distribution of electric power over long lines of 
transmission cable, feeder stations, power line, 
and transformers such that, in the FPL service 
territory, an average of 7–10% of the electrical 
energy is lost in reaching the point of use across the  
service territory. Any apples-to apples accounting 
of the balance of either site energy efficiency 
or rooftop solar must take consideration of this 
inherent advantage reduction of distribution 
losses of distributed efficiency and generation, 
both for energy and for peak demand.

There are other advantages for energy efficiency. 
Whereas there are continuing arguments about 
net metering for site solar generation, the fact 
is that all site efficiency savings are inherently 
compensated at the retail electric utility rate, 
including taxes. Also, unlike the solar electric 
and wind resource, efficiency inherently reduces 
site electrical demand, most often in perfect 
synchronicity with the utility system peak.

Residential programs in Florida are especially 
powerful. This happens because residential 
electric demand is responsible for more than half 
of the Florida system peaks. Indeed, in 2016, 89% of 
FPL accounts were residential8, with the rest split 
between commercial and wholesale accounts.

As efficiency of energy use has a profound impact 
on demand, what prevents Florida from more 
fully realizing that potential? We’ll examine this 
in more detail in the coming chapters.

http://www.psc.state.fl.us/library/filings/2014/05548-2014/05548-2014.pdf
http://www.nexteraenergy.com/pdf/annual.pdf
http://www.nexteraenergy.com/pdf/annual.pdf
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Utility Planning Amid Falling 
Electric Demand

6.1. The Future of Clean Electric 
Power Generation in Florida

6.

For traditional investor-owned utilities (IOUs) 
in Florida, corporate policy remains keyed on 
maximizing electricity sales and effectively 
justifying construction of new generation  
resources that are a high source of profit for 
stockholders. As regulated monopolies, IOUs 
are guaranteed a profit by the public service 
commission (PSC) both for selling electricity and 
associated transmission lines, but particularly 
for building power plants. And Florida with its 
fast-growing population and thus expanding 
residential sector with high levels of cooling 
electricity use has guaranteed the need for 
new power plants. As such, the state has been  
a gold mine for its IOUs in the state — the average 
household spends nearly $2000 annually for 
electricity. With millions of accounts, this is  
a multi-billion-dollar revenue stream.

What about future clean generation resources? 
Until recently, Florida utilities have attempted to 
expand nuclear projects, which have no carbon 
emissions, but siting has remained a vexing issue. 
However, it has been cost overruns that have been 

the real nuclear power show stopper. Economist 
Mark Cooper has argued for the last decade 
that Florida has misread the evolving electricity 
market. A senior fellow for economic analysis 
at the Institute for Energy and Environment at 
Vermont Law School, Cooper had warned 10 years 
ago that the state’s nuclear development strategy 
was not economically optimal.

Cooper cautioned that power from new nuclear 
plants would cost $0.10 to $0.12/kWh while 
Georgia regulators were producing electricity 
from solar PV farms for half as much. And there are 
planning risks. Duke Energy Florida customers are 
still paying $1.5 billion for the Levy County nuclear 
project that was cancelled. It will never generate  
a single kWh.

FPL still pursues plans to build nuclear power 
plants Turkey Point 6 and 7 (2,234 MW) at its 
3,300 acre complex near Homestead, Florida. And 
plans continue even though the company that 
was to build the plants, Westinghouse, has filed 
for bankruptcy. As of May 2017, FPL was uncertain 

https://www.vermontbiz.com/news/2017/august/04/vermont-law-schools-cooper-demise-vc-summer-nuclear-power-uneconomic
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as to the cost of the anticipated plants and 
whether they would even be cost effective when  
potentially brought onlineyears from now. 
However, an arcane provision in a 2006 Florida 
law allows utilities to shift the financial risk of 
building reactors from its shareholders on to its  
customers.

Thus, the power company can recover all its pre-
construction costs to its customers. Moreover, 
if it abandons construction of the project at any 
stage, it can recover costs and profit from the 
costs already incurred. Currently, FPL spends $25 
million a year associated with licensing from a 
project which may not be cost effective. FPL has 
yet to do an annual economic feasibility study for 
the project, but it seems unreasonable to expect 
consumers to continue to pay for something that 
may not be needed or ever built.

However, Florida’s IOUs are not necessarily 
uniformly antagonistic to the goals of producing 
power from clean sources. On the contrary, FPL 
president Eric Silagy has endeavored to reduce 
use of outmoded coal generation in the state.  
A good example is the termination of the 250 MW 
Jacksonville Cedar Bay coal-fired plant – citing 
the rationale as both “preventing emissions 
and cutting costs to its 4.7 million customers.” 
Investments since 2001 in high-efficiency 
natural gas generation have enabled cuts to 
both fuel oil consumption as well as coal. More 
recently in 2017, FPL filed plans to shutter a third 
uneconomical coal-fired plant at the St. John’s 
River Power Park. And FPL remains committed 
to repowering its older power plants with 
state-of-the-art combined cycle power plants 
which are exceedingly efficient. In any vision 
of a cleaner energy future, these are certainly  
positive developments.

However, the IOUs are not particularly warm 
towards acknowledging the importance of 
reducing greenhouse gas emissions unless it 
suits the bottom line. As example, in a meeting in 
May 2016, shareholders at NextEra, FPL’s parent 
company, successfully voted down a mandate to 
annually review the risks and costs of sea level rise 
on its operations. Still, given the world situation 
and greenhouse gas emissions — still accelerating 
— the decision to ignore as corporate policy seems 
backward. Given evidence of accelerating global 
warming, it is only a matter of time until the entire 
world — every nation — is focused on the issue 
to prevent further loss of coastlines, more extreme 
weather, and devastation to agriculture resulting 
in prospects of famine.
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6.2 Florida’s Utility-Friendly 
Regulators

Not only is Florida backward relative to rooftop 
renewable energy, there are existing state-
sanctioned laws to keep it that way. For instance, 
Florida, unlike the other most populous states in 
the U.S. — even Texas — has no renewable energy 
performance standards (RPS), which would set a 
goal for the state in terms of the future goal for 
generating more of its power from renewable 
energy. 

Florida’s anti–rooftop solar and anti-efficiency 
policies are fervently guarded in Tallahassee by 
a powerful lobbying presence from the utilities. 
Florida Power & Light is the largest of the regulated 
utility monopolies in the state. As the nation’s 
3rd largest IOU, it has nearly 5 million customers. 
In 2016, it turned a profit of $1.6 billion — over 
$300 per year per customer. At the same time, it 
asked the PSC for additional rate hikes of $1.3 
billion. In the end, the PSC awarded approval for 
a rate hike of $811 million from the request. This 
will see the average cost of annual electricity in 
Florida for the average home increase by $120  
a year by 2019.

Is the Florida PSC really that friendly to the 
desires of Florida’s big utilities? One illustration 
came after the decision in November 2016, when 
Commission Chair, Julie Brown, commended 
FPL for the “smart prudent decisions to keep 
its rates low.” That’s fine of course, but in the 
meantime, another commissioner, Ronald Brise, 
astonishingly announced that he had supported 
the rate hike to ensure that “pockets won’t  
be injured.

Although IOUs may not obtain the magnitude 
of rate hikes requested, profits are essentially 
assured. That’s hardly a free market and no wonder 
that investors often seek haven in IOU investments 
which are essentially guaranteed.

Meanwhile, FPL along with the other of Florida’s 
IOU utilities spent most of 2016 dumping nearly 
$20 million into a failed campaign to deceive 
voters to support a scandalously worded ballot 
initiative called Amendment 1. Had it passed, 
the amendment would have forbidden third-
party solar sales and made that part of the state 
constitution. The other bedfellows contributing 
cash to the failed amendment? Edison Electric 
Institute, the Koch Brothers, and ExxonMobil.

Has FPL or the other IOUs in Florida obtained all 
the cost-effective energy efficiency available in  
the state? No, not by a long shot. (They’ve 
developed all the cost-effective efficiency for 
themselves and non-participants).

In research from 1995–2016, we have 
demonstrated the real-world ability to cut 
electricity use by 30–40% in Florida homes often 
just by choosing the right technologies. Efficient 
lighting turned out to be incredibly cost effective 
— and doubly and doubly so in Florida since all 
the heat released indoors must eventually be 
removed by the air conditioning system.

http://www.miaminewtimes.com/news/after-spending-8-million-to-deceive-solar-voters-fpl-shamefully-hikes-rates-by-811-million-8957975
http://www.miaminewtimes.com/news/after-spending-8-million-to-deceive-solar-voters-fpl-shamefully-hikes-rates-by-811-million-8957975
https://www.energyandpolicy.org/florida-amendment-1/
https://www.energyandpolicy.org/florida-amendment-1/
https://www.energyandpolicy.org/florida-amendment-1/
http://www.fsec.ucf.edu/en/publications/pdf/FSEC-PF-470-17.pdf
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Figure 1: Florida at night as seen from International Space Station on Oct. 13, 2014. Caption by M. Justin Wilkinson, Jacobs at 
NASA-JSC. Lighting electricity use is fundamental. Source: NASA/JSC

We’ve also learned how to reduce cooling by 
50% or more – even in existing homes. At the 
same time, solar electric grid-connected PV 
systems have turned out to be reliable and 
productive, with the prices of systems dropping 
in half in just 3 years. Rapidly advancing 
home battery systems now promise utilities 
the potential of distributed electrical storage 
while allowing homeowners with rooftop solar 
the possibility of uninterrupted power after  
a storm.

