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Rethinking Wind's Impact on

Emissions and Cycling Costs

Recentreports by the National Renewable Energy Laboratory-and others suggest
that the emissions-reducing benefits of renewable energy sources such as
wind and -solar may have been overstated and the cost of cycling fossil-
fueled plants underestimated. These findings may change how utilities and
policymakers weigh the costs and benefits of wind and solar energy.

By David Wagman

he American Wind Energy Associa-
Ttion (AWEA) said in early January that

1,833 MW of wind power capacity
had been installed during the third quarter of
2012. Those additions brought total installed
wind capacity for the first three quarters of
the year to 4,728 MW and pushed the total
installed wind capacity in the U.S. to 51,630
MW, from more than 40,000 turbines. AWEA
also reported that as of September 2012, more
than 8,400 MW of capacity were under con-
struction in 29 states and Puerto Rico. What’s
more, the wind industry has added more than
35% of all new U.S. generating capacity dur-
ing the past five years, second only to natural
gas.

All of that new wind capacity is aimed, at
least in part, at displacing fossil-fueled gen-
erating sources and reducing atmospheric
and greephouse gas emissions such as ni-
trous oxide (NO,), sulfur-dioxide (SO,), and
the still-unregulated carbon dioxide (CO.).
Wind generation has inherent benefits: The
turbines produce no emissions during their
operating lifetimes and have no fuel cost. But
some industry observers contend that adding
intermittent resources such as wind and solar
energy to the system actually increases rather
than decreases greenhouse gas emissions.

Those observers point out that many
power generators add fast-start gas-fired
generating units (generally aeroderivative
gas turbine and gas-fired engines) to back
up renewable resources and generatc power
during the times when the sun doesn’t shine
or the wind doesn’t blow. Those fossil-fueled
resources are variously available as spinning
reserves or as fast-start machines that can
rapidly ramp to respond to changing output
from renewable resources. Observers also
contend that cycling or turndown operations
at baseload coal and natural gas—fired plants
to accommodate wind and solar also may
increase air emissions because those fossil-
fueled plants end up operating at less-than-
optimal levels.
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A fact sheet published by AWEA said that,
on average, adding 3 MW of wind energy to
the U.S. electric grid reduces emissions from
fossil power plants by 1,200 pounds of CO,
per hour. It said adding this amount of wind
would “at most require anywhere from 0 to
0.01 MW of additional spinning reserves,
and 0 to 0.07 MW of non-spinning reserves.”
AWEA said it is likely that those reserves
would be provided by zero-emission hydro-
electric resources, but even under a worst-
case scenario in which a fossil fuel plant
with an efficiency penalty of 1.5% must be
used for reserves and all of the non-spinning
reserves would be activated, the increase in
emissions would “still be less than 1 pound of
CO,.” Given that hydropower is always dis-
patched first and seldom cycled, and coal still
provides around 40% of the electricity nation-
wide and is being cycled, this is a narrow and
highly unlikely scenario (see sidebar).

AWEA said that although the wind may
suddenly slow down at one location and
cause the output from a single turbine to
decrease, regions with high -penetrations
of wind energy may have hundreds or even
thousands of turbines spread over hundreds
of miles. As a result, it typically takes min-
utes or even hours for a region’s total wind
energy output to change significantly. Yet
when the resource does unexpectedly drop,
the amount of that reduction must be added
immediately to the grid, first with spinning
reserve capacity or with fast-start assets.

The unpredictability of the resource ex-
plains the large number of gas-fired assets
built over the past several years. The trade
group said that gas-fired units make it “rela-
tively easy for utility system operators to ac-
commodate these changes without relying on
reserves.” It said the task of accommodating
variations in output can be made easier by us-
ing forecasting, which allows system opera-
tors to “predict changes in wind output hours
or even days in advance with a high degree
of accuracy.”
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Assessment Shortcomings

Despite the AWEA fact sheet; industry obsery*
ers have-fotind.room fo question the claimed
enviroiimental benefits ‘of ‘wind-ienergy. For
example, two researchers, Warrén Katzenstein
and Jay Apt of Carnegie Mellon University,
wrote in 2009 that life-cycle assessments of
renewable energy. projects. often failed. to.ac-"™

“"To" éstimate emissions from fossil-fueled
generators that are called on to compensate for
variable wind and solar power, the Carnegie
Mellon authors modeled a combination of
variable renewable power with a fast-ramping
natural gas—fired turbine. They used a regres-
sion analysis of measured emissions and heat
rate data taken at 1-minute resolution from two
types of gas turbines to model emissions and
heat rate as a function of power and ramp rate.
They next determined the required gas turbine
power and ramp rate to fill in the variations in
1-minute data from four wind farms and one
large solar PV plant, and, finally, computed
the emissions from the regression model.

