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measuring
environmental 
impacts
These voluntary guidelines, from the U.S. 

Fish and Wildlife Service, provide incentives 

for developers to implement its 

recommended practices.
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provide a “tiered” decision-making
framework for developers to assess and 
mitigate a proposed project’s potential
environmental impact. Second, the 
Guidelines provide Best Management 
Practices for site development, 
construction, retrofitting, repowering, 
and decommissioning for wind projects
across the country. With this broad 
overview in mind, we can turn to a 
more detailed description of the two 
objectives. 

The Guidelines first objective is to 
set forth a uniform tiered approach for 
evaluating and mitigating a potential
project’s environmental impact. This 
essentially entails an escalating series of 
reviews (the tiers) which developers can 
use to collect information in increasing
detail as the proposed project advances,
quantify potential impacts on species of 
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concern and their habitats, and evaluate 
those risks in the context of the project’s
siting, construction, and operation
decisions. In more detail, they include: 

Tier 1: Preliminary site evaluations. 
The first tier is intended to locate 
potential sites for a wind projects that 
have the least potential for negative
environmental impacts. As part of 
the Tier 1 review process, USFWS
asks developers to begin with a broad 
geographic area for its potential 
location, and then eliminate areas
where environmental sensitivity is 
particular high due to the presence of 
large blocks of intact native landscapes, 
intact ecological communities, habitats
for fragmentation-sensitive species, or
other important landscape-scale wildlife
values.

Bald and Golden Eagles have gotten special attention from the USFWS. The Service regards a developer’s 

adherence to the Guidelines, including communication with the Service, as appropriate means of 

identifying and implementing reasonable and effective measures to avoid the take of species protected 

under the Migratory Bird Treaty Act and the Bald and Golden Eagle Protection Act. 
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The Guidelines indicate that developers 
may conduct this Tier 1 evaluation based
primarily upon existing public or readily 
available landscape-level maps and databases 
from sources such as federal, state, or tribal
wildlife or natural heritage programs,
the academic community, conservation
organizations, or the developers’ or
consultants’ own information.

Tier 2: Site characterization. After the 
developer works through the Tier-1 process,
it is then necessary to systematically 
evaluate the risk of the proposed project on 
any species of concern and their habitats
within the proposed site. According to the
Guidelines, Tier 2 studies should include
three elements. First, the developer must 
review existing information about the site, 
including published literature, databases 
and maps of topography, wildlife, habitats, 
plant distribution, land use, and land cover. 
Second, the developer must contact agencies 
and organizations with relevant scientific
information to help identify bird, bat, or 
other wildlife concerns. Finally, because 
Tier 2 evaluation is site-specific, there
should be at least one site visit by a biologist 
and, if there are issues relating to varying
conditions or seasonal changes, additional
site visits might be necessary.

Tier 3: Field studies to document wildlife
and predict project impacts. Once the site
has been selected and its characteristics have
been evaluated, the developer will need to 
attempt to identify on a more granular level 
the number, distribution, and behavior of 
any species of concern on the site and then 
estimate the potential risk of the project in 
light of those considerations.

Accordingly, Tier 3 evaluations begin 
with a determination of whether additional 
studies are needed to decide whether the
developer should proceed with construction 
or abandon the site. To answer this question,
the developer will have to gather the data 
necessary to predict post-construction
impacts on species of concern and their
habitats, design the project in a way that 
minimizes those foreseeable impacts, and 

identify any compensatory mitigation efforts 
that may be required to offset any adverse
impacts that cannot be otherwise avoided or 
minimized.

Once data gaps are identified and 
sufficient information has been gathered,
the Tier 3 evaluation will primarily focus on
these issues:
• Assessing whether species of concern are 
likely to be present in the project area during 
the life of the project
• Monitoring the site to determine the types 
of species present and how those species are
making use of the site, and
• Determining the consequences of the
proposed project on those species, especially 
in light of the information gathered and
known potential risks such as collisions with 
turbines, habitat loss and degradation, habitat 
fragmentation, displacement and behavioral
changes, and other indirect effects.