Of course the investor owned utilities would   
argue that while twhile the investments were 
shown as cost effective for participants, if done 
for the overall utility system, such efficiency 
improvements would cause rates to rise. Of 
course, by this logic, the utilities would seek to do  
whatever they can to discourage efficiency  
– particularly on items with large energy savings 
(such as variable  speed pool pumps) or few  
impacts to peak (for instance, lighting). With 
that logic, you end up encouraging added 
consumption to worship the god of “low rates.”
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Figure 2: Fully variable speed pool pumps were found to reduce pool pumping energy by more than 75% – savings in excess 
of 10 kWh/day that were so large that these pumps paid for themselves within two years and were highly cost effective to 
those installing them. Nevertheless, Florida’s utilities consider them non-cost effective since widespread adoption would 
cause lower revenue. Source: D. Chasar/FSEC

With its hot and humid climate, air conditioned 
homes in Florida use a lot of electricity. In 
fact, the state’s average household electricity 
consumption is second only to Texas as largest 
in the nation. Population wise, Florida has about 
20 million residents, making it the 3rd most 
populous state. The natural gas distribution 
network is sparse relative to many other regions 
of the U.S. and air conditioning in the state 
makes it one of the most intensive energy-using 
regions in the nation. Electricity makes up more 
than 90% of the residential energy sales in  
the state.

The average single family home in Florida uses 
about 15,000 kWh per year — about twice that 
of homes in California. Homes which use a lot of 
electricity are very lucrative for IOUs. For decades, 
with a burgeoning population and centrally air 
conditioned houses steadily growing in size, 
the plans approved by the state public service 
commission necessitated ever more out of state 
coal plants and in-state natural gas combined 
cycle power plants. In contrast, the citizens of 
Florida remain steadfastly in favor of greater energy 
efficiency and solar in one survey after another.

http://floridaenergy.ufl.edu/florida-energy-facts/
http://floridaenergy.ufl.edu/florida-energy-facts/
http://polls.saintleo.edu/polls-suggest-floridians-want-direct-market-access-to-solar-power-from-neighboring-consumers-and-businesses/
http://polls.saintleo.edu/polls-suggest-floridians-want-direct-market-access-to-solar-power-from-neighboring-consumers-and-businesses/
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An obvious question: how has the PSC allowed the 
investor owned utilities to override the interests  
of the citizens of the state?

In the meantime, attempts to hide planning 
failures can find a home in clever rate structures. 
For instance, for nearly a year, Gulf Power Company 
(a subsidiary of The Southern Company) argued 
for a greatly increased monthly fixed charge from 
$18 to $48 a month for its 450,000 customers in 
Northwest Florida — a move that would have 
dramatically reduced the cost effectiveness of 
efficiency measures and solar. The move came 
largely as the result of stalled load growth while 
attempting to pay for their unneeded 25% share 
of the behemoth Scherer No. 3 coal-fired plant in 
Georgia. While Gulf Power cannot currently point 
to a time in the future when the plant will be 
needed, in its 10 year site plans, the vision is to 
greatly increase its share of coal-fired generation 
for its customers. And all this at a time when 
natural gas and renewable electric generation is 
substantially cheaper than coal. (This is not even 
considering the likelihood of an eventual cost of 
carbon in the world’s economy.)

In any case, in March of 2017, in response to 
vocal opposition from its ratepayers, Gulf Power 
rescinded the plan to raise its fixed charges.

Ironically, Gulf Power comes off better in its 
efficiency programs than does much larger 
FPL. And in an illustration of the importance of 

regulation, Duke Energy Florida, while superior to 
FPL in its efforts toward energy efficiency — is far 
less effective at promulgating efficiency programs 
than Duke Energy in the Carolinas, where state 
regulators provide greater incentives.

The key lesson is this: 

Without motivating incentives from 
regulators, investor-owned utilities, with 
profits still linked to sales, will not seek 
to most effectively reduce the energy 
consumption of its ratepayers.

https://cleantechnica.com/2017/04/16/gulf-power-settlement-preserves-solar-consumer-freedom-florida/
https://cleantechnica.com/2017/04/16/gulf-power-settlement-preserves-solar-consumer-freedom-florida/
https://cleanenergy.org/blog/southeast-utilities-energy-efficiency-2017/
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6.3 Florida’s Falling Household 
Electric Demand

What happens when population growth and 
household electrical demand falters so that it 
becomes difficult to argue for building lucrative  
new electric generation resources?

That’s precisely what happened with the 
recession of 2007–2008 when the normally 

State of Florida: Energy Consumption per Household
(in 2016: 8,786, 683 Residential Customers used 53.4% of the electricity = 118,453 GWh)
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Figure 3: Average Florida Household Electricity Consumption vs. Forecast: 1993–2016. Note failure of 2004–2008 forecasts as well as 
the drop in consumption seen in 2016 against the various 2015 forecasts. Source: Individual IOU and muni site plans to PSC

robust growth rate of people moving to Florida 
declined from over 350,000 persons per year 
to just 219,000 persons in 2010–2011. During 
the height of the recession (2006–2009), the 
growth rate fell to a low of only around 100,000 
persons per year. At the same time, electricity 
consumption per household fell as well.

http://edis.ifas.ufl.edu/fe904
http://edis.ifas.ufl.edu/fe904
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With the improving economy, population growth 
has resumed. However, it still remains only about 
60% of the growth rate prior to the recession, 
although a sudden spurt took place in 2015 when 
the state’s population rose above 20 million 
persons. Still, in 2016, even with a robust state 
economy, the decline in household energy use 
continued — and in contradiction to the 2015 FPL 
forecast. Given continuing efficiency improvement 
in heating and cooling equipment, appliances, 
and lighting, there is a real question as to whether 
household electricity consumption will return to 
levels seen at the turn of the century. However,  
a strong caveat to this assessment is the potential 
for an increasing preponderance of electric 
and plug-in hybrid vehicles in the next 30 years. 
Although Florida’s IOUs remain covertly opposed 
to more efficiency and rooftop solar, they are all-in 
on plug-in hybrids and electric vehicles (EVs). Why? 
EVs build load. And realistically, EVs have some 
large potential benefits to Florida homeowners 
via vehicle-to-home (V2H) technology using their 
big batteries. We will cover that later.

In the summer of 2015, the IOUs in Florida 
belied their true colors by quietly asking the 
Public Service Commission to largely end their 
energy-efficiency programs. However, the move 
was not silent enough and the major Florida 
newspapers soon learned that the utilities were 
asking to discontinue these popular programs. 
Unlike many other expensive investments such 
as solar PV, these popular programs adding 
ceiling insulation and choosing more efficient air 
conditioners helped people in all walks of life – 
even grandmother.

Yet, in spite of the objections from the public, many 
of the efficiency programs for the Florida IOUs were 
scuttled and today many are largely gone.

Even so, due to the federal appliance and lighting 
efficiency standards along with the building 
energy efficiency standards in the state, the huge 
electricity use appetite of Florida homes has 
started to fall. Essentially, while electricity use 
had steadily grown in the average household for 
3 decades, the consumption trends since 2010 
showed that the electricity demand of the typical 
Florida home had grown flat and even showed 
signs of declining. Part of this is undoubtedly due 
to the more aggressive Florida Energy Code, which 
an independent analysis (Jacobsen and Kotchen, 
2013), revealed as saving 4% of electricity in Florida 
homes with more recent code level efficiencies.

Then, other things that are not part of the Florida 
code have started to impact monthly electricity 
consumption. None has been larger than solid-
state lighting. As lighting sources have become 
more efficient with compact fluorescent (CFL) and 
more recently LED-type lamps substituting for 
incandescent lamps, reductions in lighting energy 
use have had a larger impact in Florida, where 
data from our PDR project indicates substantial 
interaction with cooling.

While FPL continues to forecast increases in per 
account electricity consumption, this is not true 
across the board. Indeed, in its 10 year site plan 
in 2017, the Orlando Utilities Commission (OUC) 
forecast that per account residential electricity 
consumption would continue to fall over the next 
10 years, with total utility demand continuing to 
increase modestly with population.

However, the reasons for the IOUs seeking to 
end the efficiency programs are not difficult 
to imagine. Utilities sought to end efficiency 
programs because they were working.

https://environment.yale.edu/kotchen/pubs/codes.pdf
https://environment.yale.edu/kotchen/pubs/codes.pdf
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Without dependable load growth in the state, the 
rationale asking for justification for building new 
power plants would fall flat in any PSC economic 
assessment. The PSC quietly agreed that the 
utilities could slash their programs, all hoping for 
as little attention as possible. Two commissioners, 
Julie Brown and Lisa Edgar, dissented, but were 
outvoted.

At the same time, one of the longtime champions 
of energy efficiency research at Florida Power  
& Light, Craig Muccio, was let go after serving in an 
important research role for his 33 year professional 
career with the utility. I had met Craig in the 
’90s when we worked together on a reflective 
roofing project in Ft. Meyers with results that 
were so compelling (20% AC savings from having  
a white roof) that we received an award from the 
American Society of Heating, Refrigerating and 

Air Conditioning Engineers (ASHRAE). Craig was 
literally the braintrust of the energy efficiency 
research conducted at Florida’s largest IOU for 
almost 20 years.

Within the Florida university system, there are 
a number of very knowledgeable researchers, 
like myself, Yogi Goswami and S.A. Sherif at the 
University of Florida, and Shihab Asfour at the 
University of Miami, who had worked with Craig 
at FPL in palmier days. In the summer of 2015, we 
all complained loudly to FPL about cutting loose 
the intelligence behind their DSM efforts for the 
previous two decades.

In spite of many appeals from the Florida energy 
efficiency academic community, Craig Muccio was 
let go and not effectively replaced.

https://www.tampabay.com/news/business/energy/florida-regulators-meet-to-decide-future-of-energy-efficiency-and-solar/2207845/
https://www.tampabay.com/news/business/energy/florida-regulators-meet-to-decide-future-of-energy-efficiency-and-solar/2207845/
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The Week Before Christmas 
(Christmas Lighting’s Effect On 
Electricity–Before & After LEDs)

7.

If the last chapter seemed too reminiscent of 
Potterville in It’s a Wonderful Life or The Grinch 
that Stole Efficiency, let’s switch gears a bit with 
an upbeat holiday energy efficiency parable.

