
CLEAN ENERGY ALTERNATIVES, Part 1 
ENERGY EFFICIENCY

The City of Austin has invested in energy efficiency to 
displace new power generation since 1982.  It has programs 
to help all Residential, Commercial, and Industrial ratepay-
ers save electricity.  Not only do these programs help make 
bills more affordable and prevent pollution from power 
plants, but they also bolster the financial health of Austin 
Energy by preventing the need for expensive peak power.  

Between 1982 and 2016, the programs have saved about 
1,200 Megawatts of power (about 31% less than what would 
have been used if the efficiency programs had not existed).  
By the end of 2015, they prevented about 1.1 million tons 
of carbon dioxide emissions annually.1

Austin’s efficiency programs are likely the main reason 
why Austin’s Residential electric consumption and bills are 
relatively low compared to other utilities in ERCOT, the 
independent electric system operator for most of Texas.  
According to annual statistics kept by the U.S. Energy In-
formation Administration in 2015, residential consumers 
served by Austin Energy used an average of 10,775 kwh a 
year,  25% below the ERCOT average.2  Of the top 10 utilities 
in terms of electricity (kilowatt hour) sales, Austin ranked 
as the lowest.  Only 1% of ERCOT’s 8.9 million Residential 
customers had lower average annual consumption.

This low consumption has large economic savings.  Aus-
tin does not have the lowest Residential rates in ERCOT.  
However, of these same top 10 utilities, Austin ranked as 
the lowest in annual bills.  Again, only 1% of ERCOT’s 
Residential customers had lower annual bills than Austin.

Austin’s comprehensive approach includes rebate and 
incentives for efficiency and solar PV retrofits, building 
codes that mandate efficiency in new buildings, and a pro-
gressive rate structure that charges higher rates for higher 
levels of consumption.  Throughout the decades, these policies 
and programs have repeatedly won national awards.  

The collective efforts of the past few decades owe much 
to the advocacy of Austin’s environmental community, and 
the talented City staff who operated the programs.  These 
efforts were also enabled by City ownership of the utility.

However, efficiency programs were also launched by 
a reaction from the region’s voters, due both to the rising 
costs and environmental effects of conventional fuel.  Events 
and personalities that set history in motion went back 20 
years before the first home in Austin was ever weatherized 
through a City-funded program.  

The Chain Reactions of History

Natural Gas Shortages –  Ironically, one of the most 
instrumental people to inspire Austin’s renowned energy-
efficiency programs was a colorful and somewhat ruthless 
oil and gas magnate named Oscar Wyatt.  Though he had a 
noble side to him – a rags-to-riches tycoon, who at various 
times in his life acted as a selfless patriot – during the 1970s, 
he became one of the most reviled businessmen in Texas.  

Wyatt was raised in poverty by a single mother.  As a 
teenager he became a crop duster to make money, which 
served as preparation for his transition to a (decorated and 
twice-wounded) fighter pilot in W.W.II.  Surviving the war, 
he earned a degree in mechanical engineering and boot-
strapped an oil supply business into a large pipeline and 
brokering network for natural gas.  In the early 1960s, his 
LoVaca Gathering Company cornered the market for much 
of Central and South Texas by signing long-term contracts 
for cheap fuel.  His clients included Austin’s electric utility, 
San Antonio’s larger public electric and gas utilities, and 
the Lower Colorado River Authority (LCRA).

Between 1929 and 1979, Austin’s electric generation re-
lied on natural gas as its main fuel source.  In 1962, Austin 
signed a 20-year contract with LoVaca Gathering Company 
for low-cost natural gas at the rate of 20¢ per MCF (thou-
sand cubic feet).  (This is the equivalent of $1.60/MCF in 
2016 dollars.  The average cost of gas used for electrical 
generation in Texas between 2006-2015 was $5.49/MCF 
in 2016 dollars.)3

Unfortunately for all concerned, Wyatt did not retain 
all the long-term supply contracts he needed to honor his 
agreements.  This came to a reckoning during the harsh 
winter of 1972/73, when it snowed in Austin 3 times.  A 
gas shortage occurred throughout LoVaca’s service area.  
Among other things, the shortage delayed the opening 
of the University of Texas at Austin for 2 weeks, and rate 
shock began to infect the city.
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The average monthly bill for Austin’s residential electric-
ity went up 36% between 1973 and 1974.4  It went up 66% 
between 1973 and 1975, while per customer consumption 
decreased 18%.  Almost all of this was caused by increased 
fuel costs, which went up 404% between 1973 and 1975.

Austin now had to buy replacement gas at more expen-
sive prices.  And when gas could not be had at any price, the 
utility had to switch its gas power plants to back-up fuel oil, 
which was even more expensive.  At one point, in April of 
1973, Austin’s utility came within hours of rolling brownouts 
that would have been needed just to divert enough power 
to supply the City hospital. A rushed delivery of fuel oil 
arrived just a few hours before this would have occurred.

As harsh as this period was for Austin, it paled com-
pared to what happened in Crystal City, a small poor city 
in South Texas that could not afford to pay for gas it was 
contractually promised at lower cost.5  On September 23, 
1977, after Crystal City had accrued a considerable debt for 
unpaid fuel increases, LoVaca cut the town’s entire supply 
off.  A 2015 survey showed that almost four decades later, 
natural gas service to the majority of the city had never 
been restored, and 94% of its homes relied on electricity 
or propane for their heating.6

A massive lawsuit was filed against LoVaca, which was 
litigated for several years.  In 1979, the company avoided 
bankruptcy through a settlement.7  LoVaca would be spun-
off from Wyatt’s other holdings to a company called Valero 
that was totally unassociated with him.  Wyatt’s larger 
company would explore for more gas and sell it to Valero 
at a discount, which would be distributed to the former 
customers for a number of years.  In addition, a trust con-
sisting of 13% of Valero’s stock would be awarded, and 
sold over a 7-year period to lower bills.

There was a joke at the time of the settlement that 
went “Valer is Spanish for ‘value.’  I don’t know what the 
zero behind it stands for.”  While the settlement was not 
worthless, it did not account for most of the lost money.  
In Austin, the annual discount was calculated to be 2.5 to 
3% on the average bill for an 8-year period.8  Meanwhile, 
Wyatt successfully expanded into oil refining and trading 
and became wealthier.  

Many observers believe that even if LoVaca had honored 
its promises, it would have just pushed off inevitable gas 
cost increases until the 1980s when the contracts expired.  
However, the gas shortage occurred in sync with the first 
world Energy Crisis, and this magnified the effect on Austin.

The Arab Oil Embargo – In 1973, oil used per kwh of 
electricity was generally 2.8 times the price of Austin’s 
original (20¢/MCF) natural gas contract.  By 1974, electricity 
generated from oil had risen to 7.4 times Austin’s original 
gas contract price.  

The trigger for the increase became an oil embargo 
against the U.S. for its support of Israel in its October 1973 

war with Syria and Egypt.  In solidarity with these two 
Middle-Eastern foes of Israel, most Arab oil-exporting na-
tions simultaneously began withholding small percentages 
of oil from the world market while embargoing all exports 
to the U.S. and other Israeli allies.  Intended as economic 
pressure, the embargo was short-lived, as the U.S. urged 
the warring parties to negotiate.  However, media coverage 
became an incessant feeding frenzy.

Though the embargo against the U.S. only lasted about 
5 months, this event changed the world. Major economic 
damage was sustained because oil went up 119% in price 
and stayed at that level (or higher) for many years.9  Nation-
ally, the price shock contributed to an economic recession.  

In Austin, it amplified the anxiety over electric bills.   
City leaders wanted to diversify their power sources to be 
less dependent on gas and (back-up) fuel oil.

New Power Plants – In reaction to skyrocketing gas and 
oil costs, the Austin City Council moved to dramatically 
diversify fuel sources for electricity.  In that era, this meant 
coal and nuclear plants.

In 1973, after a Council-appointed committee of citizens 
studied the issues, and considerable Council deliberations, 
it was recommended that the utility become partners with 
the LCRA in a coal plant (which was later sited in Fayette 
County), and with Houston Lighting & Power and 2 other 
partners in a nuclear plant (South Texas Nuclear Project).  
A second gas unit at Decker Lake was also suggested.

At that point in Austin’s history, it was common to hold 
elections to ask voters to approve debt associated with 
electric and water utility improvements.  This requirement 
is still in the City’s Charter, though it is routinely ignored.

Though it is doubtful that a coal plant would be approved 
by Austin’s electorate today in light of the public’s concerns 
about global warming, in that era, the proposal was not 
highly controversial.  Since nuclear power worried envi-
ronmentalists more, some of them actually recommended 
coal as a preferred alternative.  

Austin’s participation in the nuclear plant had been nar-
rowly defeated in a bond election just a year before.  Council 
tried to persuade the public to pass nuclear bonds again, 
but this time the proposal was reinforced by the painful 
experiences of natural gas shortages and uncontrollable 
utility costs that occurred throughout most of 1973.  In ad-
dition, there was the ominous threat of gasoline shortages, 
which had been all-but-guaranteed in front-page news 
coverage of the Oil Embargo.

In the weeks before the 1973 election, held November 
17, the memories of price shocks (and the threats of more) 
were used as a club against the nuclear plant’s opponents.  
And it was not just City officials campaigning for the new 
power plants.  President Nixon went on-air November 7 
in a specially televised speech to outline short-term mea-
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sures to deal with the Energy Crisis (which he suggested 
might cause rationing if they proved insufficient), and a 
long-term “Project Energy Independence” to create more 
conventional energy sources.10  Adding to the momentum 
was a City-funded bond ”education” campaign, and a 
political advertising campaign.11  

The coal and gas plants passed overwhelmingly, by 
a 77%-23% margin; however, the nuclear plant barely 
squeaked through at 51%.12

The coal and gas plants were built on time, on budget, 
and with relatively little controversy.  While the Fayette 
coal plant has been criticized in recent years, it has operated 
cost-effectively throughout most of its life (if you ignore 
the environmental price of carbon emissions, air pollution, 
and strip mining).  The nuclear plant, however, created 
overwhelming consternation for the next two decades.

Nuclear Power and Efficiency Programs – The South 
Texas Nuclear Project, twin reactors totaling 2,725 Mega-
watts near Matagorda Bay, acquired the sarcastic nickname 
“the Nuke.”  This power plant, without exaggeration, 
became one of the most divisive issues in Austin’s history.  

While most environmentalists have always been wary of 
nuclear power because of the waste issue and the possibility 
of devastating accidents, many Austin voters were more 
alarmed about the broken promises surrounding its cost.  
Austin’s original share of 16% of the billion-dollar project 
should have cost the ratepayers $161 million in 1973, and 
this included a contingency that could hedge cost overruns.  

However, the engineer and builder, Brown & Root, 
received the commission without a competitive bid, and 
made the original estimate without completing most of the 
engineering work.  Overruns overwhelmed the budget. 

In some ways, the overruns were similar to the LoVaca 
debacle.  Since the City signed a “hell or high water” con-
tract, it was obligated to pay 16% of the Nuke’s cost no 
matter how much the price rose…and the price did rise.  
Ultimately, it skyrocketed from $1 billion in 1973 to $2 billion 
in 1978 to $2.7 billion in 1979 to $5.7 billion in 1981. At least 
3 high-profile lawsuits or court cases were filed over the 
Nuke between 1983 and 1994.

Austin’s Nuke was hardly the only atomic power plant 
in the U.S. to experience controversy.  In response to the 
Energy Crisis, some 223 nuclear reactor units were proposed 
or being built around the country.13  Many were also expe-
riencing huge overruns because of inexperienced architects 
and engineers, “backfits” for increased safety equipment 
that were not in original cost estimates, and in many cases, 
repair of shoddy craftmanship.  

The U.S. public was experiencing something similar to 
Austin: rate shock from high gas and oil prices, and more 
rate shock from nuclear plants that were supposed to be 
the solution to rate shock.  This, plus environmental con-

cerns from a certain percentage of the public, created an 
anti-nuclear movement that in some ways resembled the 
Anti-Vietnam War protests of only a few years before.  “No 
Nukes!” became a rallying cry to a lot of young adults of 
that generation (and the title of a rock album of musician 
superstars).

However, Austin had an attribute that magnified citizen 
participation: the citizens partially controlled their munici-
pal electric utility’s future by electing the “Board of Direc-
tors,” the City Council.  The electorate, for many decades, 
also approved revenue bonds for capital improvements.

Austin voted on the nuclear issue 7 times between 1972 
and 1983.  As the cost rose dramatically in the late 1970s, 
the project lost credibility with the electorate.  

Energy conservation had been openly discussed since the 
LoVaca contract had been broken in 1973.  Indeed, electric 
use per capita went down noticeably by 1975, though some 
(if not most) of this was likely from cutbacks in response 
to high prices and not energy-efficiency retrofits.  Conser-
vation was often viewed as a short-term option and not a 
strategy that could displace new power plants.

 
At some point in the late 1970s, anti-nuclear opponents 

began to openly question how much energy could be saved 
if the money spent on the Nuke and its overruns were 
invested in energy efficiency efforts instead.  Solar water 
heating and passive solar design were also highlighted as 
options.  In addition to displacing the need for conventional 
power, advocates pointed to the local jobs that would be 
created, keeping money recirculating in the Austin economy.

The “Conservation Power Plant” idea became quite 
popular with the electorate.  In 1981, several City Council 
candidates ran on the issue of selling Austin’s share of the 
Nuke and investing the money in displacing the need for 
a new power plant.  

Institutionalizing efficiency to defer new power plants 
was opposed by the management at Austin’s electric util-
ity.  They believed it was not economic, and that the Austin 
population was growing and needed much more generation.  
So the issue was set up as an Efficiency vs. Nuke contest.

The Efficiency argument was won by a persistent effort 
by anti-nuclear activists sustained, largely by volunteers, 
over several years.  There were major events and watershed 
moments, but the strategies and tactics were basically of 
two varieties: conventional and often grassroots education 
and outreach, and public episodes that had “shock value.”

Conventional education and outreach included:

• thousands of “No Nukes/Go Solar” bumper stickers;
• debates and public speaking events;
• door-to-door canvassing;
• demonstration projects (a solar water heater installa-

tion in a poor neighborhood; a solar water heater brought 
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to City Council made entirely from recycled materials);14

• huge free “Sun Day” concerts and energy exhibits reach-
ing thousands of people;
• incessant testimony at government public hearings;
• advertising in election campaigns, where the Efficiency 

vs. Nuclear argument became a dominant issue for a decade.