If the surveys conducted in Tier 3 indicate 
that no species of concern are present, or 
the developer is able to successfully mitigate
the impact on any species of concern, the
evaluation process effectively ends at Tier 3.

Two more tiers
Depending on the results of the previous
tier studies, it is possible that additional 
post-construction studies will be required
to determine whether the predictions of the
environmental impacts of the project were
correct. Two more may include:

Tier 4: Post-construction studies to estimate 
impact. The Guidelines suggest it may be
necessary to conduct fatality and habitat
studies.

First, the Guidelines recommend 
conducting fatality monitoring on large 
projects for at least one year after project
construction completes. Monitoring activities 
should provide developers with answers to
the following seven questions:

• What are the bird and bat fatality rates
for the project?

• What are the fatality rates for species
of concern?

• How do the estimated fatality rates
  compare to those predicted?
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• Do bird and bat fatalities vary within the 
  project site in relation to site

characteristics?
• How do fatality rates compare to 

  fatality rates from existing projects
in similar landscapes with similar
species composition and use?

• What is the composition of fatalities in
relation to migrating and resident birds
and bats at the site?

• Do fatality data suggest the need for 
measures to reduce impacts?

The Guidelines also suggest that developers 
may need to conduct studies of the direct and
indirect loss of habitat caused by the project.
These studies may focus on issues such as
habitat fragmentation and reduction in habitat
resources, as necessary depending on the 
circumstances of the particular project.
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Tier 5: Other post-construction studies. 
Finally, in rare cases the Guidelines suggest 
that Tier 5 studies will be required for
projects where the environmental impacts
have been particularly significant and any 
mitigation measures have been inadequate. 
USFWS indicates that this level of 
evaluation will be extremely complex and
time consuming, but it anticipates that the 
evaluations undertaken in Tiers 1 through 4 
will steer most projects away from sites that
might require this detailed level of review.

Best management practices
The Guidelines also set forth a large 
number of Best Management Practices for
all phases of a wind project’s development, 
from site construction and operation
to mitigation, retrofitting, repowering, 

and decommissioning. USFWS anticipates 
that use of the practices should reduce the
potential for adverse impacts on most species 
of concern and their habitats. Though the
complete list is quite long and covers many 
issues, a few examples provide a sense of the
types of practices that are proposed:

• “Minimize, to the maximum extent 
practicable, roads, power lines, fences, 
and other infrastructure associated with 
a wind-development project. When 
fencing is necessary, construction should 
use wildlife compatible design 
standards.”

“Use native species when seeding or planting
during restoration. Consult with appropriate 
state and federal agencies regarding native 
species to use for restoration.”
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• “Retrofit designs should prevent nests or
  bird perches from being established in or

on the wind turbine or tower.”
• “Decommissioning methods should

  minimize new site disturbance and 
removal of native vegetation, to the 
greatest extent practicable.”

Benefits of the guidelines
Although voluntary, these Guidelines provide 
incentives for developers to implement
the recommended practices. USFWS has
stated that, if a violation occurs, it will
take a developer’s documented efforts to 
communicate with USFWS and comply with 
the Guidelines into consideration when 
determining what corrective or disciplinary 
actions are required. Additionally, USFWS
will regard a developer’s adherence to the

Guidelines, including communication
with the Service, as appropriate means of 
identifying and implementing reasonable and
effective measures to avoid the take of species
protected under the Migratory Bird Treaty 
and Bald and Golden Eagle Protection Acts.

Accordingly, it is important that wind 
developers across the country take note of 
these new guidelines and implement them
into their existing environmental evaluation 
procedures. Though the requirements may 
seem burdensome, it is ultimately beneficial
for developers to know exactly what issues 
USFWS will be emphasizing in pre  and
post-construction meetings, and to have 
some level of regulatory certainty regarding
how particularly troublesome environmental
issues will be handled in the future. WPE
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Obviously, the goal is to reduce the annual expense of those 
expressions in the numerator and maximize annual energy 
production in the denominator. A few best practices can be 
highlighted by using this equation to observe asset intelligence 
ideas in planned and unplanned maintenance, annual energy 
production, and means to visualize intelligence. A brief intro of each 
maintenance and performance target will be followed by a more 
detailed discussion.