The research team obtained |-minutc rcso-
lution emissions data for seven General Elec-
tric LMG000 natural gas combustion turbines
(CTs) and two Siemens-Westinghouse 501FD
natural gas combined cycle (NGCC) turbines.
The LMG6000 CTs had a nameplate power
limit of 45 MW and utilized steam injection
to mitigate NO, emissions. A total of 145 days
of LMG0O00 emissions data was used in the re-
gression analysis. The Siemens-Westinghouse
501FD NGCC turbines had a nameplate pow-
er limit of 200 MW with GE’s dry low-NQ,
(DLN) system and an ammonia selective cata-
lytic reduction (SCR) system for NO, control.
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Emissions data for 11 days was obtained for
the 501FD combined cycle machine. The re-
newables data included I-second, |10-second,
and I-minute resolution and was from four
wind farms and one large solar PV facility
in the Eastern Mid-Atlantic, Southern Greal
Plains, Central Great Plains, Northern Great
Plains, and Southwest regions of the U.S.
Based on their analysis, the authors con-
cluded that the conventional method used Lo
calculate displaced emissions was inaccurate,
particularly for NO, emissions. They said that
if system operators recognize the potential for

ancillary emissions from gas generators used-

to fill in for variable renewable power, they
can take steps to produce a greater displace-
ment of emissions. They said that “by limiting
generators with GE’s DLN system to power
levels of 50% or greater, ancillary emissions
can be minimized.” Operation of DLN con-

trols with existing firing modes that reduce ;.
emissions when ramping may be practical. |
They also said that on a time scale compat- i
ible with renewable portfolio standard imple- .
mentation, design and market introduction of

generators that are more appropriate from an:
emissions viewpoint may be feasible to pair
with variable renewable power plants.

Utility Perspective
Utilities that have relatively high and grow-

ing amounts of intermittent renewable re-w.

sources on their systems also have analyzed
renewable integration costs, paying particu-
lar attention to the cost of wear and tear on
equipment and increased maintenance at ex-
isting conventional facilities.

For example, Public Service Company
of Colorado (PSCo), a unit of Xcel Energy,
prepared a report for state regulators in Au-

gust 2011 that said the utility would add
around 700 MW of wind power to its sys-
tem by 2015, in line with its 2007 Colorado
Resource Plan, That additional wind capacity
meant-PSCo would have around 1,934 MW
of namepldte wind venelatlou capacity on

amounts of wind on ity 8 yslen, lhc uulxly

said the cost impacts both of unit cycling and
wind curtailments will increase, making it
important to consider those costs as part of ity

future planning decisions. The importance of

such calculations was highlighted for a single
hour last spring when wind energy supplied
57% of the Colorado system’s electricity.
“With an ever-larger wind portfolio, the
depth and frequency of cyclical operation of
baseload unils will increase and affect more
and more generators,” the PSCo report said.
“Coal-fired units that have historically been
base loaded will be required to turn-down

" to their minimum capacity, or possibly turn

off entirely. These cycling evolutions will be
occurring more rapidly and more frequentl y
with greater levels of wind generation.”,

. The study said that any plantcyclmg causes
componen wear-and-tear costs.’In particular,

~fihen a thermal vencmtm is turned off and
on, the boiler, steam lines, turbine, and aux-

iliary components endure large thermal and
pressure stresses. Eventually, those stresses
can cause component failures and drive up
maintenance costs. During low-load opera-
ifion, pressures and temperatures fluctuate

‘>:timately, early failure. Fatigue further erodes
the designed stress tolerances of full-output

" operation, or creep tolerance. PSCo identi-

fied this creep-fatigue interaction as “one of
the most important phenomena” contributing
Lo__component failure.

detérmmine this additional wind integration cost
and appropriately burden incremental wind
power with this cost in future resource plan-
ning efforts.” A sample of the cost findings is
shown in Table 1.

The study evaluated two coal plant cycling
protocols. The first (referred to as “curtail”)
involved cycling coal plants down to their
economic minimum generation levels to ac-

' _pommodate wind and curtailing wind in ex-
cess of the level needed to meet system load.