Shock value was more typified by massive turn-outs at 
emotional public hearings and colorful demonstrations.

• At a public hearing on the Nuke on December 12, 1978 
with 700 people in attendance, an “energy dragon,” (in a 
Chinese dragon costume) spoke to City Council.  He ate 
money and defecated nuclear waste.  He made the front 
page of the Austin American-Statesman.15

• a press conference calling for the resignation of the City 
Manager and the Manager of the electric utility because of 
their mishandling of the nuclear plant;
• a huge rally organized in a muddy field outside the 

South Texas Nuclear Project’s perimeter.  Hundreds of 
people traveled from Austin and other cities to show a 
presence against the Nuke.

Eventually the Austin electorate was so disappointed 
with the nuclear project that they elected a Council majority 
in 1981 that would lead this new direction.  

This tale of history hardly ends happily ever after. Aus-
tinites did vote to sell the City’s share of the Nuke in 1981, 
but Austin was a minority partner stuck in a bad contract.  
The other partners would not buy its share; they needed 
Austin’s construction money too badly. The two nuclear 
units at South Texas were completed, one of them, 8 years 
late, in 1988, and the second, 7 years late, in 1989.  

Though several lawsuits against the project were filed 
in which Austin was a plaintiff, only one of them yielded 
any noticeable damages for Austin, and even this money 
was a small percent of the total cost.   

But energy efficiency programs had a brighter outcome, 
in part because Austin could autonomously control their 
management. Since 1982, the City has collectively spent 
several hundred million dollars on efficiency programs.  
The long-standing efforts have won numerous national 
awards and garnered international acknowledgement.    

Real vs. Hypothetical Demand Reduction

Despite Austin Energy’s extensive experience in oper-
ating efficiency programs over several decades, there is 
limited analysis of Austin buildings and end uses to know 
what the efficiency baseline is.  In order to make an accurate 
estimate, a reliable starting point is essential to evaluate how to 
completely convert the electric grid to clean energy.

Using the survey as a starting point, a saturation survey 
and efficiency assessment would need to determine: 1) the 
baseline energy use in various types of buildings; 2) vari-
ous types of end uses; 3) the potential for various kinds of 
equipment upgrades; 4) the potential for various building 
efficiency upgrades (e.g., duct sealing, increased insulation).

Also, the survey would need to determine how much 
efficiency gain is possible: 1) at little or no cost to the util-
ity (with market-based transition, national equipment 
standards, building codes, and behavioral programs); and 
2) through utility incentive programs.

Advanced surveys and assessments would include 
solar siting, solar transmission constraints (if a local area 
is too saturated with PVs to absorb all of their electricity, 
or if PVs can provide local voltage support), and potential 
geothermal heat pump sites near groundwater (where they 
operate more efficiently).

One might suspect that after over 3 decades of mining 
energy efficiency as a resource, Austin Energy would not 
have a great deal of potential electric savings left given the 
savings that it has already achieved.  This suspicion would 
be erroneous because: 1) new technology has been com-
mercialized to bring down electric use to levels unheard 
of even 15 years ago; and 2) as previously discussed, the 
potential is partially unknown due to lack of information.

In an effort to demonstrate potential, this article will 
briefly highlight some of the most important end uses and 
show the history and potential of efficiency gains.  Together, 
they make up about a third of electricity use nationwide.16

The Energy Dragon, as seen on the front page of the Austin 
American-Statesman, December 13, 1978.

Anti-nuclear activists Jeff Lanza (left) and Tony Switzer (right)
install solar water heater made of waste materials in 1979
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End Use: Small Air Conditioning 
(under 5.5 Tons/66,000 BTUs)17 

Electric Consumption: 5% of Total U.S. Electric Use.18 
(14% of U.S. Residential Electric Use.)
10% of Total Texas Electric Use.19 
(29% of Texas Residential Electric Use.)

Replacement Technologies: New central ACs made only 
a few years ago were built to run at maximum capacity, 
even though this cooling power is needed about 1% of 
the season.  New units with inverters and variable re-
frigerant flow modulate with the actual cooling demand, 
greatly reducing electric use.

New “mini-split” systems have an adjustable air handler 
in each room or zone, use inverters, usually have no ducts 
(and no duct leaks), and often have occupancy sensors 
that can turn the system off when people leave the area.

Geothermal heat pumps use heat exchange loops at-
tached to the unit to convey cooling and heating to or 
from the earth, groundwater, or water bodies to build-
ings.  Using this as a heat sink (about 70 degrees in the 
Austin area) eliminates temperature extremes of outdoor 
air that conventional systems have to work against.

Cost: While savings with efficient equipment is huge, the 
premium is often so high that only moderate increases 
in efficiency are cost effective with average levels of use. 
An increased number of run hours typical in many high-
income homes and small commercial applications (e.g., 
convenience stores, motels) may offer quicker paybacks.

Increased Efficiency to Customers: Compared to the 
2006 national efficiency standard, the best central air 
conditioners on the market save 50%; the best mini-split 
saves 66%; the best geothermal saves 73%.20 

Increased Efficiency in U.S.: Theoretically, more than 
half of energy use for ACs could be saved in 1 to 4 unit 
dwellings.  (Lack of end use data makes better estimates 
difficult).  Evaporator coils meeting the new national 
energy standard in conventional HVAC are larger, so 
they will not fit in many multifamily buildings without 
remodeling.  Either more compact technology needs to 
be developed, or the apartment units will need to use 
mini-split units to achieve major efficiency increases.

Seasonal Energy Efficiency Ratio (SEER)
0     5    10    15  20    25   30   35   40   45   50

Historical Residential Air Conditioning Efficiency
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Best 2016
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Best 2016
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Best 2016
Ground-Lp Geo

End Use: Commercial and Grocery Store 
Refrigeration 

Electric Consumption: 5% of Total U.S. Electricity.
(2% of Total U.S. Electricity in Food Sales and Service 
Alone.)

Replacement Technology: Improvement in compressor 
motor efficiency and coil designs lowers consumption.  
LEDs used in place of other light sources save electric-
ity while reducing heat, and the cooling necessary to 
offset it.  More efficient electronically commutated mo-
tors (ECMs) for condenser fans reduce electricity use, 
which also lowers waste heat and the cooling to offset it.  
Some doors are made from non-metallic materials; they 
reduce cooling losses because they are less conductive. 
“Anti-sweat” door heaters that evaporate condensate 
on display windows can cease operation at times of low 
humidity.  Automatic defrost cycles (in cold weather) 
can be changed to operate only when necessary.

Switching from open cases to closed cases can save about 
75% in some situations.21

Since less heat is emitted from efficient equipment, air 
conditioning costs are also lowered.

Cost: Since efficiency requirements are typically enforced 
by national standards, much of the cost of an efficiency 
upgrade is “free.”  Since the life of a unit is typically 15 
years, the energy use from 15 years ago can often be used 
as a baseline.  There will be cost premiums for units that 
exceed code, though this cannot be easily quantified.  
Many manufacturers include other premium features as 
well as energy efficiency in their more expensive models. 

Increased Efficiency to Customers: A detailed review 
of 4 different types of equipment showed a 40 to 80% 
reduction in energy use between the base year of 2000 
and the most recent models (2014 - 2016).22  

Increased Efficiency in U.S.: Assuming a 15-year life, a 
50% reduction would lower total use by 2.5% nationwide. 
An end use survey would define this estimate further.

Below are the charted improvements in one company’s 
product over time.  The vertical axis refers to various 
models.

Hussmann Reach-In Merchandiser
1996 Elec Defrost

2000 Elec Defrost

2001 ELECT DEF Innov-1

2003 ELECT DEF Innov-2

2013 Innov-1 ES-II

DOE 2017 Standard

2014 Innov-III ES-II

2016 Innov-II ES-II Plus
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Kwh per Foot of Door per Day
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The Leading Edge
Advanced Heating and Air Conditioning

Mini-Split HVAC – These air conditioners operate 
similar to conventional central units, with refrigerant re-
jecting or providing heat through coils on the outside of a 
building.  However, these units are relatively small; they 
provide heating or cooling for individual rooms or zones.  
Similarly, multi-split systems provide temperature control 
to several rooms through separate air blowers or “heads.”

Looking very much like glorified window units (but 
much quieter), they are usually wall or ceiling mounted, 
with a refrigerant line going right through the wall to the 
outside coils.  Some of the units have efficiency levels more 
than twice as high as central HVAC because of the use of 
inverter technology that allows the machines to run at 
partial load.  Since the full capacity of air conditioners and 
heaters is only used a few hours of the year, the seasonal 
savings from running at partial load is huge.  Even more 
efficiencies are gained because they condition limited space.  
Some have occupancy sensors that turn the units off when 
they are not in use.  Since many of these units provide air 
directly without ducts, there are no duct leaks into the attic.

These units, however, carry a premium over conventional 
systems.  At their current price, they will not pay back 
quickly unless there is large consumption, or in the case 
of niche markets.  (For instance, a newly-built room may 
save money by adding a mini-split instead of remodeling 
the existing ducts or buying a larger central unit.)

The most efficient units on the market at the end of 
2016 had a Seasonal Energy Efficiency Rating (SEER) of 
between 33 and 38, and Heating Season Performance Fac-
tor (HSPF) of 12.5 to 15.  (These compare to a SEER of 14 
and a HSPF of 8.2 required by national code in 2016.)   A 
complete list of all mini-splits on the market is available 
at: ahridirectory.org.  

The most efficient units are below 1 ton (12,000 BTUs) of 
cooling capacity, but mini-splits can be over 5 tons in size.

Geothermal Heat Pumps –Similar to conventional air-
source heat pumps, which move heat from or to the air 
to heat or cool a building, geothermal heat pumps move 
hot or cold temperatures 
through plastic pipes 
buried in the earth or 
submerged under bodies 
of water such as lakes or 
ponds.  The earth stays 
at relatively constant and 
moderate temperatures 
(50 - 70° F) a few feet 
below the surface.  

These greatly reduce energy use.  The best Ground Loop 
heat pumps in 2016 had an efficiency equal to a Seasonal 
Energy Efficiency Ratio (SEER) of approximately 49 com-
pared to the national standard for new central HVAC of 
14 SEER and a heating Coefficient of Performance (COP) 
of about 5 compared to a standard air source heat pump 
COP of 2 or 3.  Water source units, where applicable, have 
an effective SEER of 70 and a COP of 6.1.  Also, geothermal 
equipment does not need electric “strip” backup heat, which 
supplements air-source units when the outside air falls be-
low certain temperatures, raising winter bills.  (Air source 
compressors function less efficiently as temperatures fall.)

Installing the ground pipe is the major additional cost 
of the technology.  It can add approximately $2,000 per 
ton of air conditioning for vertical installations going 300 
feet deep.  This amount can be reduced though drilling in 
volume (such as installing a whole subdivision at once). 

This equipment generally has a much longer life than 
standard air sourced machines.  The plastic pipe buried 
in the ground or submerged in water carries a warranty 
of over 50 years.  The compressor itself is expected to last 
much longer due, among other things, to less stress from 
using the earth as a moderate, constant-temperature heat 
source.  Outdoor air temperature extremes of 20° F in the 
winter and 100° F in the summer are no longer straining 
the system, as the ground stays at near constant tempera-
ture year round.  Some have predicted double the lifetime.  

Geothermal heat pumps are even more cost effective in 
commercial buildings where heating, cooling, and refrig-
eration equipment run more hours.  Lubbock Christian 
University has been retrofitting its buildings with great 
success, and has plans to install these pumps throughout 
the campus.  Public schools in North Central Texas have also 
experienced monetary savings on energy bills of as much 
as 62% compared to schools with conventional systems.

Despite their higher cost, about 100,000 of these units 
are installed annually.  When added to mini-splits, alter-
native HVAC units represent about 10% of the residential 
size HVAC market. 

A complete list of geothermal heat pumps on the market 
is available at: ahridirectory.org.  Local geothermal install-
ers in the Austin area are listed on p. 79.Mini-split system installed on top of wall above doorways
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End Use: Mid-Sized and Large Commercial 
Air Conditioning

Electric Consumption: 5% of Total U.S. Electricity.
(16% of U.S. Electricity in the Commercial Sector.)
Additional 5% of Total U.S. Electricity used for Heating, 
Ventilation, and Air Conditioning (HVAC) Fan.
(Additional 16% of U.S. Electricity used for HVAC Fan 
Ventilation in the Commercial Sector.)

Replacement Technology: Many larger commercial 
buildings use one or several huge chillers.  Some employ 
multiple units sized at over 3,000 tons each (compared to 
a residential unit under 6 tons).  Other large buildings use 
multiple “Roof Top Units” (RTUs) spread strategically 
on the top of low-rise structures, ranging in size from 
13 to 73 tons each.  This sidebar discusses 2 commercial 
HVAC types, large water-cooled centrifugal chillers 
over 600 tons in size, and RTUs between 13 and 20 tons.

Cost:  Since efficiency requirements for centrifugal chill-
ers are typically enforced by code requirements (includ-
ing Austin), much of the cost of an efficiency upgrade 
will not require a price increase, though there will be 
cost premiums for chillers that exceed code.

RTUs that exceed the 2010 national standard by 64% 
have been estimated to cost 6 to 8¢ per kwh for the extra 
premium (probably less in the Southern U.S.).24

Increased Efficiency to Customers: Codes alone will in-
crease efficiency of centrifugal chillers by 41% compared 
to requirements in 1992 and 50% with Best in Class.25  
An additional 9 to 30% savings can also be obtained 
through proper Design and Commissioning.26

RTUs under new code requirements that go into effect in 
2018 can reduce electric consumption by 32% compared 
to the efficiencies in 1999.27  The best voluntary standard 
for RTUs  is 51% more efficient; and Best in Class RTUs 
can decrease energy by about 59% compared to 1999.

Increased Efficiency in U.S.: This summary has not 
evaluated the many types and sizes of chillers.  How-
ever, inferring savings from examples here indicate large 
potential, some of which is guaranteed to occur because 
of code requirements.
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Historical Efficiency of Large Centrifugal Chillers

End Use: Lighting

Electric Consumption: 15% of Total U.S. Electricity.