In a bid to outdo his neighbors in National 
Lampoon’s Christmas Vacation, Clark W. Griswold, 
installs 25,000 Christmas lights on his home at 

great risk of personal injury. As those seeing the 
holiday favorite may recall, when Griswold’s son 
finally manages to find out why the entire string 
refuses to illuminate (not plugged in!), the lights 
create a blinding nighttime display. The electric 
service meter spins and smokes, the neighborhood 
streetlights dim, and someone off site throws a big 
switch for more generation.

Figure 1: The Clark Griswold home: 25,000 lights. (National Lampoon & Warner Bros).
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So, just how much electricity is used for our 
holiday celebration? And how much electric 
power would Griswold’s display have required to 
operate?

In 1999, the FPC (now Duke Energy Florida) 
residential monitoring project allowed us to 
answer the first question with some accuracy. 
I compared the loads on Monday, December 
20, 1999, with those on Monday, November 22, 
just before everyone starts installing holiday  
lighting. I took the total electric power at 
each of the 185 sites with valid data and then 
subtracted sub-metered air conditioning, 
heating, domestic hot water, pool pump energy, 
ranges, and clothes dryers. This left a residual 
which includes refrigeration, plug loads, and 
lighting. Although this represents a hodgepodge 
of various minor appliances, the major difference 
between Monday November 22nd and Monday 

December 20th should primarily be holiday-
related lighting.

The comparative plot below shows that holiday 
lighting rises rapidly beginning at 6:00 pm 
EST, with an average increase in load of about 
400 watts during the early evening hours. This 
difference peaks at about 9:00 pm, but then drops 
off to about 200 watts by midnight. The difference 
of about 200 watts is maintained throughout the 
nighttime hours and does not become similar to 
the November 22nd loads until about 1:00 pm. 
This indicates that many households leave the 
lights on all night and evening during the morning 
hours (from my own household, I know that some 
lights are accidentally left on 24 hours). The 
difference in electricity consumption between the 
two days averages 4.4 kWh/per day. So, customers 
in Florida paid about half a dollar a day for this bit 
of luminous holiday cheer in 1999.
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Obviously, this is an average, however. Non-
participating Ebenezer Scrooge types consume 
nothing additional, while those determined to 
put on a gonzo display like Clark Griswold will 
use a lot more. And what about more recent data? 
Modern LED Christmas lights are much more 
efficient than lamps in use nearly 20 years ago.

To update things, I repeated the analysis with the 
58 homes in our Phased Deep Retrofit monitoring 
in 2013. Here, we had very detailed monitoring 
with all end uses, including refrigerators, home 
offices, even televisions sub-metered such that 
when we compute an “Other” residual, it is 
largely plug loads and lighting. Using the data, 
I compared Thursday, November 21, 2013 (it 
was the Thursday before Thanksgiving) with 
Thursday, December 19th.

In the plot below, we see that the residual power 
with all sub-metered loads removed is now quite 
small, although the evening increase associated 
with holiday lighting is clearly seen.

Although we did no attempt to supply or influence 
PDR project participants to use LED lighting, 
suppliers estimate that over 70% of holiday 
lighting now sold is of the LED type. Given the 
rapid attrition of the frustrating old mini-lights 
(single lamp goes out, entire string off ), LEDs 
have grown rapidly as standard holiday lighting 
since most do not have this problem and will last 
for more than 10,000 hours.
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From the plot, one can see that most of the 
added lighting energy — about 100–200 watts — 
comes during evening hours and the total added 
lighting energy is only about 1.1 kWh/day. A rough 
comparison with the earlier 1999 data (admittedly 
a different sample) suggests that holiday lighting 
has become more efficient, likely through 
increased saturation of LED lighting strings.

What about some specifics? Years ago, we used  
a sensitive Valhalla 2100 power analyzer to 
examine how much electricity is required for 
different types of Christmas lights. We measured 
several popular types of lights — all classified  
a decorative lighting by UL. I’ve updated that by 
measuring the more efficient LEDs that are now 
about half of the Christmas lighting market.
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Figure 4: Tested efficiency of various types of holiday lighting.

Consumption per Christmas light varies by about 
50:1 for a given type when comparing incandescent 
vs. LED. Until recently, the small mini-light W2 
bulbs were the most popular for Christmas trees  
— often with about 100–200 lights used. This would 
be about 34–68 watts for illuminating the tree. 
These strings are almost always made in China 
and seem to have been ingeniously designed 
so that when one socket fails, the entire string 
must be replaced at Walmart the following year. 

However, newer LED strings are now much more 
efficient and clearly the way to go. There are LED 
versions of the W2 bulbs or even the LED version 
of the C7 candelabra or big C9 bulbs often used 
outdoors. You can illuminate your tree and your 
home for a fraction of the electric power needed 
for the incandescent types. Here a string of 200 
lights on the tree would only draw about 14 Watts 
— an energy trifle.
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In previous times, larger incandescent candelabra 
type bulbs are often used outside. Close inspection 
of Griswold’s handiwork in the film indicates he 
was using the traditional C 7 ½ bulbs, which use 
5 watts each: 25,000 would have required 125 kW  
to power and 150 amp service to make a go of it. To 
be realistic, Clark should have been shown having 
electricians out to rewire his service to provide 
the juice to his get-up and some pretty elaborately 
fused 120 volt branches. Running it in Florida 
would have cost about $14 an hour. And note that 
had Clark used the modern LED Christmas lamps, 
he could have run strings totally 25,000 bulbs for 
just 1,750 watts (1.75 kW). That’s still a lot, but not 
outrageous.

Aside from the fun, the above demonstrates the 
insight available from monitored data as well as 
the transformation available from making the 
best technology choices for energy efficiency. 
Next time, we will see how the Florida utilities are 
rapidly now embracing solar as a future generation 
resource — they’re just not keen on seeing you 
produce your own.

I’ll mention that while utility persons may 
think my commentary harsh, I still very much 
respect what you all do. Planning, building, 
and maintaining a large utility generation 
network for millions of customers while betting 
against a complex energy future is not at all 
simple. I just think in Florida we could do 
better in several areas: efficiency, renewable 
energy, and storm resiliency. At the moment,  
we are not.

It is my hope that in time we will do better.

Florida could do better  

in several areas: eff iciency, 

renewable energy, and storm 

resiliency.
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Who Will Own The Sun?

8.1 Florida Utility Solar Plans: 
We’ll Own It, You’ll Buy It

8.

Against complaints of their dismantling efficiency 
programs, a laudable accomplishment for Florida 
Power and Light Company (FPL) is their recent 
plans to greatly increase renewable energy 
generation. It is true that utility scale solar remains 
lower cost than rooftop solar for generation when 
both investments are unsubsidized. Also, it can 
be seen in the latest third party evaluation of the 
cost effectiveness of various generation resources 
that utility scale solar is now cost competitive 
with natural gas combined cycle generation even 
though solar will have to be part of a diversified 
collection of resources to meet 24 hour needs, 
according to this Lazard analysis1.

Still, as late as 2015, FPL claimed that utility solar 
plants in Florida were not cost effective. However, 
soon afterwards, utility solar projects sprouted in 
Georgia with astonishingly good results. In 2016, 
FPL suddenly changed course to embrace big 
solar in its 10 year site plan.

FPL officially connected three new 74.5-megawatt 
universal solar power plants to the energy grid 
that serves its customers on Dec. 31, 2016.

In 2017, FPL plans to build four more universal 
solar power plants. And this is just the start. The 
utility anticipates adding 298 MW each year over 
the 10 year forecasting period. This will consist 
of four 74.5 MW solar fields (450 acres with 
roughly 330,000 modules) installed each year.  
A large advantage anticipated is that the passage 
of Amendment 4 will include elimination of ad 
valorem taxes, substantially altering the resulting 
generation economics as the corporate tax rate on 
generation assets is 39 or 40%.

As Florida utilities are planning on ever more 
combined cycle natural gas generation, there 
is some concern about the exposure of the 
consumers in the state to the volatility of future 
natural gas prices.

While the installation of utility solar is no panacea 
against this exposure, it is certainly a hopeful sign 
that points at Florida IOU orientation towards  
a low-carbon electric generation future.

1 Although alternative energy is increasingly cost-competitive and storage technology with great promise, alternative energy systems  
alone will not be capable of meeting the baseload generation needs in the near future. Therefore, the optimal solution for many re-
gions of the world will be to use complementary traditional and alternative energy resources in a diversified set of mixed  
generation resources.

https://www.lazard.com/perspective/lcoe2020 
https://www.fpl.com/company/pdf/10-year-site-plan.pdf
https://www.fpl.com/landing/dania-overview.html
http://southeastenergynews.com/2017/11/27/floridas-growing-reliance-on-natural-gas-may-put-ratepayers-at-risk/
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Plants sited and under construction are:

•  Loggerhead (Putnam Co.)

•  Blue Cypress Solar Energy Center (Indian River Co.)

•  Barefoot Bay Solar Energy Center (Brevard Co.)

•  Hammock Solar Energy Center (Hendry Co.)

Then from one year to the next, four of such 
universal solar fields will be sited around Florida, 
adding 298 MW in generation capacity annually.  
This will result in FPL’s total solar capacity 
increasing to approximately 2,420 MW by 2023. 

Buried in the report, FPL estimates that federal 
and state efficiency standards have had a huge 
influence in cutting load growth in Florida. (See 
page 30–35 of FPL’s Ten Year Site Plan.)

Note that consumption per customer peaked in 
2010 and has been declining or nearly flat since. 
Indeed, total sales have been nearly flat in spite 
of adding 20–50K customers each year. FPL has 
revised downward its forecast for new capacity, 
which it will meet with a few combined cycle 
plants and lots of solar fields. Added demand  
from plug-in electric vehicles is estimated at 308 
MW over the period.

Meanwhile, FPL only forecasts 167 MW of “private 
solar” over the same period. (p. 36) If we assume 
typical future “private PV” systems will be about 
6 kW on average, this estimates about 28,000 PV 
installations over the period or about 2,800 per 
year — perhaps larger than what is taking place 
now, but not an explosion in installations by  
any stretch.