Planned maintenance: Because the wind industry is relatively 
young, most planned maintenance has been calendar based. But 
as the industry matures, it is beginning to see the emergence of 
maintenance guidelines based upon production. Comparisons to the 
thermal-power industry can be made with respect to methods for 
production or condition-based maintenance as a means to reduce 
lifecycle expense. Available data from turbine sensors along with 
historical turbine and fleet performance provide the necessary 
inputs to maintain high levels of turbine reliability.

Unplanned maintenance: Based upon industry observations 
including that from GE Renewable Energy, upwards of 30 to 60%1

of an operator’s annual maintenance budget may be used to pay for 
unplanned events. In several cases, these unforeseen events may 
have been avoided through proactive management of imbedded 
SCADA data and other sensors and equipment, such as vibration 
based condition monitoring. This predictive capability is beginning 
to exhibit an industry-wide drop in unforeseen events. Across its 
warranty and contracted O&M sites, GE’s PulsePOINT is helping 
reduce unplanned expenses and facilitate higher availabilities and 
production.

Also fundamental to the successful management of unplanned 
maintenance expense, an O&M cost model will help the turbine 
operator plan yearly operational expenditures, site staffing 
requirements, and spare part stock levels.

Site and turbine specific performance optimization: Wind 
conditions at specific sites seldom match those for which the wind 
turbine was originally designed. Initial sitings ensure that the most 
energetic pad is within the design capability of the installed wind 
turbine. That means there is an opportunity to extract incremental 
production from the under-used wind turbines within the wind 
farm. An analysis of individual turbine loads let owners assess the 
magnitude of the opportunity against the economics of the wind 
farm.

While many wind farm owners elect to self-maintain, recent 
contractual offerings between wind turbine OEMs and owners have 
centered on production. Through production-based metrics, service 
providers and operators can collaborate in decision making that 
yields further incremental gains in annual energy production. 

Operating efficiency visualization and reporting: It is 
vital to track planned and unplanned maintenance, along with 

installing upgrades to squeeze out incremental production. But to 
reach operating-efficiency entitlement (the best possible $/MWh 
that can be achieved for an operating wind turbine), crews must 
harness, disseminate, and summarize information that permits key 
operating decisions.  For example, a real time visualization of wind 
turbine performance variations with surrounding turbines can 
quickly highlight outliers and plan proactive actions to minimize lost 
production. 

Planned maintenance
Compared to other forms of rotating equipment in the energy 
industry, wind turbines are in their relative infancy. Component 
reliability has developed rapidly and units installed today are vastly 

Planned maintenance breakdown

Maintenance

Method

Upfront costs ($) Lifecycle costs 
($/MWhr)

Comments

1. Break - fix (at 

wind turbine 

or component 

level)

Low High

2. Calendar 

interval

Low Moderate

(PMS or CMMS)

and predictable

action

3. Environment Low Moderate

on production, not 

4. Production or Low to moderate Low

require maintenance 

check and/or action 

load or condition
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Closing in on the line of entitlement

improved over wind turbines installed just a 
few years ago.  Due to the limited long-term 
operational trend analysis of >1MW wind 
turbines, planned maintenance for wind 
turbines has been simplified to calendar-
based action. But today, with several years of 
operational experience to reference, planned 
maintenance is beginning to progress 
toward a level of sophistication seen in gas 
turbines and combined cycles. Wind farm 
and environmental data can now be used to 
conduct planned maintenance. The table 
Planned maintenance breakdown and Closing
in on the line of entitlement summarizes the 
evolution of planned maintenance.