Replacement Technology: Light emitting diodes (LEDs) 
are semiconductors that glow. LEDs are often coated 
with white-light phosphors that glow when exposed 
to electric currents. An adaptation employs mono-color 
chips to emit light that excites a phosphor on the lamp 
surface (similar to fluorescent light).  Each chip has a 
low lumen output, and they must be clustered together 
to obtain enough light for commercial products.  LED 
replacements for most commercial light sources are 
now widespread. 

Cost: The first products for the residential market went 
on sale in about 2009.  The price for LED incandescent-
replacement was about $50/bulb for a 60-watt equivalent 
lamp; today it is generally between $1.50-$7.  Changing 
to LED light bulbs can often lead to a payback of 2 years 
in residences, and retrofitting linear fluorescent tubes 
in commercial buildings can often lead to a payback of 
less than 4 years (labor not included).23  Under some 
circumstances (such as change-out at the time of fluo-
rescent lamp ballast replacement), positive cash flow 
begins immediately. 

Increased Efficiency to Customers: LEDs can save as 
much as 58% of compared to old-line fluorescent tubes, 
and as much as 90% compared to incandescent lamps.

Increased Efficiency in U.S.: Recent studies concluded 
that if all light fixtures in the country were changed 
to LEDs, about 11% of total U.S. electricity would be 
saved.  LED efficiency levels in these studies probably 
underestimate future improvements in savings.

Additional Benefits: Due to increased efficiency, LEDs 
emit less heat than other electric light sources.  Less heat 
means about 20-50% less air conditioning in commercial 
buildings (large commercial structures are cooled year 
round).  LEDs have a rated life that is generally longer 
than other lighting types, meaning less labor for replace-
ments.  There is no mercury in these lamps, so they are 
not treated as hazardous material at the end of life.

Old 100-watt Incandescent

New 72-watt Halogen

T-12 Tube

Compact Fluorescent

T-8 Tube

Super T-8 Tube

Best 100-w Equivalent LED 2016

Best LED Tube 2016

Lighting Efficiency Improvements

Lumens Per Watt
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High Color-Quality LED Light Bulbs
Company/Model Wattage 

Equivalency 
Watts Color 

Quality 
(CRI)

Red (R9) 
Color 

Quality

Lumens Color 
Temperature K

Web Site

Civilight Architectural 40 6.5 97 80 450 2700 civilight-na.com
Civilight Architectural 40 6.5 93 80 450 3000 civilight-na.com
Civilight Architectural 40 6.5 90 80 450 5000 civilight-na.com
Civilight Architectural 60 10 97 80 800 2700 civilight-na.com
Civilight Architectural 60 10 93 80 800 3000 civilight-na.com
Civilight Architectural 60 10 90 80 800 5000 civilight-na.com
Cree TW 40 8.5 93 60 450 2700 creebulb.com
Cree TW 60 13.5 93 59 800 2700 creebulb.com
Feit Enhance 40 7.5 92 >50 485 2700 feit.com
Feit Enhance 60 9.5 92 >50 810 2700 feit.com
GE Reveal 40 7 90 ~80 450 2700 gelighting.com
GE Reveal 60 11 90 ~80 800 2700 gelighting.com
GE Reveal 75 14 90 ~80 1100 2700 gelighting.com
GE Daylight High Definition 40 4 90 ~50 300 5000 gelighting.com
GE Soft White High Definition 40 4 90 ~50 300 2700 gelighting.com
GE Daylight High Definition 60 10.5 90 ~50 800 5000 gelighting.com
GE Soft White High Definition 60 10.5 90 ~50 800 2700 gelighting.com
GE Daylight High Definition 100 17 90 ~50 1600 5000 gelighting.com
GE Soft White High Definition 100 17 90 ~50 1600 2700 gelighting.com
Green Creative Titanium 60 9 92 60 800 2700 gc-lighting.com
Green Creative Titanium 75 15 90 50 1100 2700 gc-lighting.com
Green Creative Titanium 100 18.5 90 60 1600 2700 gc-lighting.com
Hyperikon A19-E26 40 7 90 50 430 2300/3000/4000/5000 hyperikon.com
Hyperikon A19-E26 60 9 90 50 800-840 2700/3000/4000 hyperikon.com
L’Image Home Products 60 9.9 90 56 800 2700 limagehomeproducts.com
Lux A19 High CRI 60 9.5 90 57 800 2700/3000 luxtg.com
Lux A19 High CRI 60 9.5 90 57 850 4000/5000 luxtg.com
Megalight A-19 LA191430OHC 60 13.4 92 67 850 3000 megalight.com
OptoLight OP-A19DG-6.5W 40 6.5 90 54 470 2700/3000 optolight.com
OptoLight OP-A19DG-10W 60 10 90 54 800 2700/3000 optolight.com
OptoLight OP-A19DG-12W 75 12 90 57 1100 2700/3000 optolight.com
OptoLight OP-A19DG-17W 100 17 90 55 1600 2700/3000 optolight.com
Philips SlimStyle 60 10.5 90 54 800 2700 usa.philips.com
Philips CorePro 60 10 90 52 800 2700 usa.philips.com
Satco 10.5A19/OMNI/LED/90CRI 60 10.5 90 56/57 800 2700/3000 satco.com
TCP 40 7 90 50 450 2700 tcpi.com
TCP 60 11 90 50 800 2700 tcpi.com
Viribright Benchmark IIc Series 40 5 92 58 450 2700/4000/6500 viribright.com
Viribright Benchmark IIc Series 55 8 91 54 720 2700/4000/6000 viribright.com
Viribright A 19 A07EG4-6, A07EG6-6 50 7 90 61/67 640 4000/6500 viribright.com
Viribright A 19 A09EG4-6, A09EG6-6 60 9 90 58/67 820 4000/6500 viribright.com

The Leading Edge
Light Emitting Diodes – LEDs

In 2016, the most efficient LEDs on the market saved as 
much as 58% compared to fluorescent tubes, and as much 
as  90% compared to incandescent lamps. Once considered a 
scientific curiosity, lighting and utility professionals foresee 
a time when LEDs will take over the lighting market for 
all but very specialized applications. 

Efficiency: The most efficient residential products (A19 
and A21 lamps that resemble light bulbs) can be found at 
the ENERGY STAR (Star) Web site: energystar.gov/prod-
ucts/lighting_fans

The most efficient commercial products that can replace 
conventional fluorescent and metal halide lamps can be 
found at the DesignLights Consortium (DLC) Web site: 
designlights.org/qpl

Products are constantly improved and updated.  See 
company Web sites, or the Star and DLC Web sites, for 
the latest ones.

Longevity: Do not use LEDs in enclosed fixtures unless 
they are specced for them. If the lamps get too hot, this will 
corrupt the circuitry.  Do not use LEDs with dimmers un-
less they are specced to work with them.  And buy lamps 
with guarantees or the Energy Star rating. 

Color Quality: Poor light quality allows minimal ability 
for people to distinguish between shades and colors.  Light 
sources are rated by a standard called “Color Rendering 
Index,” or CRI.  Sunlight has a CRI of 100. Incandescent bulbs 
have a CRI of 99-100.  Most LEDs have a CRI of 80 to 82.

CRI is actually an average of color discrimination for 
14 different colors.  If a bulb has perfect (100) CRI for blue 
but 0 CRI for yellow, colors under this bulb will appear 
bluish and distorted. The hardest color to appear normal 
under LEDs is red.  Thus it has become a secondary color 
standard to rate LEDs for red CRI as well as average CRI.  
The spec is known as R9.  The state of California has actu-
ally created a voluntary requirement for R9 of 50.  The best 
lamps on the market in 2016 reached an R9 of 80.

The list below is for conventional (A19 and A21) LED 
bulbs in 2016 with the highest average and R9 CRI.  See 
company Web sites, or the Star and DLC sites, for updates.
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Endnotes
U.S. Energy Information Administration, Dept. of Energy, is hereafter referred to as EIA.
1 Austin Energy total savings from energy efficiency programs from 1982 through 
2015 multiplied by 1 pound of CO2 per annual kwh saved.  Savings from various 
annual reports. 
2 Analysis of ERCOT consumption and bills from EIA, “Electric power sales, revenue, 
and energy efficiency, Form EIA-861, detailed data files,” Final 2015 data, October 
6, 2016.  Online at https://www.eia.gov/electricity/data/eia861/
3 Fuel cost from EIA, Texas Natural Gas Price Sold to Electric Power Consumers, 
Data, 2006-2015.  Adjusted for inflation. Online at https://www.eia.gov/dnav/ng/
hist/n3045tx3a.htm
4 Historical billing and consumption data provided by Austin Energy.
5 “Utility Cuts Off Natural Gas Supply for a City in Texas,“ New York Times, 

September 23, 1977.  
6  U.S. Census Factfinder, Selected Housing Characteristics, Crystal City, TX, Data, 
2011-2015 American Community Survey 5-Year Estimates.  
7 Watterson, Thomas, “A court case produces a prosperous gas company,” The 
Christian Science Monitor, September 30, 1980.
8 Minutes of the Austin City Council, March 6, 1980, pp. 12-13.  
9 EIA, “Petroleum and other liquids overview, 1949–2011,” Data, Annual Energy 
Review, Total Energy, Table 5.1a, September 27, 1012.  Online at https://www.eia.
gov/totalenergy/data/annual/showtext.php?t=ptb0501a
10 “Congress Gets Energy Plan,” Austin American-Statesman, November 9, 
1973, p. 1.
11 “City Explaining Nuclear Power,” Austin American-Statesman, November 6, 
1973, p. 6.
12 City of Austin, Election History, Web site.  Online at http://www.ci.austin.tx.us/
election/search.cfm
13  Parker, Larry and Mark Holt, Nuclear Power: Outlook for New U.S. Reactors, 
Washington, DC: Congressional Research Service, Order Code RL33442, Updated 
March 9, 2007, p. 3.  
14 Smith, Michael B., “Homemade Solar Water Heater Constructed With Junk,” 
Austin American-Statesman, July 9, 1979. 
15 Hight, Bruce, “No-Nuke forces vocal at hearing,” Austin American-Statesman, 
December 13, 1978, p. 1.
16 End use percentage shares come from the following sources.
EIA, Residential Energy Consumption Survey 2009, Data.  Online at https://www.
eia.gov/consumption/residential/data/2009/index.php?view=microdata
EIA, Commercial Building Energy Consumption Survey 2012, Data.  Online at http://
www.eia.gov/consumption/commercial/data/2012/
Navigant Consulting, Inc., Energy Savings Forecast of Solid-State Lighting in 
General Illumination Applications, Washington, DC: U.S. Department of Energy, 
Solid-State Lighting Program, September 2016. 
17 A “ton” unit of air conditioning is equivalent to the cooling power of a ton of ice 
over a 24-hour period of time.
18 Includes residential and commercial buildings under 5,000 square feet.
19 Small commercial buildings not reflected.
20 Best in Class efficiencies from Air Conditioning, Heating, and Refrigeration 
Institute, Directory of Certified Product Performance, Data.  Online at ahridirectory.
org/ahridirectory/pages/home.aspx
Geothermal units are converted from EER to SEER by dividing EER by 0.92
21 “Case Closed,” Chain Store Age, February 10, 2011.  
22 Review of Hussman Corporation equipment.
23 Residential estimate assumes about $10 per 100-watt bulb and 85% savings 
over incandescent.
Commercial estimates from Op. cit, Navigant Consulting, Tables C-1, D-2, and D-4 for 
4-foot T-8 LED replacement lamps.  Costs for T-8 LEDs revised using estimated 2020 
light from Table D-2 costs per thousand lumens to account for lower current prices.
24 York, Dan, et al., New Horizons for Energy Efficiency: Major Opportunities to 
Reach Higher Electricity Savings by 2030.  Washington, DC: American Council for an 
Energy Efficient Economy, September 2015, Report Number U1507, PDF page 140.
25 Minimum efficiency levels for water-cooled centrifugal chillers from ASHRAE 
90.1 code; Best in Class efficiency represented by 600-ton water-cooled centrifugal 
magnetic bearing Smardt chiller.
26 Goetzler, William, et al., Navigant Consulting, Inc., Energy Savings Potential and 
RD&D Opportunities for Commercial Building HVAC Systems, U.S. Department of 
Energy, Building Technologies Program, September 30, 2011, p. 134.
27 Information for national standards from Dr. Michael Deru, Manager, Systems 
Performance, Commercial Buildings Research, National Renewable Energy 
Laboratory, on August 16, 2016.  The best voluntary standard in 2016 was created 
by the Consortium for Energy Efficiency.  Best in Class proxy uses Lennox 
Energence® line in 2016.
28 Based on retail prices on Home Depot Web site in 2016, average use of 20 gallons 
of hot water per person per day, and increased Energy Factors for this technology.
Energy Factors of 2.3 to 3.5 compared to 0.95.

End Use: Electric Hot Water Heating

Electric Consumption: 3% of Total U.S. Electric Use. 
(10% of National Residential Electric Use.)
3% of Total Texas Electric Use. 
(8% of Texas Residential Electric Use.)

Replacement Technology: About 47 million homes in the 
U.S. use “strip heat “ water heaters.  Other than increasing 
efficiency standards to require more insulation (which 
has already been done twice), there is not a lot more 
efficiency to be gained from this technology.  However, 
heat pump water heaters (HPWHs) act similarly to a 
refrigerator or heat-pump air conditioner, pulling heat 
from the ambient air and applying it to a water tank.

Most HPWHs are placed indoors in garages and base-
ments.  Some units similar to split air conditioning 
systems, with a condenser on the outside, have been 
developed.  Since many existing buildings do not have 
adequate space for current designs, this would allow 
more versatility and more installations.  However, these 
split-systems are currently experimental or expensive.

HPWHs have been marketed in the U.S. since the 1980s.  
They have gained more notice in recent years due to 
federal tax credits and electric utility promotion.

Cost: About $600 (50-gallon) to $1,200 premium (80-gal-
lon), with a payback in 4 years or less for a family of 4.28

Increased Efficiency to Customers: 59 to 73%, depend-
ing on efficiency rating.  

Increased Efficiency in U.S.: Theoretically, about 1.7% of 
U.S. electricity could be saved.  Given current structural 
limitations, only a fraction of potential will be installed.

Historical Residential Electric Water Heater Efficiency
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Energy Factor
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Energy Factor includes operation cycles and storage losses.
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As stated previously, intermittent renewable power from 
wind and solar PVs, without balancing generation or stor-
age, will not be able to support a modern electric system that 
requires electricity to be dispatched on demand.  Though 
a definitive number has not been established for the Texas 
ERCOT grid, in general terms, only about 25% of intermit-
tent electricity can be integrated on a conventional electric 
system without technical and/or economic trade-offs.  Even 
if technical progress pushes this limitation upwards, the 
need for dispatchable power will not go away anytime in 
the near future (if at all).

Energy efficiency, Smart Grid technologies and strategies, 
and intermittent wind power and photovoltaics can possibly 
displace or produce 40 to 50% of Austin’s per-customer 
electricity consumption on a sustainable basis.  Some type 
of steady power will be necessary for the balance.

Some environmentalists have proposed building long-
distance power lines from one region of the U.S. to another, 
with the goal of balancing load between regions.  If one 
region is low on intermittent wind and solar resources, 
another will take up slack.  This is certainly possible, but 
also expensive, and may still require some extra level of 
storage during rare but critical times.  There may also be 
resistance from state government, which intentionally set 
up the Texas ERCOT electric system independent of the 
national grid network to avoid federal regulation.

In looking at dispatchable clean energy alternatives for 
this article, both battery storage and nuclear power were 
not considered, and for good reasons.

There is considerable optimism…and hype…about the 
future of batteries for electric storage.  These are still expen-
sive, and despite vague promises, there is no certainty that 
they will be cost effective to store large amounts of power 
in the short or mid-term future.  Consider that even if the 
cost of the battery itself goes down, there are other large 
costs for shipping, taxes, installation, inverters and wiring, 
housing, temperature conditioning, maintenance, deprecia-
tion, and electric losses.  Adding enough battery power to 
store solar power for nighttime use would be incredibly 

expensive for the average ratepayer. Adding enough bat-
tery power for a week would be unimaginably expensive.1

Nuclear power is not clean energy, and is not even carbon 
free as is often claimed.  Energy used to manufacture mas-
sive amounts of concrete and steel, in addition to energy 
used to mine and purify uranium, dispose of nuclear waste, 
and decommission retired plants, emit substantial amounts 
of greenhouse gases, though less than a gas or coal plant.

The 2011 meltdown at Japan’s Fukushima nuclear station 
was still not completely contained at the beginning of 2017.  
A thousand square miles surrounding the 1986 Chernobyl 
meltdown were still contaminated and quarantined in 2017 
as well.  These are not indicators of sustainability.  Even if 
you attempt to trade these environmental disasters for less 
carbon emissions, the high costs of new reactors are a major 
deterrent to expanding the fleet of domestic nuclear plants.

Texas has no substantial amount of hydroelectric 
potential, and it also lacks substantial resources for high-
temperature geothermal energy that lie close to the earth’s 
surface (so that the wells do not require expensive drilling 
and pumping).

In this article, the Directory has examined 4 clean en-
ergy options as alternatives: 1) Biogas; 2) Biomass in the 
form of wood pellets; 3) Concentrating Solar Power; and 
4) Compressed Air Energy Storage (CAES) coupled with 
intermittent renewable energy.  The good news is that they 
are all technically feasible now, and the prices for them can 
be lower than they are today due to the learning curve of 
technology and economies of scale.  The bad news is that 
even when they reach full commercialization, they may still 
come at a higher cost than some sources of conventional 
power…if you ignore the costs to the environment.

While these dispatchable renewables can compete or 
come close to competing with new coal and nuclear plants, 
the costs for these conventional sources are so high that few 
utilities in the country are even considering them, at least 
without subsidies.  Repowering (refurbishing) and relicens-
ing existing power plants, and building new combined 
cycle natural gas plants, are preferred economic options.

This article will discuss dispatchable renewable tech-
nologies appropriate for Texas, their expected costs and 
barriers, and strategies that might keep costs down.

Biogas

The decomposition of organic matter stemming from 
animal and plant life emits methane, the primary component 
of natural gas.  Capturing this can create useful fuel for 
electric production, home heating, and transportation fuel.

In many countries, including the U.S., it is common to 
capture the waste gas from landfills and sewage treatment 
to use for electric production, and occasionally, auto fleets.  

CLEAN ENERGY ALTERNATIVES, Part 2 
A Steady Hand: Dispatchable Renewables
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Austin Energy buys biogas electricity from generators 
located in a Northeast Austin landfill.  The Austin Water 
Utility has a relatively small biogas generator at its Hornsby 
Bend Biosolids Management Plant in East Austin.

Biogas can also be produced via anaerobic bacteria (bac-
teria that do not thrive in oxygen) in digestion tanks from 
manure at animal feedlots and dairy farms, as well as food 
waste. Biogas conversion can also have a positive effect 
on the environment by creating an alternative to massive 
sewage treatment facilities while simultaneously providing 
agricultural fertilizer and animal bedding.

Texas is the largest cattle producing state in the country.  
At 11.8 million head in 2015, there was no equal.  The state 
also raised 28.3 million dairy cows, hogs, sheep, goats, 
and chickens.2  Capturing the methane from Texas com-
mercial animal production waste has the potential to create 
50.7 million MCF (thousand cubic feet) per year at a cost 
of roughly $8.12/MCF (2016 dollars, including pipeline 
transportation).3  

Capturing the methane from Texas landfills could pro-
duce another 22.7 million MCF of fuel at a cost of about 
$5.93/MCF (2016 dollars, transportation included).4  Some 
of this landfill gas has already been captured, though this 
has not been separated out in this estimate.

As a point of comparison, the average cost of gas for 
electric production over the 10 years between 2006 and 2015 
was $5.49/MCF (2016 dollars).5  While the cost of biogas is 
higher, it is low compared to other dispatchable biomass 
electric generation options discussed later in this story.  

This is a “drop-in” fuel replacement.  Biogas, when 
upgraded to natural gas pipeline standards, has a very 
similar heat value to the conventional fuel, but the supply 
is almost insignificant compared to Texas’ energy demand.

If the entire estimated supply of animal manure and 
landfill gas in Texas were processed for biogas production, 
it could supply slightly more than Austin’s total electric-
ity consumption in 2016 if the fuel were consumed in the 

most efficient gas plants currently available.  However, 
since Austin is part of the ERCOT balancing grid, the bio-
gas supply would amount to only about 4% of total grid 
consumption in 2015, and ERCOT consumption between 
2006 and 2015 grew at an average of 1.5% a year.6

 
Another complication for biogas in the production of 

electricity is that due to federal tax credits, it can often get a 
better price in the auto-fuel market for natural gas vehicles 
than it can for electric production.

There are also environmental and health risks to the 
over-consumption of animal food. 

• Feedlot animals are often grain fed, and it takes several 
times as much grain to produce the same amount of animal 
food.  Collateral damage from farming, including use of 
artificial pesticides and fertilizers, soil erosion, and fossil-
fuel powered equipment and transportation, are magnified.  

• Most modern animal farming is conducted in Con-
fined Animal Feeding Operations (CAFOs), where often 
unsanitary conditions create more disease, motivating large 
use of antibiotics. 

• In 2014, about 2.8% of U.S. greenhouse emissions came 
directly from livestock digestion.7  This does not take into 
account energy used in raising and transporting feed grain.

• Diets with a large percentage of animal food have 
been linked to heart disease, diabetes, and certain cancers.8  

Despite these concerns, it is not likely that most Texans are 
going to become vegans any time in the near future.  Turn-
ing wasted biogas into a resource, to the extent available, 
becomes a starting point for replacing conventional fuels.

Growing Coal: Biomass Electric Power

Fossil fuel supporters have frequently defended the use of 
coal by sarcastically claiming that it is “green.”  Technically, 
they are correct.  Coal was created from undecayed trees 
millions of years old that have hardened under geologic 
pressure.  The comparison stops there though.  Extraction 
techniques, combustion characteristics, and the quantity 
of supplies are totally different.

Theoretically, given enough land, money, and political 
will, the state could run a noticeable percentage of its grid 
with biomass produced from wood and crop land.  The dif-
ficulties of this concept, however, are formidable.  Consider:

• The coal for Austin’s Fayette Power Plant comes from 
Wyoming.  A 100-foot thick coal seam there can produce 

Biogas anaerobic digestion tanks produce renewable fuel 
to fill in the gaps of intermittent wind power

While the cost of biogas is higher than natural 
gas, it is low compared to other biomass electric 
generation options.  But there is limited supply.  

Alternatives – Dispatchable Renewables
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about 180,000 tons per acre.9  Wood harvesting, under opti-
mal conditions, produces about 8 tons per acre annually.10  
Considering an 8-year harvest rotation (again, optimal 
conditions), that amounts to 64 tons per acre per harvest.

• Coal mines have conveyor belts and railways stra-
tegically located nearby.  Favorable economics for wood 
assumes a nearby road, which is often not the case; and 
wood is often hauled by truck, which is much more ex-
pensive than rail.

• Depending on the tree species, wood can be half water 
before it is dried.  Only about a quarter of coal is moisture.

• When completely dry, sub-bituminous coal has more 
than 4 times the mass per BTU as wood.  You can co-fire 
wood chips in coal power plants, but this will reduce (de-
rate) plant capacity and energy production because not as 
much heat per unit of mass is generated.

• In 2014, the state of Texas produced about 20 million 
tons of greenwood (half water) from the lumber industry.  In 
the same year, it consumed about 102 million tons of coal.11

• Given the size of Texas, it would be possible to create 
a wood-fuel industry to sustainably replace some fraction 
of the state’s current coal use with wood.  Due to growing 
cycles, however, it would take about a decade to establish 
plantation forests.  And the amount of land required is vast.  

Austin’s own coal use in 2014 amounted to about 2.2 mil-
lion tons, providing 32% of its electric needs.12  Supplying 
wood to replace just Austin’s share of the Fayette coal plant 
would have required an area of almost 600 square miles, 
half the size of Travis County.13  Coal replacement for the 
entire state in 2014 would have required an area equal to 
the states of New Hampshire and Vermont combined.14

Carbon-free Carbon

Burning wood is technically carbon neutral.  Burning it 
emits carbon, but this is reabsorbed through photosynthesis.  
The only carbon emissions in excess of the carbon cycle are 
from harvesting and transportation of the fuel.  There are 
several strategies employed in displacing coal with wood.

White Pellets – Wood is dried, ground into powder, 
pelletized, and shipped to a power plant, both to reduce 
shipping costs and to increase the heat per mass to resemble 
conventional coal. Derating of generation capacity is mini-
mal or non-existent.  However, it costs considerable money 
to process wood chips into pellets.  It takes more money to 
modify the coal plant with pellet storage to keep them from 
absorbing moisture.  Given the expense of complete conver-
sion, some plants co-fire pellets with coal to reduce costs.

Black (Torrefied) Pellets – Torrefaction is a type of 
wood processing where wood chips are roasted in a low-
oxygen environment, similar to the way coffee beans are 
processed.  This renders the chips (and sometimes the 
pellets), hydrophobic, so they can be stored in the open 
like coal instead of in an expensive storage building.  Tor-
refied pellets also have a higher heat value per mass than 
conventional pellets, making them less expensive to ship 
and derating of power plants even less likely.  The process 
has an extra advantage of potentially being able to re-use 
volatile organic gases emitted during pellet production as 
fuel.  While torrefaction is probably the future of the pellet 
industry, most pellet manufacturing plants still do not use it.

Pellets are rarely used in North American power produc-
tion.  However, they are used elsewhere to such a degree 
that some of America’s woodlands are becoming de facto 
provinces of other countries in Western Europe and Asia, 
which import pellets in large quantities.  Internationally, 
about 27.1 million metric tons of pellets were burned in 
2014, with 14% of this produced in the U.S., the largest 
producer of wood pellets in the world.16  

Black and white wood pellets

Austin’s Biomass Plant

An impediment to Austin’s involvement in wood 
pellet conversions is the stigma of the “Biomass Plant” 
in East Texas.  In 2008, Austin Energy committed to buy 
the electric production from a 100-MW power plant 
owned by Nacogdoches Power burning unpelletized 
lumber waste.  At the time, gas was at record high prices, 
and it appeared that the U.S. Congress might approve 
a carbon tax.  These factors would have made the very 
high price of this dispatchable power plant, 14.6¢ per 
kwh, seem more reasonable.15  

The Austin City Council approved the contract over 
the protests of environmentalists, fiscal conservatives, 
and even some East Texas residents who came all the 
way to Austin to protest.

Since the Biomass Plant was approved, natural gas 
prices have plummeted, no U.S. carbon tax has been 
enacted, and the contract has been widely decried as a 
boondoggle.  Austin Energy is obligated to pay a capacity 
cost of $54 million a year (about 4% of utility revenues 
in 2015) whether or not the plant operates; and it is so 
expensive to operate that it is idle most of the year.

Replacing the coal burned in Texas in 2014 with 
wood requires a plantation forest equal to the 
area of New Hampshire and Vermont combined.

Alternatives – Dispatchable Renewables
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In 2014, European Union countries burned 18.8 million 
metric tons of wood pellets, with about 21% of this coming 
from the U.S.17  These are combusted for power plants as 
well as building heat.  But to give you a sense of propor-
tion, if all EU wood pellets consumed in 2014 were used 
to create electricity, it would be enough to fuel 4,100 MW 
of coal power plants.18  (This compares to Austin’s share 
of the Fayette coal plant at 602 MW.)

With overseas shipping and plant conversion costs, the 
price is around $10 per million BTUs, compared to fuel 
burned at Austin’s coal plant at about $2.15 per million 
BTUs.19  European utilities tolerate this high cost due to 
subsidies afforded them by their governments that encour-
age low-carbon fuel.  While torrefaction could lower costs 
to a degree, it is important to realize that most of the price 
for pellet manufacturing is in producing and transporting 
the wood.

At least one utility in the U.S., Portland General Electric 
(PGE), is studying biomass conversion of its (Boardman) 
coal plant located in Oregon near the Washington border.  