The levelized cost of rooftop electrical 
generation was approximately double that 
of utility generation. Although, the cost of  
distributed generation fell by 26% in 2016 — more 
than double that of utility reductions (11%). 
Of course, distributed generation has other 
advantages — a prominent one being the lack 
of needing expensive grid connection for utility 
generation, and also the reduced amount of grid 
losses from central solar electrical generation to 
site — which is often 7% to 10% or more of the 
energy use to get electricity from the point of 
generation to where it is used. Further, with higher 
saturations, there might be reduction of the need 
to site transmission lines as well.

It turns out that distributed solar is actually of 
small risk to ratepayers relative to raising rates. 
However, as shown by the 2014 LBNL study, net 
metering of distributed solar is a much more 
significant threat to utility shareholders. While 
there is only small risk to rising rates, it can 
significantly cut investor profits.

Are the people of Florida — the ratepayers — 
responsible for maintaining the profits of often 
wealthier utility shareholders?

The expectation a few years ago 

in forecasts from the National 

Renewable Energy Laboratory 

(NREL) was that the cost of rooftop 

solar could reach as low as $1.50/W

by the early 2020s.

https://emp.lbl.gov/sites/all/files/LBNL%20PV%20Business%20Models%20Report_no%20report%20number%20(Sept%2025%20revision).pdf
https://emp.lbl.gov/sites/all/files/LBNL%20PV%20Business%20Models%20Report_no%20report%20number%20(Sept%2025%20revision).pdf
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8.2 Rooftop Solar’s Achilles 
Heel: Net Metering

Figure 1: FPL bi-directional smart meter on author’s home. This meter shows that 26,684 kWh has been delivered from the grid 
since the smart meter was installed. Received kWh from utility is 21,992 for a net of 4,691 kWh positive. Total generation over 
9 years from PV system has been nearly 68,000 kWh.

One way to end the threat of homeowner-
installed solar is to reduce the likelihood of its 
rapid spread by attacking net metering.

Amendment 1 was a deceptively worded 
amendment intended to mislead Florida voters 

that it was the right thing to select if a voter 
was in favor of solar energy. Not surprisingly,  
an overwhelming 70% of Florida voters were in 
favor of measures to increase the utilization of 
solar energy in the sunshine state.

However, in fact, Amendment 1 consisted of 
difficult to understand, but cleverly misleading, 
legal language guaranteeing the right of citizens  
to produce solar energy — a legal right they already 
had. It all sounded good to the unwary.

However, other language in the ballot initiative, 
“guaranteeing the right of homeowners not to  
have solar energy not increase the costs of 
electricity for any consumers,” while sounding 
protective, was more nefarious. This language 
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2 In an earlier report NREL forecasts residential PV costs reaching $0.65/Watt in 2020. “DOE Maps Path to Huge Cost Savings for Solar,“   
Dave Levitan, 2 Oct. 2013.

would make it legally possible to utilities to then 
levy increased fees on customers producing solar 
electricity so that utilities could both maintain 
investor profits on distributed generation while at 
the same time discouraging installation of rooftop 
solar across the state.

The amendment failed completely.

This move comes at a time when the cost of 
rooftop solar in the U.S. has reached such lows – 
down to installed costs for residential generation 
approaching $2.50 per watt, such that generating 
one’s own electricity looks increasingly favorable 
compared with paying $0.11/kWh (note that the 
residential rate in Florida varies by the IOUs, but 
with state and local utility taxes added, the cost 
for consumers is fully $0.11 to $0.12/kWh).

The expectation in forecasts from the National 
Renewable Energy Laboratory (NREL) is that the 
cost of rooftop solar could reach as low as $1.50/W 
in the next few years. Utility scale costs are already 
low2. With the economics resulting from that 
low cost, solar electricity will become the very 

cheapest way to generate electricity when the sun 
is up, when compared to oil, coal, new nuclear, 
and even natural gas.

And another easy prediction: the cost for electrical 
storage is also falling rapidly, such that only a few 
years after solar becomes the lowest cost electric 
generation resource, either local or home storage 
will become as easy and seamless as the battery 
powering the laptop upon which many of you are 
reading this post.

The combination of electrical storage like the 
enhanced Tesla Powerwall (13.5 kWh of storage) 
coupled with the coming ubiquitousness of 
electrical vehicles — some of which will be parked 
at home — will make it possible for homes to  
approach the Holy Grail uponwhich I have spent  
my career: Zero Energy Homes that largely produce 
as much as they need.

And electrical storage coupled with self-generation 
leads to other possibilities: storm resiliency and 
powering plug-in electric automobiles.

https://www.tampabay.com/news/politics/carlton-they-tried-and-failed-to-put-amendment-1-over-on-florida-voters/2302363/
https://cleantechnica.com/2020/09/12/elon-musk-explains-why-tesla-solar-power-is-so-cheap-cleantechnica-exclusive/
https://cleantechnica.com/2020/09/12/elon-musk-explains-why-tesla-solar-power-is-so-cheap-cleantechnica-exclusive/
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8.3 Risking Grid Defection to 
Preserve the Business Model

Utilities are very aware of the potential of solar 
electricity power production, but the push from 
their side is to own the solar resource and charge 
their customers to use it. This is, after all, the 
business model upon which electric utilities 
have paved their way to financial success. And 
it is also true that the cost of generating solar 

•  Rooftop or neighborhood generation does not experience the 
distribution losses indigenous to central generation. The grid-
connected electrons are used much closer to the place where they 
are needed. (Distribution losses are typically about 7–10% such 
that only about 90% of the generated electric power ends up doing 
useful work on the site premise.)

•  No need to include expensive non-solar generation resources 
in the source mix such as coal and oil generation resources which 
will become more expensive than solar generation. For instance,  
a future utility based around neighborhood solar that used storage 
and low-cost solar generation would not need to pay for antiquated 
coal or oil generators that are no longer cost effective.

•  There is no data about the shading effects of solar electric  
photovoltaic (PV) systems on heat gains to roofs/attic and homes. 
PV arrays are known to lower roofing temperature, but how 
might such shading reduce space cooling through the roof/attic 
section of the building envelope? If we better understood the 
advantages from shading from rooftop PV systems, how might 
this affect the attractiveness of PV systems in southern regions? 
We posit that installed PV systems will shade roofs and influence 
attic air temperatures and slightly reduce cooling loads after their 
installation. PV shaded roofs can be a part of high performance 
home solutions, particularly in hot climates like Florida.

electric power in large central generation farms 
is the way to the lowest cost generation given 
economies of scale. However, there are several 
countervailing trends that may eventually place 
distributed generation on or near parity with 
central generation. I’ll briefly list them:
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8.4 How Rooftop Solar PV may 
Help Keep Homes Cooler  

in Summer

Experiments done in homes in Florida with reflective 
roofs installed over standard darker ones showed 
savings of about 20%. The saving of covering about 
25–33% of the roof with PV could be expected to 
produce cooling savings of 5–7%. Although, this 
has never been measured. What do we know?

There has been one empirical study in Japan 
(Tsurusaki, Tanaka, and Nakagami, 2000) which 
saw a drop in measured space cooling of 26% in 
33 measured homes in the Kanagawa Prefecture 
after rooftop PV was installed where most of the 
2nd story roof was shaded by the comparatively 
large PV systems.

In San Diego Gas & Electric service territory, the 
estimated weather-related space cooling in this 
mild climate dropped by 45% after the installation 
of home rooftop PV arrays, indicating the impact 
of shading the arrays (Itron, 2010). However, 
these estimates were made in a very mild climate 
and one where air conditioning was not directly 
measured. There has also been one detailed study 
of a commercial facility by Dominguez et al. (2010) 
which showed pronounced cooling impacts in 
commercial buildings. Reductions to heat flux to 
the attic were 52–63% and the ceiling temperature 
under the insulated assembly was 2.5°C cooler 
under the sections with the PV system overhead.

Figure 2: Visible and Infrared image of a standoff PV array on a tile roof showing cooling from roof shade. Source: FSEC

https://aceee.org/files/proceedings/2000/data/papers/SS00_Panel1_Paper30.pdf
http://maeresearch.ucsd.edu/kleissl/pubs/DominguezetalSE2011.pdf
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The specific savings from roof shading from  
stand-off arrays will depend on convection 
radiation, spacing, roofing composition, tilt 
and wind. There are many unknown influences, 
including the convection coefficient at the array 
(both sides) and at the roof plane. These values 
are also influenced by the temperatures of these 
surfaces and the turbulent airflow between the 
roof and array.

With many unknowns and uncertainties,  
measured data is desirable. While industry has 
long recognized roof shading must influence 

cooling, this has never been measured. FSEC has 
proposed this research in the past as a natural 
follow-on to the PDR project, where we had 2–3 
years of air conditioning data before installing 
any PV. However, we had no takers. I’ll suggest 
that such an influence — even if small —  is an  
oversight and should be investigated in cooling-
dominated Florida. Not only can covering  
a significant part of one’s roof generate a lot 
of electricity, it can also lower the amount of 
electricity that has to be used for cooling of the 
home below.

8.5 The Future of Rooftop Solar

The ongoing drop in the cost of generating your 
own solar electricity will likely forever change the 
long-term state of affairs. 