A break-fix approach to maintenance is 
infrequently adopted for obvious reasons, 
but inexperienced owners and operators 
may find themselves reactively responding 
when simple pre-emptive (planned) tasks 
could have avoided an unnecessary break 
down. While initial expenses may be minimal 
due to the limited wind turbine run time 
accumulated, over time the lifecycle cost 
expressed as $/MWh (per the operating 
efficiency equation) would tend to be 
the furthest from planned maintenance 
entitlement.

Today, the Planned Maintenance System 
(PMS) or Computerized Maintenance 
Management System (CMMS) are the 
most common tools used to manage and 
schedule maintenance. Following a calendar 
based schedule, trained maintenance 
personnel adhere to a prescribed set of 
tasks or inspections or both on targeted 

components. Actions are recorded and stored 
for future reference and trend analysis. While 
this approach provides for predictable costs 
and drives up wind turbine reliability and 
availability, it may be doing so at costs higher 
than necessary. For example, dispatching 
labor and materials every six months may 
keep operators from achieving lifecycle-cost 
entitlement regardless of how the turbine has 
physically operated.

Contracts between a service provider and 
owner are increasingly focused on production, 
which is appropriate because it directly aligns 
with wind park owner’s profitability. Using 
available weather data to intelligently organize 
planned maintenance is beneficial for all 
parties, and further aligns owner and service 
provider. 

Measuring production loss instead of 
time based availability places focus on more 
meaningful operating metrics as shown in the 
2011 data set of GE 1.X wind turbines. Because 
the impact on production is lower than the 
impact on availability, it can be concluded that 
scheduled maintenance is being done when 
winds are minimal.

Wind turbines do not operate at steady 
state loads, hence their maintenance intervals 
logically should not be based solely on a 
calendar. Consider that gas turbine maintenance 
has matured and now centers on factored or 
equivalent fired hours or starts, not calendar 
hours. GE’s “Heavy-Duty Gas Turbine Operating 
and Maintenance Considerations”2 publication
has evolved over a 23-year span with 13 updates, 
each of which has brought incremental clarity 
to maintenance due to environmental and 
production-based conditions. Current wind-
turbine maintenance manuals reflect this 
evolution by offering flexibility in planned 
maintenance actions. Based upon component 
conditions resulting from real time oil analysis, 

Production loss and availability vs. maintenance method

The chart illustrates 

a comparison of 

lost production 

and time-based 

availability between 

GE-provided O&M

and self-performed 

O&M for GE wind 

turbines.

Source: GE Renewable Energy

The line of 

entitlement is the 

best possible 

$/MWh that can 

be achieved for 

an operating 

wind turbine.
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vibration based condition monitoring systems, 
and physical inspection, planned-maintenance 
frequency intervals are beginning to detach 
from the calendar. Merging the predictive 
analytics of low-wind periods provides further 
intelligence to align planned maintenance 
with minimal production impact. 

Unplanned maintenance  
Providing the intelligence to eliminate 
unplanned events, or shifting them into 
planned maintenance operations, helps reach 
operating-efficiency entitlement. There are 
several ways for doing so. Advanced anomaly 
detection is one. 
 Moving away from a break-fix strategy for 
unplanned maintenance to a more predictive 
approach positively impacts operations 
by allowing a reduction in unplanned 
maintenance. Advanced anomaly detection, 

such as in GE’s PulsePOINT, brings predictive 
maintenance to the forefront of technology 
by clearly identifying an emerging issue, the 
timing required to respond, and providing 
a recommended course of action.  What 
may have become an unplanned event 
now becomes a planned activity. Current 
gold standards for this capability involves 

Pushing to the left

An original 
and upgraded 

power curves 

are compared 

to calculate the 

incremental 

energy 

production.

developing an end-to-end detection to closure 
process that combines the vibration-based 
condition monitoring system (CMS) and 
SCADA data collection system as shown in 
the illustration CMS and SCADA working 
together.  
 Data analysis over several years 
confirm that the two technologies provide 
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complementary detection capability: 
CMS monitors for drive-train mechanical 
anomalies which produce vibration 
signatures while SCADA data captures 
primarily turbine underproduction and 
electrical anomalies.
 As with planned maintenance, the growth 
of long-term trend data and analysis is 
enabling better decision making for wind-
turbine operators. Consider for example, that 
PulsePOINT now has more than 150 specific 
rules and performance algorithms providing 
intelligence about a state of particular wind 
turbines as compared to all others within the 
farm and fleet.
 