The second protocol (referred to as “deep
cycle”) involved cycling coal plants down Lo

Table 1. PSCo scenario results from 2011 to 2025. The dollar values are shown
as present value. Source: “Wind Induced Coal Plant Cycling Costs and the Implications of Wind

Curtailment for Public Service Company of Colorado,” August 2011

2GwW Curtail 3.60 1.20 4.82 0.77
26W Deep cycle 510 0.10 5.21 0.83
36w Curtail - : 5.00 3.30 8.30 1.03

Deep cycle 8.20 0.60 8.75 1.08
4. www.powermag.com

in pipes and tubes, causing fatigue and, ul-’

-

their lower emergency minimum levels to ac -
commodate wind and curtailing wind in ex-
cess of the level needed to meet system load

Although the analysis identified no signif-
icant difference in the cost of each protocol
the deep-cycle protocol was found (o maxi-
mize wind output while minimizing coal burn
and associated CO, emissions. ‘PSCo said
this .protocol ‘may :resultin reduced system
reliability .as .a resuilt.of Toutinely operating
bas' Ioad coal units.down o then cmexgency

" would res'u]t'in slightly less wind geucration

than the deep-cycie protocol but would.avoid ‘
deep cycling the coal units and the potential |
downside of reduced system reliability under
a deep-cycle protocol.

PSCo chose deep cycling as the preferred op-
erational protocol for its system in the near term,
given that there was no distinct cost advantage
to either protocol. However, it stopped short of
considering some additional factors that it said
could influence total costs. In particular, chang-
es in SO, and NO, emissions that may occur to
accommodate wind due to reduced coal burn or
coal units operating at suboptimal generating
levels were not considered.

Reevaluating impacts
The Carnegiec Mellon and PSCo studies,

- among others, urge a systemwide approach

to understanding wind and solar energy’s

" effects on emissions. These studies helped -

lead researchers at the National Renewable
Energy Laboratory (NREL) to acknowledge
in 2012 that many efforts to assess the emis-
sions benefits of wind had failed to account
for ancillary emissions from generating units
that cycle or ramp to compensate for the re-
newable resources’ intermittent generation.

In a paper given at the IEEE Power and En-
ergy Society General Meeting in San Diego
last July, NREL researchers, along with ana-
lysts from Intertek-APTECH (IA), said that
regional integration studies have shown that
wind and solar may cause fossil-fueled gen-
erators o cycle on and n” and ramp more

miintenance costs fiigher- eqmvalem forced
outage rates, and degr: aded performance over

fimme, What’s more, they said that heat rates
‘and emissions from fossil-fueled generators

may be higher during cycling and ramping
than during steady-state operation.

The conference paper concluded that “the
impacts of generator cycling and pari-loading

POWER |March 2013




can be significant; however, these impacts are
modest compared with the overall benefits of
replacing fossil-fueled generation with vari-
able renewable generation.”

The NREL/IA team along with GE En-
ergy built on this initial work with a second,
more comprehensive study using continuous
emissions monitoring (CEM) data obtained
from the Environmental Protection Agency (o
model ramping and cycling effects across the
Western Interconnection based on a variety of
scenarios of solar and wind penetration. The
impacts of solar- and wind-induced cycling on
emissions proved to be mixed, one of the re-
port’s authors told POWER in an interview.

“My concluslon regarding SO is there is
hardly any increase af*all; since'SO, 1 is con-
trolled by scrubbers,” said Steve Lefton, di-
rector of power plant projects at IA. He said
plant operators can control SO, emissions
during ramping and cycling events by bring-
ing more scrubber modules online sooner.
Lefton said that analysis of hundreds of coal-
fired units showed that SO, limits were ex-
ceeded only a few times and only for brief
periods of time during startup or ramping.

NO, emissions, by contrast, are a function
of temperature, meaning their production
likely will be higher until temperatures at the
SCR inlet reach around 500F. He character-
ized the resulting increase in NO, emissions
as “minor” and said that it takes time to raise
SCR inlet temperatures high enough to sup-
port efficient catalytic reduction.

Dr. Greg Brinkman, an NREL mechani-
cal engineer and analyst, and report coauthor
with Lefton, said that NO, emission rates
(in pounds per megawatt-hour) from a typi-
cal coal-fired unit would be 14% less when
operated at part load compared to operating
the unit at full load. For gas units, NO, emis-
sions are roughly 10% to 20% higher during
part-load operation compared to full-load
operation. NREL modeled the response of
the electric power system to renewable pen-
ctration, considering part-load, startup, and
ramping emission penaltics. “Most cmission
rates at fossil-fueled generators changed by
less than 2%,” he said.

“C0Q, emissions rates from the average
coal plant don’( change; SO,, and NO, emis-
sions rales from average coal, gas combined
cycle, and gas combustion turbine plants

increase or decrease by up to 2%, depend-
ing on plant type and the mix of wind and
solar. SO, emissions rates from coal plants
increased or decrcased depending on the mix
of wind and solar. Viewed from the perspec-
tive of avoided emissions, CO,, SO,, and NO;,
benefits from wind and solar were all within
5% of what we expected based on the typical
emission rates of the displaced generators,”
Brinkman said.

Marats 219 | Pensurm

T

Effects on Maintenance Costs
Although any change in emissions appears to
be relatively minor, the same cannot be said
for maintenance costs due to ramping and
cycling.

“From all reports, I'd say we’ve either
been spot on or under-projecting cycling-re-
lated damage” that results from fossil-fueled
units following intermittent renewable sourc-
es, said Lefton. “Yes, wind is a great thing,
but it’s:not free.”

Turbine blade damage and generator fail-
ures were linked to ramping. These findings
came after Lefton and his team analyzed
some 400 data sets that included long-term
operating and maintenance costs and cycling
data. The findings showed that even combus-
tion turbines and reciprocating engines de-
signed for quick starts, ramping, and cycling
showed higher maintenance costs, elevated
numbers of forced outages, and increasing
numbers of generator failures.

““Generator failures used to be rare, but
now they rank third in insurance claims filed
for combined cycle machines,” Lefton said.
He noted higher incidences of heat recovery
steam generator tube failures as well as more
frequent turbine overhauls. Other maintenance
issues linked to cycling include thermal barrier
coatings that spall off, leaving the base metal
exposed and vulnerable to cracking.

Dr. Debra Lew, an analyst with NREL and

most often -She saJd that ‘wear and tear as a
result of cycling to follow Ténewable energy
may increase operations--and- maintenance

coauthor of the report sa1d while coal umts"_
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costs for all types of fossil.generation by $35
million.to $157 million a year-across the. West-
ern Interconnection, -as shown in Table 2, for
wind and solar penetrations.up to 33%.
Last November, Lefton and several of
his colleagues at IA presented a paper, “The
Increased Cost of Cycling Operations at
Combined Cycle Power Plants,” at the Inter-
national Conference on Cyelic Operation of

_ Power Plants & CCGT. The paper reported

that higher penetration of renewables on the
North American grid is increasing the num-
ber of on-off and load-cycling operations,
which the authors said will increase the need
for spinning reserve. megawatts, their costs,
and the, startup charges for putting combined
cycle plants onhne

The desire for faster onlme times increas-
es the severity of damage during gas turbine
starts and is increasing thermal transients
with more rapid gas turbine acceleration
and higher mass gas flows at higher exhaust
temperatures that reach heat recovery steam
generators (HRSGs). The paper said’ these
factors affect the gas turbine and the HRSGs,
as well as the balance of plant and water
chemistry, ultimately reducing overall plant
reliability. The average starts on these gas
turbines/combined cycle units are increas-
ing, and run times are generally decreasing'.
Though capacity factors may be decreasing,
production costs will likely rise significantly
due to cycling operations. The paper sug-
gested that cost estimates made by industry

" often underestimate by a large margin the ac-

tual costs that cychng operations can incur,
as shown in Table 3.

Wind Farm Life Expectancy
Wind farm life expectancy also may reduce cal-
culated environmental benefits and increase the

Table 2. Renewables increase cycling and ramping costs. Source: NAEL

No renewables | $271-$643 million

NA

High wind $321-$769 mitlion $50-$125 million 18%—20%
High mix $306-$738 million $35-$95 million 13%-15%
High solar $324-$800 million $53-$157 million 20%~24%

NA

Table 3. Estimated cycling costs are often wrong. Costs provided in this table
are per cycling event. Source: Steve Lefton, et al.

Small drum $5.000 $3,000-$100,000
Large supercritical $10,000 $15,000-$500,000
GT simple cycle $100 $300~$80,000

GT combined cycle $200 $15,000-5150,000
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cluded that, after allowing for variations in wind
speed and site characteristics, the average load
factor of wind farms declines as they age, prob-
ably due to wear and tear. By 10 years of age,
the contribution .of .an ‘average ‘UK ‘wind farm
to meeting:electricity:demand ‘was-said-to-have
fallen:by:assmuch:as ene-third. - .- .
““Phereport-said this performance decline
meass that it is “rarely economic to operate
wind farms for more than 12 to 15 years.”
their in-
11°be “dis-

total investment needed to achieve environmen-
tal goals, particularly in the UK and Europe.
A December 2012 report, published by the
UK-based Renewable Energy Foundation and
written by Gordon Hughes of the University
of Edinburgh, scrutinized wind farm lifecycle
emission benefits, The foundation in the past
has criticized the UK government’s Renewables
Obligation policy, saying the subsidy distorts
markets as well as the generation mix.

The Hughes study examined wind farm
performance in the UK and Denmark and con-
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appointed,” the report said. Whal's more,
policymakers who expected wind farms buiit
before 2010 to contribute toward CO, targets
in 2020 or later should allow for the possibil-
ity thal the lotal investment required to meet
those targets will be much larger than previ-
ous forecasts suggested.

The study based its findings on data reflecl-
ing the monthly output of wind farms in the
UK and Denmark. Normalized age-perfor-
mance curves were estimated using statistical
techniques that allowed for differences be-
tween sites and over time in wind resources,
and other factors. The normalized load factor
for UK onshore wind farms was found to de-
cline from a peak of about 24% at age one to
15% at age 10 and 11% at age 15. The decline
in the normalized load factor for Danish on-
shore wind farms showed a fall from a peak
of 22% to 18% at age 15. For offshore Danish
wind farms, the normalized load factor was
shown to fall from 39% at the start of com-
mercial operation to 15% at age 10.

Hughes said that the reasons for the ob-
served declines in normalized load factors
could not be fully assessed using the data
available, but he speculated that “outages due
to mechanical breakdowns” appeared to be a
contributing factor.

Hughes said that analysis of sité-specific per-

. formance showed that the average normalized

load factor of new UK onshore wind farms at
age one “declined significantly” between 2000
and 2011. In addition, he found that larger wind
farms had worse performance than smaller wind
farms. Adjusted for age and wind availability,
the overall performance of wind farms in the
UK has “deteriorated markedly” since the be-
ginning of the century, he found.

According to Hughes, these findings have
implications for policy toward wind generation
in the UK. First, they suggest that the current
government subsidy is “extremely generous”
if investment in new wind farms remains prof-
itable despite the decline in performance due
to age and over time. Second, meeting the UK
government’s targets for wind generation will
require a much higher level of wind capacity
and capital investrent than current projections
imply. Third, the structure of contracts offered
to wind generators may require modifications,
because few wind farms will operate for more
than 12 to L5 years.

In releasing the report, the Renewable En-

ergy Foundation said that policymakers who

were expecting wind farms built before 2010
to contribute toward CO, targets in 2020 or
later “must allow for the likelihood thal the
total investment required to meet these tar-
gets will be much larger” than previous fore-
casts suggested. =

—David Wagman is executive editor

of POWER.
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Editor: The American Wind Energy Association (AWEA) recently con-
tacted POWER to request an opportunity to respond to the. editorial
“Under Siege” published in the December 2012 issue. The following

is AWEA's response to that editorial.

As wind energy’s growth has continued, spurred by improving
technology and declining costs, wind energy’s role in reducing
harmful pollution has become even clearer. Empirical data for the
United States and Europe clearly indicates not only that wind

offsetting the use of fossil fuels at power plants, but that by
 displacing the most expensive and therefore least efficient power
_ plants first, wind energy results in even larger pollution savings
: -than-expected.

;.».There is no dispute that. every MWh of wrnd energy.added to the
;?'power grid displaces a MWh that would. have been produced by the
:‘most expensive power plant currently operatrng, which is typrcally

ortunately, a large body of real world data is now avarlable
55€sS5. how wind energy affects the. efﬁcrency of othier power

gles To start with, the U.S. Department of Energy collects detailed
- data on the.amount of fossil fuels consumed at power plants, as

" states thathave added significant.amounts of wind energy against

supported hypothesrs that wind energy has a negative impact on
- the efhcrency of fossil-fired power plants.

" in fact, states that use more wind energy have seen the effi-
- ciency of their fossil-fired power plants fare slightly better than
- states that use less wind energy. Specifically, coal plants in the
- 20 states that obtain the most electricity from wind saw their av-
...erage etﬁciency decline by only 1.00% between 2005 and 2010,
- versus 2.65% in the other 30 states. Increases in the efficiency
. at natural gas power plants were virtually identical in the top
. 20-wind states and the other states, at 1.89% and 2.03% im-
provement respectively. The efficiency of fossil-fired power plants
fared comparably well in the top 10 wind states (which obtain
between 5% and 16% of their electricity from wind), with coal
plant efficiency increasing by 0.51% in the top 10 wind-using
. states and declining by 2.65% in the other 40 states, while gas
plant efficiency improved by 0.78% in the top 10 wind states and
2.17%in-the other 40 states.

Similar results can be found in International Energy Agency
data for Europe, which shows that the top 5 wind countries (which
obtain between 7% and 23% of their electricity from wind) saw
the average efficiency of their natural gas power plants increase
by 11% as they ramped up their use of wind energy from 1999-

The Facts About Wind Energy’s Pollution Reductions

-0ECD Europe. Over that time period, coal plant efficiency fell by

tion -coefficient of 0 would indicate that there is no statistical

_ energy results, in the expected pollution reductions by directly

always coincided with increases in emissions, and the observed

‘the least efficierit fossil-fired power ptant. However; some: have’
.attempted-to claim; without support, that adding wind- energy .
the power system can negatrvely af‘Fect the efficiency of otherf'f
lants, reducmg the ermsswns sav1ngs produced by wrnd"‘f ;_,possrble explanatory factors for the observed decreases in.emis-
-,l,_,--srons 1ntensrty, suchas mcreased use of hydroelectnc or nuclear:
- -energy, increased- use of natural gas mstead of coal changes in..

the efﬁcrency of fossil-fired. power plants, or changes in-electricity

' '1mports or’ exports: If wind energy were. causmg large. dechnes in

.90 for Spain;. and‘a whopping .96 for Iréland:

nts, allowing one to approach-the question- from multiple an-

well' as the amount of electricity produced by ‘those power’ plants ing.Lis

- By comparing how the efficiency of power plants ‘has changed 1n;-‘3:._’
“ofa new report from the National Renewable Energy Laboratory

. how it has- changed in states that have not, orie can test the un- .

- plants in the Western U.S. The in-depth, multr-year and peer-re-

The data clearly shows that there is no such relationship, and -
.viewed analysis found that even in a scenario with wind providing

_accounting for less than 0.2% of the emissions savings produced -

EMISSIONS

2010, larger than the 7% increase in efficiency seen across all of

1% in the top 5 wind countries'and remained unchanged across all
OECD Europe countries.

Another method to assess whether wind energy is producing
the expected emissions savings is to calculate whether increases
in the use of wind energy are correlated with decreases in the
amount of carbon dioxide emitted per MWh produced. A correla-

relationshlp between wind energy output and emissions inten-
sity, a coefficient of -1 would indicate that wind output increases

coefficients of nearly +1 indicate. that increases in wind- output
nearly- always coincided with major decreases in emissions. The
correlation ‘between increasing wind energy output .‘a'nd" declin-
ing emissions intensity in the leading wind energy countries over
the-period-1999. to 2010 was extrer'nely strong, with a-correlation
coefficient-of .77 for Denmark, .82 for Germany, 86 for Portugal

These correlation-coefficients were far hrgher than for any other

the efﬁcrency of fossil-fired power plan‘rs Zero .or. negatwe corre~
lations. would have been found mstead of correlatlons approach-

These ﬁndrngs are further confirmed by the prehmrnary results :

that uses empmcal data from another source, ‘EPA's. network of -
power plant contmuous emissions. momtors to evaluate the im- -
pact of wind energy on the efficiency -of all fossil-fired power

25% of all electricity in the Western U.S., wind's total impact on
the efficiency of fossil-fired power plants would be “negligible,”

by wind energy. As a result, carbon dioxide emissions declined hy
29-34% in the 25% renewable energy case. Moreover, the analy-
sis found. that adding wind energy to the grid actually slightly
increases the average efficiency of coal and. natural gas combined
cycle power plants by offsetting the least efficient plants. '

No matter how one approaches the question, the data is clear
that wind energy greatly reduces fossil fuel use and pollution.
Moreover, the results discussed above are in addition to a large
body of indepengdent grid operator, utility, and government analy-
ses and data that have already examined how wind energy inter-
acts with the power system and unanimously found that wind
energy produces pollution savings that are as large or larger than
expected.

—Michael Goggin is the manager of transmission policy at the
American Wind Energy Association.