However, the plant runs head-on into the same economic 
conflict: how to justify the higher costs of wood when it is 
only paying $2.50 per million BTUs for the coal.  Strategies 
to justify or lower costs include: 1) only operating the plant 
for 6 months (during peak winter and summer seasons) to 
compete with higher priced power; 2) using waste wood 
and biomass sources from forest fires, land clearing, etc. 
(in some cases, the plant might even receive a tipping fee 
for taking the waste wood); 3) using the plant to meet a 
future state or federal mandate or tax for carbon reduction.

Concentrating Solar Power

Concentrating Solar Power (CSP) employs sophisticated 
tracking mirrors to focus direct sunlight, creating heat to 
boil a working fluid for turbine-power generation.  Rela-
tively few people realize how advanced the technology 
has become.  

Some configurations have separate mirrors focusing on 
a single point, often located on a “tower” several hundred 
feet above the ground.  Other technologies use parabolic 
“troughs” or concave dishes to focus sunlight on a heat pipe 
running a few feet above them at the focal point.  

Coupled with thermal storage, CSP can be dispatched 
on demand well into night.  At least one CSP plant in South 
Africa has operated continuously for a 24-hour period.

To operate economically, CSP needs large amounts of 
direct sunlight found in the Western U.S., including parts 
of Arizona, Colorado, California, Hawaii, New Mexico, Ne-
vada, Texas, and Utah.  In the Southwestern United States, 
there are 307,000 square miles of suitable area, enough area 
with intense direct sun and low slope to provide almost 
20 times the country’s total electric use.20  (Theoretically 
this is enough to provide electricity to the entire world at 
3 times its 2015 consumption.)21  

In Texas, there are 91,000 square miles of potential site 
area, enough suitable land to provide 58 times the state’s 
electric consumption in 2014.22  Just 6/10ths of 1% of the 
state’s land area (1,562 square miles) could provide all the 
electricity the state consumed in 2014.  

The first commercial CSP plants in the world were in the 
U.S.  Nine small plants totaling 354 MW have been operating 
in the Mojave Desert for almost 3 decades.23  The largest 
of these plants is 80 MW in size.  Built between 1985-1989, 
they have an impressive record: maintenance costs have 
come down while generation output has increased.  These 
plants generate about 90% of their power from solar energy 
while employing natural gas as backup.  As such, they can 
operate at over 100% of their designed capacity, and their 
output coincides with the utility’s peak demand.24 

In 2015, there were about 4,650 MW of CSP in the world, 
with 38%of this in the U.S.  Spain is actually the leader, 
with 50% of the total.25  In 2014, CSP produced about 2% 
of Spain’s total electric consumption.26 

Solar vs. Solar

There are, however, few if any new CSP plants planned 
for the U.S. at this time.   Ironically, this is due to the plum-
meting cost of solar energy.

A CSP plant built in 2016 would cost about 12¢/kwh in 
the U.S.27  This would fall to about 9-10¢/kwh with federal 
solar tax credits.28  This is profoundly lower than CSP prices 
were just a few years ago, 21¢/kwh, but profoundly higher 
than the plummeting cost of solar cells, which cost only 3 
to 5¢/kwh for utility-scale projects in 2015-2016.29

Hundreds of thousands of mirrors focus on a solar tower to 
produce heat for electric generation
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In Texas, there is enough suitable land for Con-
centrating Solar Power to provide 58 times the 
electricity the State consumed in 2014.
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U.S. electric utilities required to meet state renewable 
energy purchase requirements utilized solar cells and wind 
power because they were cheaper.  While CSP has the 
distinct advantage of being dispatchable through onsite 
thermal storage, utilities will not look favorably on CSP 
until the amount of less-expensive intermittent renewable 
energy exceeds what can be easily integrated into the grid.

To stay alive, companies that build CSP technology and 
projects have almost completely abandoned the U.S.  In 
the 2016 world market, there were about 1,400 MW under 
construction, and as much as 4,300 MW of new power being 
planned.30  China has set a goal of 10,000 MW by 2020, and 
Saudi Arabia has apparently embraced competition to its 
own fossil fuel by setting a goal of 25,000 MW by 2040.31

Motivations for building CSP include making use of 
sunny climates, reducing carbon, building dispatchable 
renewable power, and reducing the high cost of imported 
fuel.  Its use in some oil-rich countries such as Saudi Arabia 
is motivated by the opposite reason: consuming locally 
available renewable resources allows the country to redirect 
locally produced fossil fuels for export to earn more money.

A Plug-In Solution?

Of the four renewable baseload alternatives appropriate 
for the Texas ERCOT region, CSP is the one most likely to 
succeed in the mid-term.  Unlike wood pellets, it will not 
take a decade or more to establish plantation forests of 
unprecedented scale.  Unlike biogas, the resource is much 
more available.

The generation equipment can use natural gas as onsite 
back-up on days when direct sunlight is not available in 
sufficient quantity, raising the capacity and lowering the 
fixed cost of the plant on a kilowatt hour basis.  Such co-
generation strategies can even employ “Integrated Solar 
Combined Cycle” power plants, where the most modern 
and efficient combined cycle gas units use solar heat as a 
booster that allows the plant to use less fuel.

While it is unfortunate that the U.S. is not taking an 
active role investing in more domestic production, the 
economies of scale may happen anyway over the next 5 
to 10 years because of growth in the world market – it will 
just take longer.

The larger problem with CSP is that even when its costs 
fall, it may still not be enough to compete with some forms 
of conventional power…unless environmental costs are 
taken into account.

If the current cost of CSP is 10¢/kwh, and it falls by half 
to the target goal of 5¢/kwh through better technology 
and economies of scale, it cannot compete with the Texas 
wholesale power price of about 4¢/kwh in 2014, let alone 
2.8¢/kwh in 2015.32  To be competitive, gas costs will have 
to rise, or environmental costs will require compensation.

Compressed Air Energy Storage With Renewables

Another approach to creating dispatchable electrical 
power is to use Compressed Air Energy Storage (CAES) in 
conjunction with intermittent renewable energy.

CAES uses a simple concept.  An air compressor is located 
next to a geologic formation like a salt dome, an aquifer, or 
abandoned mine or oil well.  Electricity from wind power, 
cheap night-time off-peak generation, or another desired 
source is used to drive compressed air into the formation 
at 100 times normal pressure.  Storing air is similar to stor-
ing natural gas, which is quite common in the U.S.  (The 
country has enough gas storage capacity to contain about 
15% of total current domestic use on an annual basis, which 
is employed during seasonal peaks.)

Pressurized air is much more powerful when heated 
in a combustion turbine than air at standard pressure.  So 
when this plant is needed later to fill in the valleys and ramp 
down the peaks of intermittent power, the pressurized air 
is heated (the most economic fuel being natural gas), and 
run through this combustion turbine to create electricity.  

The process is about 54% efficient in terms of storing 
energy, compared to some battery technologies that can 
exceed 90%.33  This lower efficiency, however, is offset 
because: 1) CAES is profoundly less expensive than any 
other electric storage option in the ERCOT region; 2) most 
of the electricity that is stored can be carbon free; 3) in 
balancing intermittent renewables, it only runs a small 
percentage of the time.  

To the last point, if intermittent wind provided 80% of 
electric load, and the CAES plant provided 20%, then the 
entirety of the CAES/Renewable dispatchable “plant” 
would only require about 12% fossil fuel.

While all the technology is off the shelf, the proven 
components have only been combined twice in a commer-
cial CAES operation: a 290-MW power plant in Germany 
commissioned in 1978; and a 110-MW plant in McIntosh, 
Alabama completed in 1991.

GeneratorLow
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Since these plants have to be built to scale to be as cost 
effective as possible, and since the economic value of energy 
storage has not been widely acknowledged in the electric 
utility industry until recently, most companies have not been 
willing to build the first plant in a generation.  A 317-MW 
plant could cost about half a billion dollars.34  

A CAES/Renewables plant can compete with a new 
dispatchable gas power plant when fuel costs are only 
about 15% higher than the 10-year average cost of gas, but 
would still need a small percentage of its energy from fossil 
fuel.35  Biogas could also be used, albeit at higher prices, 
but there are (previously discussed) limitations to supply.  

Another possibility is co-fueling the CAES plant with 
hydrogen. People have been fantasizing about the “hydro-
gen economy” since at least the 19th century (science fiction 
writer Jules Verne).  While hydrogen is the most plentiful 
element in the universe as we know it, it is extraordinarily 
expensive to produce with electricity.  Ironically, most hy-
drogen produced in the U.S. is used for oil refining.

Co-fueling CAES with hydrogen produced from renew-
able energy would make this proposal completely carbon 
free…but removing carbon is hardly free.   

Producing hydrogen electrolytically would lose 39% of 
wind or solar energy due to inefficiencies in the process.36  
The hydrogen fuel would lose another 46% in the CAES 
process.37  You also have to consider the cost, which could 
easily be $28 per MMBTUs, about 5 times the average cost 
of natural gas used in Texas generation in recent years.38  
However, since only a small fraction of this expensive en-
ergy would be used for the CAES/Wind process, electricity 
would generally be about 7¢ per kwh.39

A Cause for Speculation: 
Estimating Future Power Costs40

Attempting estimates of the future costs and technologi-
cal development of electric generation, both conventional 
and renewable, always have blatant elements of uncertainty.  
Fuel costs often gyrate with volatile demand.  Construction 

projects have overruns.  New technologies have unforeseen 
breakthroughs.  Financial interest rates rise and fall.

Costs presented here are suggested with the sober realization 
that they are based on the most current information available.  
Engineering studies of any future generation project are essen-
tial and could revise these estimates.  Also, these are generally 
“overnight costs” that do not take into account the inflation and 
interest accrued in building a plant.  While solar and gas plants 
are constructed relatively quickly, a nuclear plant can take over 
a decade to complete.

Combined Cycle Natural Gas Plant – These efficient 
plants recapture much of the waste heat that was produced 
in older simple cycle plants.  This is the benchmark for pre-
ferred new conventional power plants for Austin Energy 
and many other utilities today.  The cost estimate contains 
the cost of $5.49 per MCF in 2016 dollars, the average price 
between 2006 and 2015.  

Gas is a volatile fuel (no pun intended).  To predict that 
the price will stay relatively low for the 30-year life of the 
power plant is not supported by history.  If the average 
price goes up 13%, CAES with wind and gas breaks even 
with a combined cycle plant.  Currently, CAES plants are 
being proposed for grid stabilization (“ancillary services”), 
which justifies this higher cost.

If gas goes up 47%, biogas fuel breaks even with con-
ventional fuel.  (The last time that natural gas was this 
high was in 2008.)

CAES With Wind and Hydrogen Fuel – To most people 
in the utility industry, suggestion of using electrolytically 
produced hydrogen in place of natural gas is preposterous. 

This estimate assumes the 2016 cost of hydrogen is 5 
times higher than the assumed cost of natural gas in the 
chart above. This assumes the approximate current cost 
of electrolysis equipment.41  While the industry has not 
ramped up to mass production yet, most of the cost of 
hydrogen is in the cost of electricity needed to produce it.  
(The cost is assumed here to be 3¢/kwh for wind power.)  

Load profile of CAES/Wind plant providing electricity on demand
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Hydrogen is about 5 times the cost of natural gas 
in Texas in recent years, but since only a small 
fraction of it would be used for the CAES/Wind 
process, the cost would generally be about 7¢/kwh.
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DISPATCHABLE GENERATION 
ESTIMATED COST - 2016 DOLLARS

Generation Cost/Kwh
Combined Cycle Gas Plant $0.044 
CAES/Wind/Gas $0.048 
Combined Cycle Gas Plant w/Biogas $0.059 
CAES/Wind/H2 $0.067-$0.069
CAES/Wind/H2 – Future $0.059-$0.060
New Coal $0.061 
White Wood Pellets in Existing Plant $0.097-0.101 
Torrefied Wood Pellets (Future) in 
Existing Plant $0.075-$0.082

Concentrating Solar Power – Now $0.098 
Concentrating Solar Power – 2025 $0.048 
Nuclear $0.070
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It is important to remember that gas is only used for 
about 12% of the process, with direct or stored wind gen-
erated electricity being the majority of cost.  So the impact 
of high-cost hydrogen is greatly limited.

This estimate is in some sense conservative in that it 
assumes the CAES/Wind/Hydrogen plant is used to fol-
low load.  Dispatching power at opportune times, using 
the plant for higher-valued grid stabilization, and selling 
oxygen produced as a by-product will earn extra revenue 
and lower the effective cost of hydrogen production.  

 
Coal and Wood Power – Using white wood pellets in 

Austin’s existing power station would substantially increase 
costs.  The cost of torrefied pellets, while still a develop-
ing technology, can be reduced by funding the production 
plant with municipal bonds, reusing the waste gas from the 
production process, and buying low-cost wood supplies.  

However, even using torrefied pellets in an existing plant 
could be higher than a new coal plant, though few new 
coal plants are being built in the U.S. due to the high first 
cost, competition with gas, and fears of carbon regulation.

Concentrating Solar Power – The current costs here 
assume municipal bond rates, a 30-year life, and 10 hours 
per day of storage.  It is anticipated that price will fall by 
about 50% by 2025.

Nuclear Power – This author believes the cost cited 
here is unrealistically low in a technology infamous for 
cost overruns and construction delays, but it is the best 
estimate available.  Low-interest municipal bonds were 
also assumed, though given the financial risk associated 
with nuclear power, investors may demand higher interest 
rates.  Average fuel, Operation & Maintenance costs, and 
Capacity Factors (percentage of operation per year) for the 
current fleet of U.S. nuclear plants were also used.

Mitigating Circumstances: Ways to Reduce Costs

The costs of dispatchable renewable electricity discussed 
in this article are not orders of magnitudes higher than the 
benchmark cost of a new gas plant.  However, there are 
many ratepayers who will not want to pay a penny more 
than they do now.  There are at least five strategies that can  
mitigate price increases caused by these new power sources.  

1. Phase-In of New Power Sources – The cost of a new 
power plant will typically be phased in and blended in to 
the overall generation fleet, so incremental price increases 
caused by new facilities are not that steep.  

2. Blend-In of Cheaper Clean Energy Sources –About 
half of Austin Energy’s expenses in 2016 were for transmis-
sion, administration, and other non-generation purposes.  
About 40-50% of electricity can probably be provided 
or deferred through affordably priced energy efficiency, 
smart grid techniques and technologies, and intermittent 

renewable power.  So even if dispatchable renewable elec-
tricity is more expensive, it may not raise the overall cost 
of electricity proportionally or outrageously.

Example: If 50% of retail electric price is not related to 
generation, and 20% can be displaced with intermittent 
renewable energy, cost-effective efficiency, and smart grid 
technologies, then even a 50% premium for dispatchable 
renewables would only result in a 15% increase in overall 
consumer costs (50% increase X 30% of remaining cost).  
Note that not all energy-efficiency savings will be seen in 
lower rates, but they will be seen in lower bills.

3. Collaborative Investment in New Technologies – 
Some dispatchable technologies will need innovation and 
economies of scale to bring their price down.  A large-scale 
consortium is needed, made up of other utilities, institutions, 
and governments (federal, state, and local) to accelerate 
the commercialization of alternative energy development. 

Part of the funding might come from a voluntary sub-
scription on the electric bill, similar to Austin Energy’s 
popular GreenChoice rate for renewable energy.  A man-
datory surcharge on the electric bill will also be necessary, 
but it would be partially compensated by revenues from 
the renewable power plants that are built with the funds.  

For instance, if several billion dollars were collectively 
raised to commercialize Concentrating Solar Power, and the 
state of California paid CSP plants higher prices than the 
Texas market, then the plant would be built in California 
and the investment revenue made from Texas ratepayers’ 
money would be routed back to them.

4. Capacity Market – The ERCOT electric system is 
an “energy only” market that awards more expensive 
dispatchable electricity the same price as less expensive 
intermittent renewables.  Creating a “capacity” market that 
awards value to dispatchability would be a great equalizer. 

5. Soliciting Grants for Pilot Projects – Reliance on 
grant money to completely subsidize a fleet of dispatchable 
renewable power plants is not likely to succeed.  However, 
asking funding from federal, state, and non-profit sources 
for prototypes is a strategy that might gain traction.  Such 
pilots might include CAES using hydrogen or waste heat 
from the air compression process instead of natural gas. 
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of electricity proportionally or outrageously.

Alternatives – Dispatchable Renewables 113



3 American Gas Foundation, The Potential for Renewable Gas, September 2011, 
Table 22. Adjusted for inflation and with 30¢ added per MMBTUs for transportation.
4 Ibid.
5 EIA, Texas Natural Gas Price Sold to Electric Power Consumers, Data, 2006-
2015.  Adjusted for inflation to 2016 dollars.  Online at https://www.eia.gov/dnav/
ng/hist/n3045tx3a.htm 
6 73.4 Million MCF consumed in a GE Harriet Class combined cycle plant at 5,964 
BTUs/Kwh will generate about 12.7 Twh/year, about 4% of 351 Twh consumed in 
ERCOT in 2016.
ERCOT, “Long-Term Load Forecasts,” Austin, TX: data from 2006 to 2015.  Online 
at ercot.com/content/images/charts/annualEnergy_01-16.png
7 U.S. Environmental Protection Agency, Inventory of U.S. Greenhouse Gas 
Emissions and Sinks: 1990– 2014, EPA 430-R-16-002, Washington, DC, April 15, 
2016, Tables 2-1 and 5-1.  
8 Tilman, David & Michael Clark, “Global diets link environmental sustainability and 
human health,” Nature, Volume 515, November 27, 2014, p. 520.  
9 Wyoming Mining Association, “Coal,” Cheyenne, WY, accessed 2/1/17.  Online 
at http://www.wyomingmining.org/minerals/coal/
10 Perlack, R.D. and B.J. Stokes, U.S. Billion Ton Update, Oak Ridge, TN: U.S. 
Department of Energy, Oak Ridge National Laboratory, August 2011, p. 116.  
(Assumes Southern Pine.)
11 Tons of lumber from Edgar, Chris, et al., Harvest Trends 2014, College Station, 
TX: Texas A&M Forest Service, September 2015, p. 19.
Tons of coal from EIA, Beta, “Coal Data Browser,” Data.  Online at eia.gov/beta/
coal/data/browser/
12 Percentage from Austin Energy, Annual Performance Report, Year Ended 2014, pp. 15,17.
Tonnage derived from heat rate of 17 MMBTUs/ton ÷ 10,400 BTUs per kwh divided, 
in turn divided into total kwh production from plant at 75% capacity.
13 Number of acres assumes 602,000 KW X 75% capacity X 8,766 hours ÷ (16 
million BTUs per dry ton X 8 dry tons/acre X 87% torrefaction conversion efficiency 
÷ 10.400 BTUs per Kwh).  This is then divided by 640 acres per square mile to get 
about 578 sm, about half of Travis County’s 1,023 sm.
BTUs/kwh for Fayette coal plant for 2014: 10,400 high heat value (Derived from 
U.S. Environmental Protection Agency, “Air Markets Program Data,” Washington, 
DC, accessed 12/12/15.  Online at https://ampd.epa.gov/ampd/
14 Total electricity production for coal in Texas from ERCOT Quick Facts, Austin, 
TX, December 2015..  Fayette coal plant made up only about 2.9% of the electricity 
generated from coal in Texas in 2014.  
15 Mathis, Michael, “Largest U.S. Biomass Plant to Be Built Near Austin, Texas,” CBS 
News, September 19, 2008.  ($2.3 billion over 20 years; 100 MW; 90% Capacity Factor).  
16 Dale, Arnold, “Production and Consumption of Wood Pellets in the European 
Union, Halifax,” Nova Scotia, Canada; WPAC Conference, November 2015, slide 3.
17 Ibid, slide 5.
18 Assumes 10,500 BTUs/kwh; 75% plant capacity; white pellets at 15 million 
BTUs/metric ton.
19 European Wood costs from Note 40, Argus Biomass Markets.
20 Lopez, Anthony, et al., U.S. Renewable Energy Technical Potentials: A GIS-
Based Analysis, National Renewable Energy Laboratory, NREL/TP-6A20-51946, 
July 2012, Table 5.  U.S. electric consumption in 2015 assumed to be 4,100 Twh.
21 Worldwide electric production from BP Statistical Review of World Energy, 
June 2016.
22 Note 20, p. 13, and EIA.  Texas electricity was 390 Twh.  Texas land is about 269,000 s.m.
23 Presentation by Fred Morse, renewable energy consultant, in Austin on February 
24, 2005.
24 Ibid.
25 Whiteman, Adrian, et al., Renewable Capacity Statistics 2016, International 
Renewable Energy Agency, p. 32.  
26 SolarPaces, “Spain,” Tabernas, Almería: Spain, accessed 2/5/17.  Online at http://
www.solarpaces.org/country-information/spain
27 Mehos, Mark, et al., On the Path to SunShot: Advancing Concentrating  Solar 
Power Technology, Performance, and  Dispatchability, NREL/TP-5500-65688. 
Golden, CO: National Renewable Energy Laboratory, Table 6, pp. 31-32.  
28 Ibid.
29 Mahapatra, Saurabh, “New Low Solar Price Record Set In Chile — 2.91¢ Per 
kWh!,” Cleantechnica, August 18th, 2016.  
Dipaola, Anthony , “Cheapest Solar on Record Offered as Abu Dhabi Expands 
Renewables,” Bloomberg News, September 19, 2016. 
30 Op. cit., Mehos, Mark, et al., On the Path to SunShot, p. 3.  
31 Ibid., pp. 4-5.
32 Solar costs from Note 40.
33 CAES efficiency from Jack Farley, President of APEX•CAES, on October 24, 2016.
Op. cit., Lazard’s Levelized Cost of Storage.
34 Capital costs from Jack Farley, President of APEX•CAES, on May 31, 2017.  
$1,560,000 per MW X 317 MW.
35 Note 40.
36 Note 40, Electrolysis efficiency from Ainscough, Chris,  et al.
37 Note 33, Farley.
38 Cost of gas from Note 5.
39 Note 40.

40 Nuclear
Fuel and Operation & Maintenance cost (2015) from EIA, Electric Power Annual 
2015, PDF p. 170, adjusted for inflation to 2016 dollars.
Capital Costs; EIA, “Updated Capital Cost Estimates for Utility Scale Electricity 
Generating Plants,” Washington, DC, November 22, 2016.  
Assumed baseload capacity of 90%
Nuclear Capacity from Nuclear Energy Institute, “US Nuclear Capacity Factors,” 
Washington, DC, 5-year average.
Assumed municipal interest rate of 4% for 30 years.
Gas 
Capital Cost from Navigant Consulting, Inc., Independent Review of Austin Energy 
Resource Plan, Prepared for City of Austin, Austin, TX, November 13, 2015, p. 4-19, 
adjusted for inflation to 2016 dollars.
Assumed baseload capacity of 75%.  Assumed municipal interest rate of 4% for 
30 years.
Fuel cost is EIA, Texas average for Electric Power Consumers from 2006-2015 
adjusted for inflation to 2016 dollars.  Online at https://www.eia.gov/dnav/ng/hist/
n3045tx3a.htm
Heat rate of 5,964 BTUs/kwh calculated by adjusting lower heat value of GE Harriet 
turbine class (5,383 BTUs) by 1.108
Fixed and Variable O&M costs from Op. Cit., Navigant Consulting, p. 2-4, adjusted for inflation.
Biogas
All costs but fuel are same as gas costs above.
Fuel from American Gas Foundation, The Potential for Renewable Gas, September 
2011, Table 22, adjusted for inflation to 2016 dollars; 30¢/MCF added for transportation.
CAES/Wind/Gas
Capital, O&M Costs, and fuel efficiencies from Jack Farley, President of APEX•CAES, 
January 23, 2017 and May 31, 2017.  Assumed 4% interest for 30 years.
Gas fuel costs from Op. cit, EIA.  Wind cost estimated to be 3¢/kwh
80% of wind is estimated to be used directly, with CAES unit providing balance of 20%.
CAES/Wind/Hydrogen – Current
Capital, O&M Costs, fuel efficiencies, and wind costs from above.
Hydrolysis equipment cost and electrolytic efficiency from Ainscough, Chris,  et 
al., “Hydrogen Production Cost From PEM Electrolysis,” Washington, DC: U.S. 
Department of Energy, July 1, 2014, Table 4, p. 7; adjusted for inflation to 2016 dollars.
Low cost storage from Shawn Patterson, APEX•CAES, on January 30, 2017.
High cost storage from Federal Energy Regulatory Commission, Current State of 
and Issues Concerning Underground Natural Gas Storage, Docket No. AD04-11-000, 
Washington, DC, February 2004, p. 25.  Number adjusted for inflation to 2016 dollars.  
Adjustment: 42% of hydrogen energy can be stored in same space as natural gas.  
From Mignard, D., Wilkinson, M. & Amid, A., “Seasonal Storage of Hydrogen in a 
Depleted Natural Gas Reservoir” International journal of hydrogen energy, Volume 
41, Issue 12, April 6, 2016, pp. 5549–5558.
Storage cushion gas assumed to be 50% of storage volume.
CAES/Wind/Hydrogen - Future
Capital, O&M Costs, fuel efficiencies, and wind costs from above.
Future hydrolysis equipment cost and electrolytic efficiency from Op. cit, Ainscough, 
Chris, et al.
New Coal
Capital Cost, O&M costs, and Heat Rate from Op. cit., EIA, “Updated Capital Cost 
Estimates for Utility Scale Electricity Generating Plants.”
Assumed baseload capacity of 75%.
Assumed municipal interest rate of 4% for 30 years.
Fuel cost average from Fayette coal plant EIA 923 for 2013-2015 ($2.15 per MMBTU 
in 2016 dollars) ÷ Heat Rate
White Wood Pellets in Existing Plant
Argus Biomass Markets, Issue 16-014, April 6, 2016. p. 2.  Cost for industrial wood 
pellets from U.S. Southeast, 2nd Q 2016, adjusted to dollars from Euros.  Ocean 
freight costs not included.
Includes 7.8¢/kwh for fuel and 1.9-2.3¢/kwh for existing Fayette plant capital, 
conversion cost, and O&M.  Assumed 4% interest for 30 years and $350 -700/KW 
conversion costs for the Atikokan coal plant conversion completed in 2014, adjusted 
for inflation.  (No overnight cost available.)
Torrefied Wood Pellets (Future) in Existing Plant
Based on Tiffany, Douglas G., “Economics of Torrefaction Plants and Businesses 
Buying their Products,” (presentation to Heating the Midwest conference), August 
25, 2013, p. 11.  Adjusted to 2016 dollars.  Online at http://heatingthemidwest.org/
wp-content/uploads/Tiffany.pdf
Trucking costs from forest to chipper from Qian, Yifei and Will McDow, The Wood 
Pellet Value Chain, U.S. Endowment for Forestry and Communities, March 2013, 
p. 13.  Adjusted to 2016 dollars.
Trucking costs from chipper to plant from Gonzales, Daniela, et al., “Cost analysis 
for high-volume and long-haul transportation of densified biomass feedstock,” 
Transportation Research, Part A 49 (2013) 48-61.  Adjusted to 2016 dollars.
Assumes gas cost credit from volatile gases equal to natural gas fuel costs above.
Concentrating Solar Power - Now and in 2025
Capital Costs, Capacity Factors, and O&M Costs from Op. cit., Mehos, Mark, et 
al., On the Path to SunShot.  Assumed municipal interest rate of 4% for 30 years.
41 $1,000 per KW of capacity.
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CLEAN ENERGY ALTERNATIVES, Part 3 
The Smart Grid

Energy efficiency goes beyond installing efficient equip-
ment and retrofitting buildings.  It also means modifying the 
electric system itself to be more efficient with conservation-
based rates, smart thermostats, and efficient management 
of the distribution system.  

On a broader level, energy storage located at the point 
of consumption is also important for a clean energy grid.  It 
allows the ability to save intermittent renewable generation 
for times when it is most needed while lowering electric 
bills, particularly for commercial customers.  It is also, in 
its own way, an energy efficiency strategy.

In the clean energy grid that is envisioned in this ar-
ticle, all strategies and technologies need to be employed 
simultaneously to maximize reductions in energy supply.

Peak Pricing Rates

Innovative rate structures attempt to charge customers in 
real time for using expensive electricity.   Many customers 
in Texas pay a flat fee per kwh.  In Austin, customers pay a 
flat fee for each kwh within certain consumption tiers (e.g., 
a flat fee for all usage between 0 and 500 kwh, a higher flat 
fee for kwh between 501 and 1,000 kwh.)

Wholesale electricity gyrates wildly by time of day and 
time of year.  At 2 in the morning in the spring, the cost per 
kwh can be less than 2¢.  Under conditions with surplus 
power, electricity can even have a negative price.  However, 
at summer peak demand at 5 in the afternoon, electricity 
can command a price as high as 9 dollars per kwh.

Time of Use Rates charge higher rates when power in 
more expensive.  In the Southern U.S., this is typically in 
late afternoon hours (e.g., 3 PM to 7 PM).  Lower rates are 
charged for “shoulder” hours (e.g., 7 PM to 10 PM and 8 
AM to 3 PM).  Very low rates are charged off peak (e.g., 10 
PM to 8 AM and weekends).  This discourages use such as 
air conditioning at peak demand, as well as discretionary 
uses such as washing machines that can be deferred to a 
later time.

Peak Time Rebates typically pay consumers for savings 
they achieve during peak hours given a certain baseline of 
consumption.  For instance, if a customer has a baseline of 

20 kwh on a summer afternoon and uses 10, they would 
be paid a rebate per kwh for the difference.

Critical Peak Pricing alerts participating customers when 
high-priced events are about to occur in almost real time.  
For instance, if a $9 per kwh charge is about to take place, 
the customer is alerted (via text or onsite display) to volun-
tarily conserve.  They are rewarded with part of the savings.  

These rates are enhanced with “enabler” devices such 
as smart thermostats.  These thermostats can be controlled 
with WiFi to ensure coordination with peak rates, and can 
be programmed to “learn” a customer’s behavior to maxi-
mize energy savings.  Though they have customer override 
capability, the devices otherwise ensure more participation 
and boost peak savings to the utility administering them.  
These rate strategies can save anywhere from 30 to 50% of 
peak demand per home.1

These strategies are designed to save expensive peak 
power and not electricity.  However, if implemented with 
enablers, they have been proven to save an average of 4% 
of total electricity.2 

Austin Energy has been pursuing demand response for 
many years.  The utility had about 12,000 smart thermostats 
and 90,000 radio control devices attached to thermostats in 
its service territory in 2016, about a quarter of all custom-
ers.3  The utility estimated a peak demand savings from these 
installations to be about 97 MW in 2015.  

However, Austin Energy had not assumed any sub-
stantial energy savings from this equipment.4  This is all to 
say that much of the energy savings potential from peak 
pricing rates, in conjunction with smart thermostats and 
other enabling devices, is still untapped.  

Prepaid Electricity

Prepaid electricity rates require upfront payment prior 
to use, not unlike gasoline, groceries, and most other retail 
products and services.  In conjunction with the ability to 
monitor use on a daily basis, this strategy also saves elec-
tricity. Analysis of prepaid programs at various utilities 
has shown a range of 5 to 15% savings.5

Smart thermo-
stats, with peak 
pricing rates, can 
profoundly reduce 
utility demand 
at critical times.  
They can be con-
trolled remotely by 
Smartphones.
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Pay-as-you-go electric programs allow customers some-
thing that the utility industry has historically lacked, a con-
venient dashboard to monitor consumption and spending 
on a daily basis.  Prepayment also has economic benefits for 
non-participating ratepayers by reducing the overhead of 
the utility.  Bad debt and interest, as well as administrative 
expenses associated with delinquent accounts, are reduced.

Prepaid electric programs are a growing national trend 
in the U.S., and are common in a number of other countries, 
including New Zealand, Northern Ireland, England, and 
South Africa.6  

Some consumer advocates abhor prepaid programs 
because they consider them onerous to people with lower 
incomes, which often make up the majority of participants 
in prepaid programs in various utilities.  There are actually 
several advantages to poor consumers, though the issue is 
not black and white.

Prepaid programs allow service without security depos-
its or credit checks.  While this often benefits low-income 
customers, it can all-but-force some disadvantaged par-
ticipants into prepaid programs, even when the customers 
would prefer other options.

Alerts by phone, text, and e-mail are given when accounts 
run short of money to prevent disconnection.  However, 
in the event of disconnected service, unlike conventional 
billing, there is no penalty to restore power, and some utili-
ties can remotely reinitiate the connection in as little as an 
hour.  Further, the service can be structured to prevent cut-
offs during times when service cannot be restored quickly, 
including weekends and holidays.

Another benefit is for customers who have already been 
disconnected from conventional service.  It allows them to 
deal with their past balances in a paced manner.  Rather 
than be prohibited from reconnection until part or all of the 
past balance is retired, prepaid options allow immediate 
reconnection, with some lesser portion (e.g., 25%) of the 
prepayment going toward the delinquent balance.

Surveys of customers on pay-as-you-go rates have been 
overwhelmingly positive, and this includes low-income 
ratepayers.  However, there is a contradiction that is hard 
to reconcile.  In some surveys, about 40% of the prepaid 
customers will sometimes voluntarily disconnect to stay 
current on their bill.7  Perhaps because the service is a 
choice rather than a requirement, they still give the service 
high ratings.  

Prepaid programs can also be a burden to customers 
if transaction fees are too high or take place too often.   
Strategies to keep transaction fees to a minimum (checks, 
payment windows, bank drafts) will be essential to make 
this payment strategy equitable.

If prepayment achieved a 20% voluntary participation 
rate for Residential and Small Commercial customers 
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Thermal Energy Storage

Thermal energy storage 
(TES) is the most cost ef-
fective storage technology 
at this time.  Cold water, 
ice, and hot water are 
charged with renewable or 
cheap off-peak electricity 
and stored in tanks at the 
point of use.  Utilities typi-
cally offer special rates to 
encourage off-peak use, allowing TES customers a way to 
recoup their investment while lowering system demand.  
Almost all customers that take advantage of these rates for 
air conditioning savings are in mid-to large-sized commer-
cial buildings because of their use of peak metering, and the 
operation and maintenance involved with these systems.  

At the time of printing, Austin Energy’s highest historic 
peak demand was on August 13, 2015 at 2,735 MW.  Its low-
est demand that day was about 1,578 MW.11  Theoretically, 
this entire gap could be used to store thermal energy for 
peak use.  Yet TES deferred only about 34 MW of demand 
in Austin in 2016.12  This includes 3 district chilling stations 
that serve clusters of buildings.  So Austin’s TES potential 
has barely been used.

There are energy losses associated with even the best 
insulated storage containers.  This is partially or fully com-
pensated by: 1) creating the stored cooling at night, which 
increases HVAC efficiency because of cooler night time air; 2) 
preventing peak demand generation, which is less efficient; 
and 3) lowering the need for peak transmission, which is 
also less efficient because of more congestion, requiring 
more electric production for the same amount of demand.  

No study of energy storage losses and gains (and their 
effect on carbon emissions) has ever been done for the Texas 
ERCOT system.  However, due to its ability to store inter-
mittent renewable energy, TES should be evaluated for its 
potential as an essential component of a clean energy grid.

Endnotes
1 Smart Grid Consumer Collaborative, Smart Grid Economic and Environmental Benefits, 
October 8, 2013, p. 23.
2 Ibid, p. 49.
3 Information response from Austin Energy on November 3, 2016.  Count of radio devices is dated. 
4 Austin Energy, Customer Energy Solutions, “CES MWH Savings, 2007-2015,” Program 
Progress Report 2015-2016, Appendix, p. 29. 
5 Low figure from Distributed Energy Financial Group LLC, Summary Findings Northwest 
Utility Prepay Study, April 9th, 2014, slide 7.  
Higher figure from Nat Treadway, “Electricity Prepayment, Conservation and Behavioral Change,” 
Presentation at Behavior, Energy and Climate Change 2015 Conference, Sacramento, October 
20, 2015, p. 13.
6 Hedin, Marianne, “Prepay Opponents Use Outdated Arguments,” Navigant Research Blog, 
June 27, 2012.  Online at https://www.navigantresearch.com/blog/prepay-opponents-use-
outdated-arguments
7 Brady, Darren, DEFG, Summary Findings Northwest Utility Prepay Study, April 9th, 2014. P. 28.
8 These two Austin Energy rate classes make up 36% of total consumption.
9 Op. cit., Smart Grid Consumer Collaborative, p. 49.
10 Communications with Dan C. Smith, VP of Electric Service Delivery, on November 15, 2016.
11 Energy Information Administration, “U.S. Electric System Operating Data,” August 12, 2015 
for ERCOT. Online at www.eia.gov/beta/realtime_grid/#/data/table?end=20150814T00&start=2
0150807T00&regions=002
12 Information provided by Austin Energy on November 3, 2016.

Thermal Storage at UT-Edinburg

served by Austin Energy, and assuming a 12% average 
electric reduction, it would result in a system-wide benefit 
to Austin Energy of 0.9% total consumption.8  (Prepayment 
is unlikely to save energy for large commercial customers.)

If prepayment were mandatory, and the savings were 
the same for the average customer as what they are for 
voluntary participants (an unproven supposition at this 
point), it could have an overall savings of 4.4% of Austin 
Energy’s total consumption.

Though these voluntary rates are popular, some consum-
ers would resent having this option forced on them.  Political 
feasibility may be lacking.  However, high participation 
rates might be necessary to achieve maximum efficiency 
that a completely renewable electric system requires.

Conservation Voltage Regulation

Delivering electricity through the transmission and 
distribution system results in power losses.  Though it 
differs by each situation, electric utilities routinely assume 
that 6 to 8% of electricity from a power plant is lost before 
it reaches the customer.  

One large source of these losses comes from excess volt-
age in the distribution system.  In the U.S., equipment is 
designed to run at between 110 and 120 volts. However, 
utilities typically dispatch electricity at the beginning of a 
feeder circuit at higher voltage to compensate for “end of 
the line” voltage sags.

For certain end uses, there is no electricity wasted if 
the voltage is higher than necessary.  For instance, strip 
heating and incandescent/halogen (filament) light bulbs 
simply emit more heat or glow a little brighter.  However, 
in appliances such as refrigerators and HVAC, the motors 
run slightly faster, wasting electricity in excess of what is 
needed.  (This also creates excess heat, which adds to air 
conditioning use if the motor is inside a building.)

The required voltage changes by the season, day, and 
even time of day.  Conservation voltage regulation (CVR) 
optimizes voltage to what is required throughout the year, 
reducing electricity both at peak demand and annual con-
sumption.  Annual savings on feeder circuits where voltage 
regulation is implemented are typically in the 2-3% range.9  
Some of this savings occurs on the customer’s side of the line.

There are several technological approaches to achieve 
CVR.  In Austin’s situation, a software platform utilizes 
measurements from the field devices and simultaneously 
runs a system load flow model to optimize operation.  

Austin Energy is in the formative stages of implement-
ing this strategy.  It plans CVR for 127 of its highest use 
feeder circuits.  In early 2016, 19 of these had already been 
converted.  The cost has averaged about $31,000 per feeder, 
with a payback of 4 years from energy savings.10
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CONCLUSION: Finding True South
A Map for Clean Energy in a Texas Climate

Creating a plan for Austin 
Energy to rely on 100% clean 

energy is not a simple af-
fair.  This plan requires 
maximizing energy ef-
ficiency for more than 
460,000 individual cus-
tomers when we have 

only limited knowledge 
of the condition of their 

buildings or the energy-
consuming equipment in 

them.  It partially relies on gen-
eration technologies that are not fully commercialized.  It 
will confront an unsupportive, anti-environmental, anti-
regulation mindset that is a signature of Texas politics.  
Anyone attempting to cajole you that this goal is quick and 
easy is either misleading you or misleading themselves.

Some Carbon Hawks may point to cities like Georgetown, 
Texas, which took the bold step in 2015 of purchasing 100% 
of their future electricity from wind and photovoltaics, or 
countries such as Denmark, which has been a world leader 
in clean energy development.  It is not that simple.  

 
Georgetown’s municipal utility has not generated its 

own power since the end of W.W.II.  It can buy 100% re-
newable power on paper, but it is all intermittent power 
that requires the dispatchable Texas ERCOT grid to back it 
up.  Denmark gets over 40% of its power from intermittent 
energy because it often relies on the Scandinavian grid, and 
imported biomass fuel, for back-up.

It will take considerable time to gather the information 
for maximum implementation of energy efficiency mea-
sures, and to create strategic alliances necessary for com-
mercialization of new clean energy technologies.  It will 
also take time to publicly present a plan and (presumably) 
gain public acceptance for the majority of it.

No one person could write such a plan – at least with-
out many years of work.  Instead, this article ends with a 
summary of steps needed for a transition to clean energy. 
These strategies could analogously be labeled a “Map.” 

1. Establish An Energy-Efficiency Baseline

1A.  Saturation Survey – In any comprehen-
sive energy-efficiency analysis, there has to be a 
baseline.  Despite Austin’s very long history of 

operating efficiency programs, it has limited in-
formation to accomplish this.  A saturation survey 

of electric, natural gas, and water end-uses needs to be 
conducted. Such surveys are common in the utility industry.  

This would include the types of lighting, heating, cooling, 

and water heating equipment, appliances, motors, other 
commercial and industrial machines, and building shells 
(windows, insulation, air and duct leakage) to assess their 
levels of energy consumption and efficiency.

It would also include potential for onsite equipment 
installation of geothermal heat pumps, hot water heat 
pumps, building-integrated wind turbines, energy storage, 
and combined heat and power generators.  This would 
include assessment of the approximate area available for 
solar energy on rooftops, and the level of saturation that 
the local grid can technically accommodate.  It would even 
include assessments of space available for tree planting 
that can reduce cooling load.

Optimally, the survey would include information about 
appliance and building age, owner/tenant status, and in 
the case of residential buildings, would also include infor-
mation related to income status.

The completed survey should be available to the public.

1B. Grid Futures Study – The assessment of 
a regional energy grid like ERCOT to maximize 
renewable energy technologies, along with trans-

mission infrastructure and possible energy stor-
age to accommodate it, is an extremely complicated 

endeavor.  To guarantee seamless power every second 
of the year averaged over at least 3 years conveyed over 
4,000 ERCOT transmission nodes from 10 different state 
climate zones could require billions of separate computer 
simulations.  

Even relatively simple evaluations to estimate the amount 
of money to accommodate the transmission facilities needed 
to carry just the near-term planned growth for solar cells 
has, to date, not been conducted.  

Austin Energy, in cooperation with ERCOT and key 
academic institutions, should help start and co-fund this 
process.

1C. Geothermal Water-Resource Survey – A 
survey of water temperatures that can be eco-
nomically harnessed for geothermal heating and 
cooling needs to be conducted at well sites and for  

water tables near or beneath Lady Bird Lake, Lake 
Austin, and Lake Travis.  Successful harvest of water tem-
peratures can magnify energy efficiency, with particularly 
large potential near downtown Austin.

2. Technical Review Task Force – The idea of 
a blue-ribbon commission to advise on how to 
achieve a clean-energy grid is a good concept.  

However, if this idea is to be seriously pursued, it 
needs to focus on technical and economic evaluations 

and merits, and given the challenging assignment, needs 
to meet regularly for up to 12 months.  It further needs 
adequate technical and staff support funded by Austin 
Energy, a shortcoming of several past efforts.
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After completion, this commission’s report should then 
be subjected to the scrutiny by Austin’s various political 
constituencies.  While public support is vital if any of the 
new report’s recommendations are to be implemented, 
technical ability to implement the report’s recommenda-
tions needs to be its foundation rather than an afterthought.

3. Specific Energy-Efficiency Initiatives

3A. Residential and Commercial Rental Pro-
grams – Despite Austin’s long-running energy 
efficiency efforts that span decades, efficiency 

programs nationwide still struggle to find effective 
ways to reach the residential and commercial rental 

sectors.  They struggle to impact: 

• building shell, duct, and Heating, Ventilation and Air 
Conditioning (HVAC) retrofits of 1 to 4 unit residential 
rental dwellings; 
• HVAC retrofits in residential rental buildings with more 
than 4 units; 
• efficiency retrofits for commercial rental space.

These low-participation sectors and end uses will need 
new strategic approaches, including targeted education, 
marketing and outreach, and creative financing options.  
Without this, efficiency programs will continue to fail to 
achieve their full potential.

3B. Effective Low-Income Energy Programs 
– Between Austin Energy’s Customer Assistance 
Program (CAP) bill discounts, free weatheriza-

tion efforts, and multifamily conservation rebate 
program, it spends more per customer on low- and 

moderate-income customers than any other utility in Texas.  
However, some of what is spent should be retargeted in a 
way to save more money and energy for these customers.  
These include the following policies.

• Redirect some of the money meant for free weatherization 
to direct-installation programs.  Door-to-door installation 
of LEDs, smart thermostats, pipe wraps, and low-flow 
showerheads save much more money per dollar invested. 
• Eliminate CAP discounts for high consumption, which 
encourages waste. CAP awarded $2.2 million to consumers 
using over 1,500 kwh per month in 2015.1

• Income-qualify CAP customers instead of automatically 
enrolling them.  It is more accurate and less expensive to 
administer.  

Money saved from the last two strategies can be spent 
on other initiatives to help the poor.

3C. Inspecting the Building Inspectors – 
Construction of new buildings to heightened 
standards of energy and water efficiency is the 
least expensive way to achieve savings.  Building 

codes are designed to save more in energy costs than 
the cost of the improved materials and building science. 
Retrofitting a poorly built structure will rarely capture the 
potential savings of doing it right the first time.

Even though Austin Energy contributes money to the 
building inspection budget of the City of Austin to enforce 
the energy building code, it is not clear how well this is 
being accomplished.  Code officials are often overworked 
and expected to “inspect” far more buildings every day 
than humanly possible. 

An audit needs to be conducted to ascertain how well the 
code is enforced.  If deficiencies are found, this audit should 
be conducted on a routine basis.  If deficiencies are found 
to be chronic, code enforcement should be transferred to 
another agency or given funding for adequate personnel.

4. Review of and Collaborative Investment in 
New Technologies – The Energiewende effort by 
Germany probably did more to commercialize 
wind and photovoltaic electricity than any other 

program, event, or strategy in the world.  However, 
Germany’s relatively large population and economy have 
been pivotal in creating economies of scale.  Austin, by itself, 
does not have the economic spending power necessary to 
create an anchor market.

Austin should help create a large-scale collaborative 
effort with other utilities, institutions, and governments 
to accelerate the commercialization of alternative energy 
development.  While it would be premature to recommend 
the specific technologies and directions to pursue, Concen-
trating Solar Power will probably be an essential technology 
in Texas for dispatchable renewable electricity.  CSP would 
be relevant to energy production in Southwestern and 
Pacific states, which use about a quarter of U.S. electricity.

Part of the funding might come from a voluntary sub-
scription on the electric bill, similar to Austin Energy’s 
popular GreenChoice rate.  A mandatory surcharge on the 
electric bill will also be necessary, but might be partially 
offset by revenues from the renewable power plants built 
with the funds.

5. Buying the Biomass Plant – Purchased elec-
tricity from the Nacogdoches Power “biomass” 
plant costs Austin Energy $54 million, plus fuel 
and variable Operation and Maintenance if it 

actually generates power.  This outrageous cost 
politically affects Austin’s ability to invest in other renew-
able baseload options that might be more expensive than 
conventional power but less costly than this plant.  It also 
negatively influences how much Austin can invest in Re-
search & Development of other clean energy technologies.  
Moreover, the expensive contract does not expire until 2032.

Austin should seriously consider buying the plant from 
its current owner.  While this may seem counter-intuitive, 
placing the partially depreciated plant under low-interest 
municipal debt may be less costly than paying the contract 
for the remainder of its term.  Depending on the price, it may 
even be cost effective to run the plant more often, allowing 
Austin to receive a greater percentage of its electricity from 
dispatchable renewable energy.
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6. Local Renewable Investment Option – Local 
ownership and control of energy production and 
prices is why Austin Energy and so many other 

public utilities formed to begin with.  However, 
due to the current federal tax incentives given to private 
companies that build wind and solar plants, it is rare for 
public utilities to own them.  Public utilities must buy 
renewable power from private companies under contract 
because they cannot compete.

Austin Energy should require developers of new re-
newable purchase power agreements to set aside a certain 
percentage of ownership to individuals, companies, and 
pension funds located in Central Texas.  While not the same 
as ownership by all utility customers, it is an indirect way 
for Austinites to have some stake in their future.

7. Restoration of Voter Approval for Austin 
Energy – Article 7, Chapter 11 of the Austin City 
Charter states 

that utility rev-
enue bonds must be 

approved by a majority of 
voters.  Between 1890 and 
1998, voters were asked to 
authorize bonds 33 times.2  
A legal decision in 1984 de-
termined that the Council 
had the right to issue rev-
enue bonds without voter 
approval, but did not have 
the obligation to.  For many 
years after this, elections 
continued to be held.

There was no official rea-
son why they stopped after 
1998, but one contributing 
factor is that some bureau-
crats and elected officials 
do not believe in this level 
of public participation.

Austinites should reclaim their right of self-determina-
tion for their economic and environmental future.  Not only 
should voters be allowed a voice on conventional power 
plants, but the Charter should be revised and expanded to 
allow voters to approve long-term power contracts, the cur-
rent method Austin’s utility uses to buy renewable energy.

8. Natural Gas Purchasing Policies for Cleaner 
Drilling – Despite environmental harm stemming 
from gas extraction, its use is not going away in 

the immediate future.  In 2016, 44% of ERCOT’s 
generation came from this one fuel source.3   Austin 

Energy should leverage its purchasing power to give a 
preference to gas drillers that meet a set of environmental 
standards.  These standards would be third-party certified.

These requirements should include water and chemi-
cal reductions in fracking fluids, air emissions control, 

limiting methane emissions, wastewater and solid waste 
reduction and control, emergency notification provisions, 
and nuisance mitigation for neighbors.

9. Energy Storage Policy – To accommodate 
large amounts of intermittent renewable energy 
that is likely to be built in Texas, Austin Energy 

needs to take steps to encourage or construct 
energy storage.

Currently, the most cost-effective technology to offset 
electricity is thermal energy storage (TES) – ice, chilled 
water, and hot water stored on site.

The utility needs to determine the environmental ben-
efits of large-scale storage specific to the ERCOT grid, the 
energy savings or loss, and how much value TES can add 
to intermittent renewable energy.  If the results are positive, 

then the utility should: 1) 
determine the commercial 
customers in the service 
area that TES is suitable 
for; 2) implement man-
datory time-of-use rates 
for these customers.  The 
most likely candidates, 
at least in the beginning, 
are low-rise grocery and 
retail centers with a large 
land footprint, and new 
large buildings with a 
high variable load (where 
adequate space for TES 
can be planned).

Currently, the most 
cost effective technol-
ogy to store electricity is 
Compressed Air Energy 
Storage (CAES), which 
was discussed in detail 

earlier in this article.  It is important to note that the heat 
for the first CAES plant in Texas will likely be produced 
from natural gas.  While this strategy is not carbon-free, 
carbon emissions are still greatly reduced.  It is important 
to build the first plants so that the technology is improved 
in later ones.

A transition strategy for this technology is to diversify 
risk.  There are only two commercial CAES units in the 
world at this time.  While the process uses off-the-shelf 
components that are well tested, CAES has to be built to 
scale to be cost effective, with many utilities and merchant 
generators reluctant to finance the first plant built since 
1991.  If a CAES plant does not make a profit, hundreds of 
millions of dollars could be at risk.

To manage this risk, Austin should partner with other 
utilities to construct the first Texas plant.  If it fails, no single 
company or agency loses a lot of money. If the first plant 
succeeds, it can be replicated.
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10. Progressive Rate Policy – In 1981, Austin’s 
electric utility adopted the first inverted Resi-
dential rate structure in Texas.  (With inverted 

rates, the more you use, the more you pay.)  This 
provided a “lifeline” block for the first 500 kilowatt 

hours, with prices higher for consumption above it.  In 
2012, Austin went further and created a more steeply tiered 
rate structure with 5 separate blocks.  There is still more 
conservation potential to come from alternative tariffs. 

One alternative rate strategy is to charge peak demand 
rates for apartment buildings that are individually metered, 
similar to the way demand is charged for larger commercial 
customers. This demand charge would be the responsibility 
of the building owner or landlord.

Since most multifamily buildings in Austin are individu-
ally metered, tenants have an incentive to more carefully 
use utilities.  However, the landlord has little incentive to 
make investments in efficiency.  

Adding peak meters to apartment buildings will pass 
on some of the electric costs to the owner, who would have 
more motivation to install efficiency measures.  Since the 
proposal is market based, it would not garner the same 
intense opposition from owners as conservation mandates.  

Other innovative rate strategies include prepaid and 
Time-Of-Use Residential rates.  While discussed in Austin 
for many years, Time-Of-Use rates have lacked momen-
tum, and prepaid rates have been attacked by low-income 
advocates because they believe the rates place the poor at 
a disadvantage.  

Concerns related to the effect of prepaid rates on the poor 
have already been dealt with by utilities that have used 
them for many years.  If Austin is to reach a goal of 100% 
clean energy, it will need to employ as many strategies as 
possible.  The City will need to construct solutions, rather 
than continue to stall them.

11. Positions on National Energy Issues – In 
contrast to its assertiveness in advancing clean 
energy locally, Austin Energy has been relatively 

shy about influencing state or national policy in 
pursuance of its goals.  While Austin can only affect 

such policies to a degree, it will have more influence if it 
participates than if it stays silent.  Three issues discussed 
below are examples of where Austin Energy has stayed 
relatively silent even when the issues affected its future.

Capacity Markets –  In some wholesale markets, including 
the Texas ERCOT system, electricity is sold in an “energy 
only” market that does not acknowledge the value of 
dispatchable generation.  More expensive dispatchable 
renewable energy options such as Concentrating Solar 
Power, biomass, and renewables with storage are placed 
at a competitive disadvantage compared to intermittent 
wind and PVs.  

During 2016, even new efficient gas units were not 
economic to build because ERCOT would primarily ac-
knowledge only the (temporary) low cost of natural gas 
in existing generators.  A number of power plants selling 
in ERCOT could not get part or all of their capital costs 
recouped.  This is not sustainable, and future pricing policy 
needs to reflect this.

Gas Exports – At this point in time, natural gas is the most 
flexible and environmental option to integrate intermittent 
renewable electricity (compared to nuclear and coal).  While 
fracking has profoundly expanded the U.S. gas supply, a 
gas export infrastructure is being built to sell the relatively 
low-priced fuel overseas at a profit.  This will inevitably 
raise the cost of domestic electricity.  

Austin Energy lodged no protest during the time Lique-
fied Natural Gas plants and export pipelines were being 
permitted.  While it is unlikely that any more LNG export 
plants will be built in the short term, Austin needs to or-
ganize with like-minded utilities and institutions to keep 
the situation from getting worse.

Renewable Energy Tax Credits – In 2013, about 27% of all 
the electricity sold in the U.S. was sold by public utilities 
(municipal utilities, coops, and power authorities).4  How-
ever, federal renewable energy tax credits grant such large 
subsidies to private companies that invest in wind and PVs 
that public utilities cannot compete with them. 

While the federal tax credits have played a pivotal role in 
bringing the cost of renewables down through economies 
of scale, they also work to the detriment of public owner-
ship.  How can anything be more public than the wind and sun?

If the tax credits are extended in the future, Austin En-
ergy and its allies in the public sector need to lobby for the 
same discounts for municipally built projects.

Endnotes
1 Information from Mark Dreyfus, Vice President, Regulatory Affairs & 
Corporate Communications, Austin Energy, on February 16, 2016.
2 Information from 31 elections compiled from City of Austin Election 
History Web site: www.ci.austin.tx.us/election/search.cfm.  Added to this 
were results of elections on utility bonds in 1890 and 1894.  (See Robbins, 
Paul, “Headwaters,” Austin Environmental Directory 2013, pp. 129-130.)
3 Electric Reliability Council of Texas, ERCOT Quickfacts, Austin, TX, 
January 2017.  
4 American Public Power Association, 2015-2016 Annual 
Directory & Statistical Report, Washington, DC, U.S. Electric Utility 
Industry Statistics. Online at www.publicpower.org/files/PDFs/
USElectricUtilityIndustryStatistics.pdf 
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