Modeling unplanned risks to 
better anticipate O&M costs and 
availability: Wind turbine operators 
should consider developing the capability 
to predict the quantity and magnitude of 
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CMS and SCADA working togetherWhile CMS monitors drive-train 

mechanical anomalies, SCADA data captures turbine 

underproduction and electrical anomalies.

unplanned maintenance across 
their fleet of turbines.  A model 
will help a turbine operator plan 
yearly operational expenditures, 
site staffing requirements, spare-
part-stock levels, and potentially 
let the operator pull work 
typically performed during an 
unplanned outage into a scheduled 
maintenance period. A predictive 
model can be developed internally 
or with commercially available 
tools3  fit a specific fleet or farm. 
Post-commissioning, operators are 
encouraged to gather data on each 
unplanned event that occurs in their 
fleet4, such as:

Event date, description, outage 
  duration, and parts replaced

Turbine characteristics such as 
  farm, turbine number, OEM, and model

7 7 5 - 8 2 7 - 6 5 6 8   w w w . a b a r i s . c o m
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Failure characteristics, 
electrical or mechanical
Operating characteristics such 

  as turbine age and capacity 
factor
Environmental conditions such

  as temperature and humidity

          This data, supplemented with SCADA 
fault information and current risks identified 
by advanced anomaly detection, can be used
as the basis for building a statistical model 
of unplanned maintenance for a given fleet, 
farm, or unit. 

Applying tools to manage unplanned
maintenance risks: Owners and operators
have several alternative strategies for 

managing unplanned maintenance and
associated risk, which currently translates
to 30 to 60% of annual maintenance
budgets. The first option is to manage that
risk entirely in-house, using home-grown
or commercially available tools. A second 
approach is to contract with the OEM
service provider to transfer – either 
partially or completely – the unplanned

maintenance risk to the OEM. In this
scenario, the OEM uses its own specific
models, design knowledge, and
experience to manage and reduce 
unplanned maintenance. In the case
of GE, these models benefit from fleet
experience of 18,000 wind turbines and 
use probabilistic modeling of individual
components. The most significant

User-defined criteria lets an 

operator quickly isolate causes 

of lost production. The screen 

shot comes from GE’s Wind-

SCADA 2011.
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advantage of this approach is that it is
not based upon industry-wide generalities, 
but instead is specific to the model and 
components installed at site. This
additional intelligence lets owners move 
closer toward their operating efficiency 
entitlement as previously defined.

         A third, newest, and least likely 
understood approach is to devise a hybrid
method of managing unplanned maintenance
risk that includes portions of the first two
alternatives coupled with insurance. 
        Keep in mind that terms such as “sudden 
and accidental,” “wear and tear,” “extended
warranty,” and “failed components” often have
multiple definitions. Before starting down
any path related to unplanned maintenance 
management, owners and operators should
conduct sufficient due-diligence to determine 
the best approach for their sites.

Optimizing production
Using available wind-turbine-design margins 
provides the greatest untapped potential for 
reducing normalized operating costs. This
margin can be determined by evaluating 
the application of the wind turbine against 
the actual wind conditions at a specific 
site. For example, the GE 1.5-77 (1.5sle) is
designed and certified to operate in class II 
wind conditions. However, for a variety of 
reasons, a number of these wind turbines 
operate in sites that are more reflective of 
less aggressive or class III conditions.  Site 
and turbine specific analysis of performance
enhancements that push the power curve up
and to the left can be conducted to calculate 
the incremental energy production available 
within the design limits of the wind turbine. 
The owner’s operating efficiency – expressed 
in $/MWh – will be improved provided 
the rate of incremental annual energy 

production is greater than the rate of the 
related incremental maintenance costs (if 
any).