For one, not only are solar prices dropping, 
but the conversion efficiency of modules are 
increasing as well, meaning that a Florida roof 
with good solar exposure can produce about 10% 
more solar energy than a similar array installed 5 

years ago. Along with storage and greater home 
energy efficiency, that means that the potential of 
homes that largely take care of them relative to 
annual energy are becoming ever more feasible 
– particularly after some new technologies such 
as heat pump water heaters, variable speed pool 
pumps, and heat pump clothes dryers become 
available. And with more energy produced on the 
roof, it can be stored for later use on a rainy day.
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Figure 3: Residential Rooftop PV system Source: FSEC

With net metering, it is possible to install fairly  
large PV systems and to obtain immediate and 
dramatic reductions to utility bills. See the 
illustration below of the installation of a 14.7 kW PV 
system on the Miami home of NBC 6 meteorologist 
John Morales. Since the installation of the solar 
electric system, Morales has seen his monthly bill 
drop by over $200 as seen in the monthly graph 
from the utility comparing consumption in the year 
before and after the PV installation. He estimates 
a 6 year payback for the system. Morales has also 
been an advocate for the Solar United Neighbors 
of Florida cooperative (formerly FLSUN), which 
helps homeowners throughout the state with bulk 
purchases for solar panels to reduce installed 
system costs.

Of course, net metering in its current incarnation 
may not be viable when the saturation of solar PV 
installations become greater than about 20% of 
Florida households. We need the grid to balance 
out loads and voltages. But Florida is very, very 
far away from that point (less than one tenth of 
1% of homes have solar PV). So, if one wishes to 
see more solar in the Sunshine State, leave net 
metering rules as they are for some years. 

https://www.solarunitedneighbors.org/florida/http://Solar United Neighbors of Florida cooperative (formerly FLSUN)
https://www.solarunitedneighbors.org/florida/http://Solar United Neighbors of Florida cooperative (formerly FLSUN)
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Figure 5: Impact on first monthly bill since installation. Source: @JohnMoralesNBC6

In late October 2017, Jacksonville Electric 
Authority (JEA) — the 8th largest community owned 
electric utility — in the northeast part of the state 
announced that it would immediately alter its net 
metering policy as of March 31, 2018. Rather than 
compensate at the retail rate of approximately 
$0.11/kWh for solar generation sent to the grid, the 
new compensation would only be $0.0325/kWh — 
less than a third of what was previously provided. 
Generation that offsets consumption will still be 
compensated at the net metered rate, but excess 
power sent back to the grid would be compensated 
at the lower rate. And in a display of the future, in 
an effort to encourage site-level electrical storage, 
JEA announced they would pay homeowners up 
to $2000 to help install battery systems to help use 
solar produced power to offset evening and non-

solar periods. Meanwhile, the Florida gold rush 
for utility scale solar is fully on display at JEA, as 
the municipal utility announced plans at the same 
time to add 250 MW of solar generation.

And even when net metering rules are altered, it 
will be important not to make them punitive such 
as advocated in states such as Nevada and Arizona 
where a political utility zero-sum-game battle is 
taking place over solar energy. Alabama may have 
the most punitive rates for solar customers in 
the country, creating fixed charge and wholesale 
compensation rates for power production that 
make any rooftop solar non-cost effective – an 
indication that the energy policy of that state is 
even more backward than that in Florida3.



70

However, utilities attempting to punish 
consumers and anticipating net metering without 
compensation are playing a dangerous game. 
That’s because the dropping cost of rooftop 
solar electric systems and the coming potential 
of economically adding 10–20 kWh of daily site 
storage means that, with efficiency, technology 
improvements like the ones described here that 
houses can simply dump the utility, opt off the grid 
with small backup generator systems for winter 
using natural gas or propane4. These systems 
are already readily marketed in Florida for power 
assurance after hurricanes. They would seldom 
be used with such homes, but with solar power 
costs so low, such systems would almost certainly 
be more cost effective than electricity with rates 
and charges designed to punish those producing 
home solar electricity.

Of course grid-defection is not a desirable state 
of affairs. We need the utility grid to balance out 
resources and loads and to be able to choose the 
lowest cost generation resources over time. Keep 
in mind that rooftop solar is not feasible for more 
than half of Florida homes due to shade and other 
obstructions. However, if we’re serious about 
reducing greenhouse gas emissions, we need an 
“all the above” strategy: efficiency, rooftop solar, 
and utility solar. The best solution is the middle 
ground. There is plenty of evidence to show that 
solar electric power in hot climates reduces the 

3 After a contentious conflict, net metering has been re-instated in Nevada.
4 These are readily available from the natural gas utilities in Florida and are sold based on emergency power in the event of hurricane power 
interruption. https://assurancepower.com 

We need the utility grid to balance 

out resources and loads and to 

be able to choose the lowest cost 

generation resources  

over time.

cost of providing electric power to the system 
because it largely cuts electrical demand in the 
daytime when cooling needs are high.
Also, changing net metering rules to punishment 
levels (as epitomized by Alabama Power) will 
encourage a flood of future major appliances 
(such as air conditioners and water heaters) that 
directly use PV to cut energy needs, but within 
a self-contained system when the electrons are 
all used in the equipment with onboard storage, 
do not interact with the grid and therefore do 
not need net metering. Such appliances would 
essentially be end-runs around net metering.

At FSEC, we have been testing such an appliance 
that uses solar PV to assist a heat pump water 
heater, but does not interact with the grid. The 
technology has shown dramatic reductions to 
water heating energy. With this system, smart 
controls allow more thermal energy to be stored 
in the tank when solar availability is high – the 
equivalent of 2 kWh in the tank itself and at no 
real cost. Testing over the last year has shown an 
80% reduction in comparative tests at our labs of 
water heating energy. Moreover, it seems feasible 
that PV-assisted heat pump water heaters can be 
produced for less than the half of the costs of solar 
thermal systems – and with no plumbing, freeze 
protection. Installation would be exceedingly 
simple.

The key takeaway is that solar electricity is here 
to stay and a very good thing for Florida. In fact, 
I’d like to make the case that Florida utilities 
should help homeowners to purchase and install 
solar electric systems with battery backup. This 
could dramatically help improve the resiliency 
of the average household to power outages after 
a hurricane as well as sculpt future residential 
electric demand. We’ll cover that in the next 
chapter.

 https://assurancepower.com
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Using Eff iciency, Solar & Storage  
To Hunt The “Duck Curve”

9.
9.1 Beware the “Duck Curve”

For several years now, there have been complaints 
from utilities about the resulting electrical load 
shapes from owners with solar systems. This is the 
so called “duck curve” which has gotten a lot of 
attention from utility alarmists. In some sense, it 
has been a way of claiming that rooftop solar is  
a profound problem for utilities. We will show here 
that this issue can be (and will be) solved.

Figure 1 shows a classic illustration of the duck 
curve. Data here are those from the California 

Independent System Operator (CAISO) as logged 
on October 22, 2016. This was a day when the wind 
power output was low and steady throughout 
the day, but solar output varied strongly with 
its characteristic bell-shaped noon-centered 
production curve. Examining the resulting daily 
net loads, one sees the duck with low loads during 
the day when the sun is up. Note the duck curve’s 
steep rise from 17:00 to 18:00 as the sun sets, 
requiring some 5 gigawatts of generating capacity 
to come online within the hour.

California hourly electric load v. load less solar and wind (Duck Curve) 
for October 22, 2016
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Figure 1: California Hourly Electric load less solar and wind (Duck Curve) for October 22, 2016. Source: CAISO
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More recent analysis by Scott Madden has shown 
that the duck curve is not only a product of 
increasing saturation of rooftop solar in California, 
but even more strongly a reflection of the saturation 
of utility-scale solar. This also explains how it has 
become much more pronounced in recent years. 
The same analysis has shown that not not only 
that the belly of the duck has been getting lower 

with increased utility-scale and rooftop solar, but 
also that since 2011, the nighttime loads have 
been falling in magnitude. That’s likely reflecting 
the increased saturation of efficient lighting in 
the California residential and commercial market.  
Figure 2 shows an analysis by the U.S. DOE using 
the CAISO data:
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73

Closer to home, a very detailed 2018 study by 
NREL of PV adoption in Florida forecasts that solar 
saturation will likely change dramatically in the 
2020s as more utility and roof top solar is installed. 
https://www.sciencedirect.com
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Their study concluded that saturations up 
to 15% would have little impact of statewide 
generation resource dispatch. Above those levels, 
a combination of electrical storage and demand 
response (DR) could maintain the value of the PV 

resource. Moreover, they anticipate rapid adoption 
of solar electricity in the state: from 5%-24% by 
2030 and a shift in the timing of the peak load 
from 4 PM in summer to roughly 7 PM, with a rapid 
ramp in generation needs during this time.

9.2 Duck Hunting

One sure cure for the rapid ramp up seen in the 
duck curve from 4:00–7:00 pm is electrical storage 
in one form or another. With the very low cost of 
generating solar energy in the daytime hours seen 
in recent years, what is a problem now, becomes 

an opportunity for innovative electrical storage 
in the future. The promise is plentiful low-carbon 
electricity. This will be done by storing excess 
solar during the daytime hours and then applying 
stored energy to early evening loads.

Simulated Summer Peak Day Performance Avg. Florida Home, Pre & Post within 
Retrof it with PV (Melbourne, FL)

To
ta

l E
le

ct
ric

al
 D

em
an

d 
(k

W
)

Hour of Day

0

1

2

3

4

5

242220181614121086420

Summer 
Peak 

Period

HPCD Eff. Refrig

Smart T-stat Lighting+Tnk Wrp Base Bldg PV Output: 32.3 kWh

HPWHHiSEER AC+Ducts R38 Ceiling Ins.

Figure 3: Summer Day Peak Loads for a typical Florida home in Melbourne, FL and how they are reduced by various efficiency 
measures as installed in the PDR project. HPWH = heat pump water heater, HiSEER AC+Ducts = SEER 17 heat pump + sealed 
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https://cleantechnica.com/2014/02/04/current-cost-solar-panels/
https://cleantechnica.com/2014/02/04/current-cost-solar-panels/
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One helpful weapon against the “duck curve” 
is obvious, if seldom recognized: more efficient 
lighting will help flatten the Duck curve given 
that inefficient lighting is partly responsible for 
the rapid rise in early evening electrical demand. 
Further, by substituting LED lighting sources, the 
amount of released interior heat to the home is 
dramatically reduced (often by several thousand 
Btu/hour), reducing air conditioning in Florida 
between 7:00–11:00 pm as well. Indeed, if one 
carefully examines the demand profiles between 
7:00 pm and 5:00 am in the California data in 
the preceding Figure 2, it can be seen that the 
nighttime loads are dropping from 2012 to 2016  
as the saturation of more efficient lighting grows  
in that state. Between electrical storage, LED 
lighting, and more efficient air conditioning 
in Florida, the infamous “duck curve” can be 
effectively flattened. How would efficiency and 
electrical storage work together in Florida homes 
to de-fowl the duck completely?

In Figure 3, we see how the electrical demand on 
a peak summer day in a typical Florida home are 
reduced by various measures that are sequentially 
installed as done in our Phase Deep Retrofit project 
(PDR, described at the end of this segment). These 
were simulated using an hour-by-hour simulation 
tuned to the characteristics of a typical existing 
Florida home. On the plot, we also superimpose 
the output of a typical simulated rooftop solar 
system. Thus, it is possible to see how the various 
efficiency measures cut demand on the peak 
summer day. The summary in the later table shows 
annual results and costs of the various options as 
experienced in the PDR project.

We see that the residential loads are made more 
flat and stable when a greater penetration of 
efficiency measures is achieved in a household. 
Indeed, simply through efficiency, the household 

electric demand is cut in half during the summer 
peak between 4:00 pm and 8:00 pm.

Beyond the profile-sculpting help of efficiency, 
the final coup de grâce to finish off the “duck 
curve” is with distributed electrical storage 
such as was installed with solar by Sonnen in a 
housing development in Arizona. The potential 
here is not only alleviation of the “duck curve,” 
but smoother electrical loads than without 
solar. However, efficiency is meaningful part of 
the package since electrical storage is expensive 
(often $700–1000/kWh or more in residential 
systems). Thus, with efficiency, it becomes 
possible to modestly size home electrical storage 
systems to make a big difference in serving the 
evening loads or even make the home 24-hour 
power-independent and virtually autonomous.

Figure 4 is an expansion on the presentation  
shown in Figure 3. Here we plot the “net demand” 
for the same Florida home with the 6.5 kW PV system 
before and after retrofit measures are installed. 
The red line shows the characteristic “duck curve” 
with a standard efficiency home with PV sending 
demand negative during the day with a total daily 
grid energy use of 27.3 kWh. The average demand 
during the peak period rises quickly between 4:00 
and 8:00 pm (the “duck”) and is 2.62 kW. A second 
line shows the demand with all the efficiency 
measures and the PV system. Here, more power is 
sent to grid during the daytime hours and the total 
daily net demand is 0.3 kWh per day. The “duck 
curve” is much lower, averaging 0.72 kW during 
the peak period, but still quite noticeable.

A third plot line (bright green) shows the result 
when the excess daily electricity is stored in  
a battery system similar to the Tesla Powerwall 
2 system (13.5 kWh of electrical storage). We 
assume that 10% of the excess PV energy going 

https://cleantechnica.com/tag/sonnen/
https://www.greentechmedia.com/articles/read/sonnen-deal-storage-new-arizona-housing-development
https://www.greentechmedia.com/articles/read/sonnen-deal-storage-new-arizona-housing-development
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to the battery rather than to grid is lost due to 
inefficiency. With the efficient home with all the 
improvements, 12.6 kWh is stored during the 
middle of the day in the battery that is then used 
during the early evening hours to flatten out 
demand. Getting the electricity out of storage and 
to the loads also is associated with a further 10% 
efficiency loss1. Nevertheless, as shown in the 
bright green trace, the efficiency measures along 
with the battery are able to zero-out all building 
electrical loads between 9:00 am and 10:00 pm 
on the peak summer day and effectively eliminate 

the duck curve. The only remaining loads are 5.3 
kWh of grid energy supplied between 10:00 pm 
and 8:00 am. It can also be seen in the plot that 
without the efficiency in place (red trace), there 
would be little electricity available for storage 
at midday to meet early evening loads. Thus, to 
eliminate the summer duck curve with PV and 
batteries, efficiency is needed unless a large PV 
array and a large system of batteries are available. 
Typically, roofs have finite space facing south that 
is not marred by obstructions and shading — the 
reason that we assumed a typical 6.5 kW system.

Simulated Summer Peak Day Performance Avg. Florida Home, Pre & Post within 
Retrof it Net Demand with PV (Melbourne, FL)
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1 This 80% round-trip efficiency assumed for our example is conservative as the estimated actual efficiencies including the inverter to AC load is 
approximately 87% for the Tesla Power Wall.

http://www.catalyticengineering.com/top-ten-facts-about-teslas-350kwh-powerwall-battery/
http://www.catalyticengineering.com/top-ten-facts-about-teslas-350kwh-powerwall-battery/


77

As this evaluation has focused on a single peak 
day in summer, what would be the impact to total 
energy as these improvements were installed? The 
table below summarizes the cumulative impact as 
simulated based on the PDR project. We include 
the cumulative measures shown above plus the 
solar electric PV system along with key energy and 
economic parameters.

The table also shows the impact of three other 
measures which are often desired: sealing building 
air leakage (air infiltration control), new advanced 

solar control windows, and exterior insulation 
over the outside of concrete block construction2. 
These measures tend to be more expensive, 
although potentially increasing interior comfort 
in a big way. For instance, double-glazed, solar 
control windows not only save energy, but result 
in a more quiet and thermally balanced interior.

In conclusion, we find that through two 
mechanisms — efficiency and electrical storage — 
the problem of the duct curve can be effectively 
smoothed away.

2 The improved windows and added wall insulation were both studied as case studies in a second segment of the PDR project. These both showed 
savings potential, although with large variability depending on interior temperature preference. Both were expensive measures with the window 
retrofit averaging $9,000 per home and the exterior wall insulation at near $20,000 as it included exterior insulation over masonry, then stucco and 
paint for finish. Although building air tightness is a known significant energy saving feature, generally tightening the structure should be associated 
with mechanical ventilation which was not done in the PDR project due to potential liability concerns.

Incremental Performance of Measures f rom PDR Project

DESCRIPTION

CASE

$DOLLARS kWh kWh kWh kWh kWh $Cost SPB
(Yrs)

Rate of
Return

kWh

$0 5909 367 0 0 0.0% $0 – –14991Base Existing 
Florida Home

$250 5077 327 729 1552 10.4% $250 3.1 32.1%13439P+ Smart 
Thermostat

$7,500 2793 200 1736 5125 34.2% $2,500 13.1 7.6%9866P+ SEER 17 
Heat Pump 

$13,430 – – – – – – – ––TOTAL

$30 5745 388 62 823 5.5% $30 4.4 22.7%14168Plus+ Hot Water
Tank Wrap

$1,600 4477 252 1132 3389 22.6% $1,200 9.6 10.4%11602P+ Heat Pump 
Water Heater

$950 2710 210 255 5925 39.5% $150 5.3 18.7%9066P+ Heat Pump 
Clothes Dryer

$13,000 – – 9081 – – $9,100 9.1 11.0%-156.5 kW 
PV System

$400 2544 174 202 6127 40.9% $400 18.0 5.6%8864P+ Seal Leakage 
(ACH 8.5 to 5)

$9,000 1875 99 744 6871 45.8% $2,000 24.4 4.1%8120P+DblGlazed Solar 
Control Windows

$20,000 1610 25 339 7210 48.1% $18,000 482.7 0.2%7781P+ R8 Walls 
exterior + stucco

$1,200 4477 252 705 2257 15.1% $1,200 15.5 6.5%12734P+ R38 Ceiling
Add

$1,500 2715 210 545 5670 37.8% $200 3.3 30.0%9321P+ Eff. New 
Refrig. Replace

$400 5745 388 761 761 5.1% $300 3.6 27.9%14230Lighting

OUTRIGHT 
COST

COOLING HEATING INCRE-
MENTAL

INCRE-
MENTAL

INCREMENTALCUM.
SAVINGS

SAVED %TOTAL 
KWH

ADD SOLAR PV SYSTEM

ADDITIONAL MEASURES
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Finally, we summarize details regarding the  
Phased Deep Retrofit project indicating what  
could be accomplished in Florida with improvements 
to efficiency. The findings from that project were the 
basis for the values in the above table.

In our next segment, the last before we conclude 
this report, we will see how the efficiency 

improvement outlined here and electrical storage 
can also provide significant improvements to 
post-hurricane resiliency in Florida homes. We’ll 
also showcase the actual experience of nearly 
2,000 Central Florida solar installations and how 
they came through Hurricane Irma and helped 
provide emergency power for homeowners.

9.3 The Phased Deep 
Retrof it Project

The Phased Deep Retrofit research project was 
accomplished in conjunction with FPL and U.S. 
Department of Energy monitored 60 Florida homes 
in great detail relative to end-uses (even down the 
televisions) as well as to collect information during 
the very simple pass through audit. This included 

dimensions, amount of insulation, type of windows 
and specific appliances and their characteristics 
in every category. We also monitored most of the 
circuit breakers in the electrical panel in order to 
obtain a detailed view of household energy use  
in Florida.

Figure 5:  Florida homes in the PDR study were typical single story structures with varying levels of efficiency and insulation. 
Source: D. Hoak/ FSEC
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•  Heating and inside unit blower

•  Cooling: compressor power

•  Electric water heater

•  Clothes dryer

•  Range and ovens

•  Refrigerators

•  Pool pumps

•  Central television and entertainment center

We also measured a number of unusual energy 
systems as part of the monitoring protocol; such 
as second refrigerators, home offices, wine cooler, 
and even home fountains.

Beyond these unusual power measurements, we 
took a detailed temperature measurement by the 
heating and cooling system thermostat. And since 
these measurements were so critical, we also 
always installed a redundant portable temperature 
and humidity logger so we could track how well 
the efficiency measures provided comfort.

For the shallow retrofit portion of the project we 
wanted to find easy-to-install measures that might 
save electricity and in a very cost-effective and 
easy to install fashion.

To save even more electricity later in the deeper 
retrofits, where more equipment and goodies 
would be installed, we collected detailed audit 
data on each home that might allow a customized 
more extensive approach to saving energy. 

The installed shallow measures:

•  High efficiency LED and CFL lighting 
   substituting for incandescent.

•  Hot water tanks wraps and offering to 
   change shower fixtures with high flows.3

•  Cutting back on pool pump time if greater 
   than six hours per day.

•  Cleaning fouled refrigerator coils.

•  Smart power strips that attempt to reduce 
   phantom loads from devices plugged in but 
   not doing anything.

The shallow retrofits were installed in 55 houses. 
To evaluate savings we used an analysis method 
where we examined each involved end use, 
looking for changes looked in consumption 
for a 30 day period before and after install. The 
unaltered segment of home was used to examine 
how weather-related loads changed without the 
intervention. All of the various measures were 
available at each site, but we found very different 
customer acceptance of some measures. For 
instance, although smart power strips offered 
some savings, we found many homeowners 
objecting to doing anything that would alter the 
mass of wiring that was typically behind the main 
home entertainment center or the similar tangles 
found in the home offices.

Based on evaluations, the shallow retrofits, 
really worked – saving 9% of measured average 
household electricity. That’s a big deal as the cost 
to do these measures was very low. In fact they are 
an easy project for do-it-yourselfers.

3 Note that the substitute shower heads were not of the annoying flow restriction type, but a variety of fixtures chosen based on high consumer 
acceptance in Consumer Reports from which homeowners could choose. Still shower quality is most important to people and only about 40% of 
high flow fixtures here changed.

Total house electric power 
(and all the items below sub-metered):
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We evaluated each sub-segment of the retrofits. 
The measures which saved most consisted of 
changing out of all the lighting to LED and CFL. 
Also effective were hot water tank wraps and 
showerhead substitution – these measures 
seemed to really impact electrical loads and not 
just lighting. The lighting retrofit and tank wrap and 
showerhead were exceedingly effective at cutting 
lighting and water heating loads.  
Details here.

For instance we found that the 
very simple hot water measures 
saved 10% of hot water electricity. 
But changing out lighting not only 
directly reduced lighting electricity 
but also altered the waste heat 
profile in the home (and the need 
for cooling to cover it), but seemed 
to have also altered the thermostat 
temperature preferences of 
homeowners. We hypothesize  
that this may be due to altering 
the interior global mean radiant 
temperature. With cooler light 
sources, the interior environment 
feels cooler as well.

Those receiving the lighting retrofit 
seemed to prefer a 0.8 higher 
interior temperature weather 
winter or summer. They also 
saved an average measured 1.7 
kWh per day in reduced lighting 
energy. Considering the interaction 
with thermostats observed, just 
changing out the lighting in  
a Florida home will typically reduce 
annual electricity use by 5%.

A series of deeper retrofits installed in ten of the 
PDR project homes that had already received the 
shallow retrofit. Those doing the deeper retrofits 
were already committed to replacing an aging or 
poorly functioning central heat pump, but would 
also have insulation levels brought up to codes, 
heat pump water heaters, nest thermostats and 
repair duct systems.

Figura 6: Old fashioned hot water tank wraps were surprisingly 
effective in cutting hot water energy use. Source: FSEC
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Using detailed data over a year-long period, 
pre and post we measured at 38% averaged 
measured reduction in household energy from 
more extensive retrofits, saving an average of 
6,760 kWh. Mean cost of the measured for the 
deep segment was $14,700 with a median annual 
saving of $810 a year. While payback times were 
much longer with the extensive retrofit, it would 
be easily possible to run such an efficiency 
program where appliances and equipment are 
changed and improved at end of useful life where 
the incremental costs over standard efficiency air 
conditioners and appliances would be less than 
half those described here.

And not only did homes receiving the deeper 
retrofits save a lot, but some of the homeowners 

Figure 7: Site 19 with 10 kW west-facing PV system. Between efficiency measures and PV, site utility bills were reduced by 82%.

were inspired. For instance, Site #19 in the project, 
went from one of the most energy-guzzling 
households (an average of 67 kWh/Day) to one 
that achieved 38% efficiency savings (32 kWh/
day) or roughly an annual household savings of  
$1400. So enthused for the big monthly savings 
was the head of the household that he decided 
to install a 10 kW west-facing PV system to bring 
it close to net annual zero. The west-facing PV 
system in this case produced an average 31 kWh/
day. The reduction in grid purchased kWh at this 
site from before the PDR project until afterwards 
was 82% or 60 kWh/day. This energy savings level 
has an annual value in Florida of about $2630, 
including local taxes. Both efficiency and PV 
elements showed reasonable economics.

http://fsec.ucf.edu/en/publications/pdf/fsec-cr-1991-14.pdf
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From the PDR project, Site 19 is also a good example 
of how each home in the U.S. will, in some way, be 
unique. At this home, clothes dryer energy use was 
enormous, entering the project the household was 
measured to use 8.03 kWh/day (2,930 annual kWh) 
for the dryer. However by participating in a follow-
on project to test and evaluate a new Whirlpool 
heat pump clothes dryer. This was able to cut their 
consumption for clothes drying by 2 kWh/day or 
25% — saving $80 a year.

To be forthright, we also tried some things that 
didn’t work. Cleaning of refrigerator coils saved 
a bit, but not enough to be cost effective. But we 
did learn that if the refrigerator is using more than 
3.5 kWh per day, it would be prudent to consider 
replacing it. It’s easy to measure them in an audit 
with a portable Kill-a-Watt meter and find out. 
We also found that cutting pool pump hours is  
a measure with no persistence.  Within a year, pool 
maintenance people had brought the operation 
hours back up – a failing that fortunately we found 
was completely addressed by the fantastic results 
we saw from substituting variable speed pool 
pumps (typically an 80% savings). 

In the final two years of the project we evaluated  
a plethora of advanced technologies:

•  Very high-efficiency air conditioners and heat 

   pumps

•  Smart or connected thermostats such as Nest   

   or Ecobee

•  Heat pump water heaters (HPWH)

•  Heat pump clothes dryers (HPCD)

•  Fully variable speed pool pumps

• High efficiency refrigerators for those found 

   to be using more than 3 kWh/day

•  Supplemental ductless mini-split heat pumps 

   to drop central AC load

•  Adding more ceiling insulation or floor 

   insulation

•  Duct sealing after test

•  High efficiency dishwashers

http://www.fsec.ucf.edu/en/publications/pdf/fsec-rr-648-16.pdf
http://www.fsec.ucf.edu/en/publications/pdf/fsec-rr-645-16.pdf
http://www.fsec.ucf.edu/en/publications/pdf/fsec-rr-645-16.pdf
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The technology evaluations were revealing, 
precisely because we knew so little about  
expected performance beforehand. Behavioral 
savings are notoriously difficult to evaluate.

Indeed within a second phase of the project we 
found that smart thermostats like the Nest and 
Ecobee are good bets for Florida homes. For 
instance a sub-sample of 22 homes only had the 

shallow retrofit + the connected 
thermostat (Nest). However, 
evaluation use a year of pre and 
post sub-metered data on the 
heating and cooling systems 
showed a savings of about 
9% on cooling and more for 
heating — approximately 500 
kWh per year. We also found 
significant reductions in kW 
for both summer (0.18 kW per 
site) and the winter (0.25 kW)  
peak condition.

Figure 8: Installed smart thermostat 
at one of the PDR study homes 
Source:FSEC

A separate, even larger monitoring study done 
for FPL by Itron verified cooling energy savings of 
about 450 kWh per year and even much greater 
levels in attached homes which are more likely to 
be unoccupied for longer periods4. This technology 
is developing rapidly. Indeed, FPL is promoting 
smart home technology using smart thermostats 
(Ecobee4Smart Thermostat now has Amazon 
Alexa control built in for easy voice-activated 
convenience in heating and cooling control), likely 

because demand reductions from these devices 
are on a par with what can be obtained by their 
more expensive load control programs — a facet 
unmentioned in their promotions.

There are even greater potentials, however. My 
family and I enjoy the Alexa personal assistant at 
home and find particularly convenient the ability to 
control high-efficiency wireless LED lighting while 
providing easy dimming and even color control.

4 D. Parker, K. Sutherland, and D. Chasar, “Evaluation of the Space Heating and Cooling Savings of Smart Thermostats in a Hot Humid Climate 
using Long Term Data,” Proceedings of the 2016 ACEEE Summer Study on Energy Efficiency in Buildings, American Council for an Energy Efficient 
Economy, FSEC-RR-647-16, August 2016.

From the details of the FPL study of the same technology: “Smart Home Technologies to Help You Save,” Teslarati, Florida Power and Light, October 
18, 2017.

https://www.fpl.com/landing/eccr.html?cid=2017ECCR008282
http://www.fsec.ucf.edu/en/publications/pdf/fsec-rr-647-16.pdf
http://www.fsec.ucf.edu/en/publications/pdf/fsec-rr-647-16.pdf
https://www.teslarati.com/sponsored/?prx_t=FCEDAwbsVAcmMQA
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Figure 9: A.O. Smith heat pump water heater installed in  
a utility room. Research data showed that HPWH would cut 

water heating by 68% on average in Florida homes and also 
cut cooling by a further 5% when installed in utility rooms. 

Source: FSEC

Heat pump water heaters may be the most 
important new appliance for Florida’s energy 
future. We measured them to be extremely 
effective in reducing measured hot water energy. 
They reduced electricity consumption for water 
heating by an average 68% or 5.3 kWh/day. With 
interior installations in utility rooms or innovative 
ducted designs we have found that these may 
reduce cooling by about 5% or about 280 kWh.

Economics suggest that anytime in Florida that 
your water heater goes out, to replace it with  
a HPWH. Depending on household size and water 
heater location, savings will vary from $100—300 
per year and average about $180.

The heat pump clothes dryers (HPCD) in our 
study saved an average 34% of clothes drying 
electricity, but with some interactions with the 
house cooling climate unvented models should 
be avoided unless located in a garage and likely 
the new vented HPCD (from LG) would be most 
appropriate for Florida conditions.
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Figure 10: LG vented heat pump clothes dryer that is ideally suited to Florida conditions. Source: LG

Supplemental Mini-Split Heat Pumps (centrally 
located and operated to supplement the main 
central system) saved 33% of space cooling and 
59% of heating energy. If the installed models are 
110 volt capable, they can easily be operated off 
a generator as they typically draw less than 500 
watts in operation. 120 volt units up to SEER 17.2 
are available from the Home Depot for as little  
as $7306. Thus, such a system could help cut one’s 
cooling load by a third if used over the year, at the 
same time providing  a redundant cooling system 
that would provide air conditioning in the event of a 
prolonged power failure. With home battery storage 
and a rooftop PV system, such an arrangement 
could provide indefinite air conditioning even 
without grid power.

And if we did the deep retrofits over, we would 
include the supplemental mini-splits along with 
the very efficient conditioning system as one of  
the improvements. They are clearly a unique 
solution for Florida homes.

We learned that monitoring process itself can 
be fruitful. For instance, it appears likely from 
the project that if a refrigerator is found using 
more than 3.5 kWh/day, then it would be ripe for 
replacement with the most efficient models for 
the type and size needed.

And relative to the shallow retrofits, the  
connected thermostats save so profitably, that one 
should be installed in the process of doing the 
other shallow measures — such as a LED lighting 
makeover, a hot water tank wrap and potentially 
showerheads. With the better thermostatic control 
and lower internal heat release from the lighting 
change out, household cooling can be reduced by 
15% or more as well as the direct savings to lighting 
and water heating electricity. The expenses for 
these modifications are modest while being highly  
cost effective.

Since the DOE research was government funded all 
of the data and findings were in the public domain. 
Thus, the fact that we found that we easily can cut 

http://www.fsec.ucf.edu/en/publications/pdf/fsec-rr-646-16.pdf
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6 One ton, SEER 17.2 mini-split heat pump from Home Depot

the energy use of typical Florida houses by 9% 
or 4 kWh/day by spending $375 is (including 
all hardware, labor and costs) is a big deal. For  
a typical Florida home, that means a reduction 
in energy use of nearly 1,500 kWh per year 
with an annual value to those saving to the 
homeowner of about $180 a year, just over a 
two-year payback and a rate of return superior 
to conventional economic investments. Where 
can one find a stock or annuity or any other 
investment instrument that pays a 50% after tax 
rate of return?

Why would the Florida Public Service  
Commission not consider potentials like this 
and not decide that utilities should undertake  
a massive program to reduce Florida’s 
residential energy use? Would it not pass 
RIM test screening? After all a nearly 50% rate 
of return would seem intensively attractive 
if utilities were really interested in saving 
energy. In fact, the utilities could likely have 
it flunk by citing the fact that it could pay for 
itself in about two years. Households should 
be doing it without any incentive. But here’s 
the rub: most of Florida’s homeowners have 
no idea how cost effective it is to change out 
all their lighting to LED lamps and to install  
a smart thermostat. Moreover, we demonstrated  
in a conclusive fashion that deeper retrofits in  
Florida homes can save up to 38% of annual 
electricity with similar impacts to utility-
coincident peak loads. Still, the utilities in 
Florida have seemed resistant to further efforts 
towards energy efficiency for their customers.

While, many in the efficiency community in the 
U.S were enthused by the measured statistical 
shown in the PDR project in Florida, FPL was 
unmoved. And when it came time to continue the 
research to evaluate other important questions, 

FPL was unresponsive to further proposals. And so 
key research questions remain:

•  How well would vented heat pump clothes dryers 
work in Florida? (there are issues we discovered 
with fully condensing non-vented models).

•  Would rooftop solar help control attic heat 
gain and help reduce cooling?
• Might combining rooftop PV with electric  
vehicles, electrical storage and time-of-day rates 
help utilities realize loadshape smoothing goals 
while controlling revenuelosses?

•  Could detailed sub-metered data like that in 
PDR be used to verify end-use dis aggregation 
schemes using utility smart meter data? 

We had hoped our long-time utility partner would 
be inspired by the great data emerging from 
PDR. However, instead they elected to remove 
their long-time Conservation R&D program 
manager, downsized of their DSM department 
and petitioned the PSC to gut their efficiency 
programs. Why? One possible explanation is that 
Florida IOU utilities saw energy conservation 
savings as something that was good green PR 
for the utilities when demand was growing for 
a time. But now, with falling household electric 
demand, these savings are seen as lost revenue 
— that may adversely affect the bottom line for 
profits and hence investors.

Let’s hope that someone reading this, be it at 
the Florida PSC or the utilities will have a change 
of heart and find out how to do what’s right for 
Floridians and still make that profitable for utilities 
and homeowners alike.

After all, given the likelihood of future challenges 
in Florida, we are going to need each other.

https://www.utilitydive.com/news/showdown-at-the-psc-inside-the-battles-for-floridas-energy-future/343706/
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Annex

Low Cost Measures  
(All done together can often save 1,360 kWh or $150 per year).

•  Change all lighting to high-efficiency LED and CFL lighting 
substituting for incandescent (change all in home).

• •  Saves $80 a year directly and reduces interior heat and cuts air 
conditioning.

•  Add external hot water tank wrap.

• •  Double foil insulation wrap.

•  Change shower fixtures with high flows.1

• •  Tank wrap and changing to lower flow showerheads can save up 
to $40 per year.

•  Cut back on pool pump hours if greater than six per day.2

• •  Two hours less per day is $80 lower for the year.

• • Often push back from pool maintenance services so variable 
speed pool pump is a better solution.

•  Use Kill-a-Watt meter to measure refrigerator freezer energy use (plug 
frig in for a day).

• •  If greater than 3.5 kWh per day, purchase new more efficient unit.

• •  Standard new refrigerator or freezers use only about 2 kWh per day.
• Install smart or connected thermostats such as Nest or Ecobee

• •  Measured to reduce space cooling and heating by about 9%

• •  Savings: 540 kWh/yr or $60/yr

1 Note that the substitute shower heads are not of the annoying flow restriction type, but a variety of fixtures chosen based on high ratings in Con-
sumer Reports from which homeowners could choose.
2 Note that measures that affect pool pumping energy have very large impact since measured pool pump energy averages nearly 4,000 kWh per year 
and fully a third of Florida homes have swimming pools.
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Pre and Post-retrof it Hot Water Energy Use 80 Gallon Retrof it HPWH
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Figure 1: Measured daily electricity savings of hot water energy with a heat pump water heater (HPWH) thirty days before and 
after retrofit.

• •  Much larger savings if seasonal occupant or house unoccupied 
in daytime

•  Install “smart power strips” to reduce power from devices plugged in 
but not doing anything

• •  Difficult to measure potential and set up, but can save substantial 
power if turning off several items not in use (e.g., turn off printer, 
monitor, and speakers in home office)

• •  Savings highly variable depending on the load and how long it is 
shed daily.
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Advanced retrofit measures (along with shallow measures saves up to 
40% of use)

In addition to the shallow measures above, if you are really serious 
about reducing your monthly energy consumption, you can install these 
measures that were tested below. Taken together, we found them to 
reduce total annual electricity consumption by 38% for an average of 
7,070 kWh worth about $780/year.

•   Very high-efficiency air conditioners and heat pumps (SEER 17 or greater)

• • Replace if your AC system is older than ten years

• • Test and seal duct system at same time unit is replaced

• •  Saves 50% of space cooling and heating (3,000 kWh/yr) or $330/yr

Or:

•  Supplemental ductless mini-split heat pumps to drop central AC load

• •  Option vs. replacing existing heat pump.

• •  Reduces consumption by about 40% for heating and cooling or  
2,400 kWh/yr ($260).

• •  No ducts and allows zoning; produces redundant heating and 
cooling system.

• •  If system installed is 110 volts, can be easily operated off a generator 
as they typically draw less than 500 watts. Great for post-hurricane 
household resiliency.

•   Heat pump water heaters (HPWH)

• •  Replace electric resistance water heater. Choose 80 gallon size if 3 
or more people in household

• •  Saves 68% of water heating energy or 1,400 kWh/yr ($155/yr).

•  Heat pump clothes dryers (HPCD) with high-efficiency washer

• •  Saves 35% of clothes dryer energy (250 kWh/yr) or $30/yr.

•  High-efficiency refrigerators for those found to be using more than  
3 kWh/day

• •  Saves ~ 470 kWh/yr depending on consumption of existing unit: $50/yr.

•  Adding more ceiling insulation
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• •  Insulate attic to R38 from R11 or R19.

• •  Reduces heating and cooling by ~10% or 600 kWh/yr ($65/yr).

• •  If re-roofing, choose a lighter colored  roof: 7% reduction for white 
shingles; 20% reduction for white metal or white tile (up to 1,200 
kWh/yr ($130/yr).

•   High-efficiency Energy Star dishwasher

• •  Replace when dishwasher worn out; saves 100 kWh/yr ($11).

•  Variable speed pool pump [special high priority retrofit]

• •  Pool pump is second largest electricity end use in Florida homes 
that have them: 3,600—4,500 kWh per year.

• •  If you have a pool, save 65%-85% of pool pumping electricity.

• •  Savings 2,500 kWh or $275 per year.

Figure 2: Replacing your existing single-
speed or two-speed pool pump with  

a fully variable speed pump will 
typically save over 2,500 kWh per yr 

($300/yr) and is one of the most cost-
effective retrofits which was evaluated 

in the PDR project.

Figure 3: 4-5 inches of cellulose 
insulation in the attic (about R-15) is 

not adequate in Florida. If your ceiling 
insulation is deficient, increase it to at 

least R-38 if that that will fit. Otherwise, 
consider installing a white reflective 

roof a the time that you re-roof  
your home.
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