Visualizing intelligence to make
informed decisions
To move closer toward an operating-
efficiency entitlement, it is important to
transform massive amounts of data into
meaningful intelligence. Laying out this 
intelligence in a telling way lets service 
providers and owners make informed 
decisions. The three elements necessary for
reaching this level of insightful collaboration 
between owner and service provider include:

Routine analysis and review of historical
performance trends; Assessing the 
frequency of faults, production loss due 
to trips, and availability are examples 
of metrics that yield insights necessary for
improving operations. For instance, 
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owners that use GE Wind Services for 
planned or unplanned maintenance 
receive the benefit of such analysis. 
Embedded in the reports is the outlier 
anomalies detected from PulsePOINT.
Software that uses algorithms born 
from an aircraft engine and gas-turbine 
heritage compares individual turbine 
sensor measurements against other similar 
sensors. This comparison is not restricted 
to wind turbines within the wind park, but 
rather against the entire OEM fleet. 

Tools for real-time monitoring, evaluation, 
and decision-making: Real-time 
visualization tools provide the intelligence 
for managing wind farm assets. Given 
the high rate of real-time data flowing 
from wind turbines, software tools must 
be suitably reliable to handle the volume.  
Recent updates to SCADA software, such 

as WindSCADA 2011, permits faster 
insights for troubleshooting support, 
evaluation of interactions with ambient 
conditions, and identifying opportunities 
to improve up-time. Because operator 
needs are unique, successful software 
must be flexible enough to customize 
screen views. 

Collective formulation of actions drive 
improvements in operational efficiency: 
Meaningful collaboration is paramount to 
reaching high levels of operating 
efficiency. A performance comparison 
against an entire OEM fleet offers insights 
to achieve world class operating efficiency. 
Owners and operators, along with their 
service providers, are offered insights 
and lessons learned from the entire fleet 
of wind turbines, and can take proactive 
steps to improve performance and reduce 

operating expenses. For example, seeing 
that a particular site is performing 
below the overall product line fleet 
average should drive all site personnel to 
pause and investigate why that is the case. 
In conjunction with commercial metrics, 
this level of honest, fact-based analysis 
is necessary to achieve required operating 
efficiency. 

         Harnessing copious amounts of data that 
streams from each wind turbine is critical to 
achieving operating efficiency entitlement. 
Using the equation for wind turbine operating 
efficiency as the metric, the elements needed 
for optimization have been identified.
         Using intelligence gathered at the 
turbine, farm, and fleet level is critical to 
reducing unplanned expense. Examining the 
production capability of each turbine in a farm 
lets operators tap into the most substantial 
means of improving the efficiency metric. And 
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finally, by visualizing and presenting wind
farm intelligence in insightful ways, service
providers and owners can collectively make
the best decisions to achieve operating 
efficiency entitlement. WPE
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www.awea.org/events

AWEA 
Educational 

Program Fall 2012

Scan this code with your smartphone for event details.

AWEA Regional Wind Energy Summit – New England
September 5 – 6, 2012  Portland, ME

AWEA Wind Resource & Project Energy Assessment Seminar  
September 13 – 14, 2012  Pittsburgh, PA

AWEA OFFSHORE WINDPOWER Conference & Exhibition  
October 9 – 11, 2012  Virginia Beach, VA 

AWEA Wind Energy Fall Symposium  
November 14 – 15, 2012  Chandler, AZ

AWEA Regional Wind Energy Summit – Southwest  
December 5 – 6, 2012  Houston, TX

The American Wind Energy Association (AWEA) creates industry events that capture the energy of 

this ever-important global wind energy segment. Offering unparalleled educational sessions and 

discussions, and led by the industry’s foremost authorities in wind energy issues, AWEA events are 

a necessary piece of any serious wind professional’s development. 

Save the dates NOW for these invaluable Fall 2012 events:


