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Executive Summary

nce a wind power facility is operational, the key to its

performance over the long term lies in its maintenance

program. A reliable and cost-effective maintenance program
must be in place to ensure efficient operation of wind turbines
throughout their lifespan. Typically, wind farm operators buy extended
warranties from their turbine manufacturers that cover parts and labor
for both scheduled maintenance and repairs. However, this trend is
gradually changing as utilities are exploring in-house maintenance
programs. California’s Los Angeles Department of Water and Power
(LADWP) has taken on the challenge of setting up an in-house
maintenance program.

LADWP recently began the Pine Tree Wind Project in California’s
Tehachapi Mountains, which will generate 120 MW of wind power.
Inspired by the state’s renewable portfolio standard initiative, the
project is poised to be the largest municipally owned wind plant in the
United States. LADWP purchased 80 1.5-MW turbines from General
Electric for this development. Although offered a full warranty for labor
and parts, LADWP opted for a parts-only warranty, as its union workers
wanted to retain the maintenance jobs with the utility’s work force.

Setting up an operation and maintenance (O&M) program for wind
generators has been a major learning process for LADWP. The U.S.
Department of Energy’s Western Area Power Administration and
Sandia National Laboratories provided extensive guidance on this
task. Both agencies introduced LADWP to several resources and
gathered information from the Nebraska Public Power District (NPPD),
which was further along in implementing an in-house O&M program
and EnXco, which provides O&M services to several wind plants.

Setting up an O&M Program: Warranty Option

Just as a new motor vehicle needs routine maintenance, so does a
wind turbine, if it is to operate effectively over the long term. To help
with this process, a wind turbine operator should establish an O&M
budget and maintenance plan that will address how often a piece of
equipment should be examined, repaired, or replaced. Manufacturers
generally offer two- or five-year warranties to cover these repairs.
However, most operators select the two-year option, as the failure
rate decreases after the first two years. After the warranty expires,
operators must decide whether to establish an in-house maintenance
program or to contract out for repairs.



Key Elements of a Wind O&M Program

Safety and Risk Determination Guidelines

A safety component must be incorporated into any maintenance
plan or training program and it must comply with established safety
standards. Before a technician performs any type of maintenance,
he/she must determine whether the procedure is
an acceptable risk and ensure that safety measures Major Safety Concerns

are in place and functioning properly. This includes

e Height

* Moving Equipment
system. A technician should also receive permission «  Electric Power

examining fall protection and the lockout/tagout

from a supervisor before performing maintenance.

Maintenance Training Program

A technician must receive proper training before attempting any form
of maintenance or repair. Training typically comes from vocational
schools, manufacturers, or contractors. If approved, LADWP will
receive maintenance training from GE. Although NPPD holds weekly
training sessions from its turbine manufacturer, its technicians who
have successfully completed wind maintenance courses also offer
training sessions. LADWP should consider working with the Los
Angeles Trade Technical College to help certify technicians to perform
maintenance and host training sessions at the utility’s wind facility.

One key component of a training program is maintaining a training log
of who has received training in a particular area. This will help ensure
that a technician is capable of performing a certain maintenance task.

Maintenance Plan

The first step in developing a maintenance plan is to establish

a maintenance schedule. It is recommended that LADWP follow
GE’s maintenance schedule, which lists suggested maintenance at
intervals of 4, 6, 12, 24, and 48 months. Adhering to a maintenance
schedule is a cost-effective way to ensure that the turbines are
functioning properly.

Repairs could be grouped by maintenance type, depending on
whether they are electrical, mechanical, or structural. Older turbines
have special maintenance needs requiring overhaul every five years.
Incorporating a plan for predictive maintenance will allow operators to
repair a turbine part before it fails. Condition monitoring systems are
highly recommended for this as they will allow an operator to monitor
a turbine’s overall performance, oil levels, blades, thermography,

and vibrations. In addition to predictive maintenance, an operator
should plan a cleaning schedule. Cleaning will be minimal for turbines



in areas with a sufficient amount of annual rainfall, as opposed to
industrial areas, where dirt will accumulate easily and reduce the
efficiency of the turbines.

o . "% SO 9000 Standards Unscheduled maintenance can be minimized if a quality control
L] : system is in place. This includes implementing on-site and
' Planning internal audits (turbine maintenance, turbine acceptance, and
Doing end-of-warranty inspections) in accordance with ISO 9000

Checking standards. Finally, each maintenance plan must include a rescue
Acting

component, which will make the process more time efficient and
smooth.

Implementing an In-House Wind O&M Program

Installing Equipment Improvements

Turbines are more reliable today due to improvements in equipment.
Condition monitoring systems allow operators to track and analyze

a system’s performance, thus determining if a repair or tune-up is
needed. Another major improvement is the increase in turbine size.
This not only maximizes an operator’s return on investment, but
makes repairs easier for technicians as there is more room for them to
work. Other crucial improvements include stronger rotor components
and the addition of a service lift, which improves safety and speeds up
repair time.

Staff Requirements

According to EnXco, the number of on-site technicians required
depends on several factors, including the project’s size, turbine
type(s), the owner’s availability goals, and home office consolidation of
support functions. Based on the experiences of EnXco and NPPD, it is
recommended to employ one technician for every six to eight turbines.

Budgeting for Maintenance Costs

Standard O&M budgets include scheduled maintenance, unscheduled
maintenance, spare parts, insurance and labor. However, there is
disagreement on how much money to allot for this budget since
changing requirements for maintenance from technology advances

3 n-r H T ~ k- s make it difficult to predict maintenance costs.
- = -:._. oo ¢ ceev? o _ _
B ' . —_— Availability of Maintenance Equipment and Spare Parts

Most wind facilities are located in rural areas where wind is plentiful.
However, due to the location, repairs can be expensive if a facility
does not have an in-house maintenance program. Much of the cost
is attributed to contracting outside labor, equipment rental, and
turbine downtime. Climbing a tower could also contribute to the cost.




Although the GE 1.5-MW turbines are equipped with a ladder and a
lift, most towers contain only a ladder, which takes a physical toll on
technicians over time. Finally, it is essential to keep a supply room with
manufacturer-recommended spare parts. Turbine downtime will be
minimized if these materials are kept in stock.

Reliability Program

Assessing reliability of components should be a core part of every
maintenance program. The four elements that determine reliability
are probability, intended functions, stated conditions, and time. For a
reliability program to work, it is important to track turbine shutdown
and start-up events and work orders. Trending, or the ability to trend
conditions that lead to failure of parts, is also important.

Using Available Resources

Several federal agencies and nonprofit organizations are available
to provide more information to wind turbine operators. Most of
the organizations disseminate information through conferences,
publications, videos, Webcasts, and training.

Sharing Experiences and Information

Public power utilities can leverage their peers’ experiences to
determine cost-effective solutions for their 0&M programs and
develop further understanding of maintenance costs and needs as
more information becomes available.




G
AT

i 47

T

e

F
Wt

e

3

B
=

ok
Tt
g

T

N pe e

o

T
“!ﬂl _‘__J!
=

[

A

-1
28
et fr'

77
I gt L
=

Sy
ol P, 0,7
_,-'-""-F

b

q"l.t‘
‘-_f e
_—

-

A5
-y

é,'.

=
Poe
e - =
. a-""'"_:.-_-:
e —

=TS

TS i‘.‘ 1:
.’!‘%ﬁi"{' -
e

B

7

y

UL
..‘J,b_,.---"'" =

(|

Sy

¥
A
=T

—r]
e

ey,
T
KOS
o ———

TS

| I.._":'
—
-

{l

[

i
hpe—

\

L)

7 s
L

&

Introduction

he California Legislature passed a series of bills in 2003
mandating that California produce 20 percent of its

electricity from renewable sources by December 31, 2010—a
requirement set by the renewable portfolio standard (RPS).! Several
California cities have set internal targets and are initiating plans to

help the state reach its aggressive 20 percent requirement, even

though municipal utilities do not fall under the state-mandated RPS.?
Instead, municipal utilities are required to develop their own RPS. For
example, Los Angeles Mayor Antonio Villaraigosa challenged the Los
Angeles Department of Water and Power (LADWP) to adopt the goal

of achieving 20 percent of its electricity from renewable resources

by 2010.3 Albeit only 7 percent of LADWP’s electricity came from

renewable sources in 2006, the utility has accepted the challenge.

As a major move to step up its renewable energy supply, LADWP has
begun the Pine Tree Wind Project, a 120-MW project in the Tehachapi
Mountains, which is poised to be the largest municipally owned wind

project in the United States. Consisting of 80 1.5-MW wind turbines,

the project will be located partially on land purchased by LADWP

and the remaining on land leased from a nearby rancher. LADWP

purchased wind turbines for the project from General Electric (GE).
Currently, LADWP is cutting roads in this otherwise remote area and

will begin assembling the wind turbines after the road construction is
completed.®

LADWP Energy Sources, 2006

Renewable
Coal
Large Hydroelectric
Natural Gas
Nuclear
Other

Total

Source: LADWP 2006 Green Power Annual Report

7%
47%
8%
30%
8%
<1%

100%



Once the wind project is operational, having reliable and cost-effective
project maintenance is essential to delivering power cost-effectively
over the long term. Typically, wind farm operations have contracted
with the turbine equipment manufacturers for scheduled and
unscheduled maintenance and repairs under various maintenance/
warranty agreements. More recently, as the industry matures, this
trend is changing, with utilities seeking other maintenance/warranty
options. The utilities at the forefront of these changes are facing

a learning process to develop optimal maintenance and operation
programs.

LADWP underwent a similar investigative and learning process when
it encountered some hurdles as it set out to develop a maintenance
program for its Pine Tree Wind Project. Under the warranty program
that GE offered LADWP, GE would cover labor and parts on the
project’s equipment if LADWP agreed to use GE technicians to service
the equipment for two years. LADWP, however, on the request of its
union, opted for a warranty only on the parts but not the labor to repair
them and instead decided to create its own maintenance program.
The main challenge with this option is that LADWP must construct

a maintenance program using the existing union job classifications,
such as those at LADWP’s San Francisquito Power Plant No. 1, a
hydroelectric facility. This meant determining which job classifications
can perform the tasks of a “windsmith” and other designated trades
for wind turbine maintenance. Also LADWP must establish in-

house staffing and skill levels required to meet both scheduled and
unscheduled maintenance.

Recognizing its challenges and wanting to learn from other utilities’
experiences, LADWP sought assistance from the U.S. Department

of Energy (DOE) in developing its maintenance program. As a result,
LADWP received extensive guidance and support from DOE’s Western
Area Power Administration (WAPA) and Sandia National Laboratories
(SNL) in setting up an in-house maintenance program for its Pine Tree
project.

The Utility Wind Integration Group (UWIG)® is a leading resource

for technical know-how on wind integration. LADWP participated

in the second Wind Turbine Reliability Workshop (held September
17-18, 2007 in Albuquerque, N.M.). This was an excellent forum

for information exchange in the wind energy industry. LADWP staff
toured a wind maintenance project operated by EnXco, in Palm
Springs, California, to get an overview of wind turbine operation and
maintenance. In addition, WAPA and SNL obtained information for




Setting up an O&M Program:
Warranty Option

hen customers purchase a new car, they purchase the

vehicle knowing it will not last forever. To keep the car

functioning efficiently, the owner must perform routine
tasks like oil changes and tune-ups to ensure a long life. The same
is true for a wind turbine. Prolonging the life of turbines at a wind
project beyond their expected 20-year lifespan requires establishing
an operation and maintenance budget and a maintenance plan that
provides for periodic check-ups and necessary repairs. According
to Dan Levin, vice president of marketing and sales for the Energy
Customer Service Business at Rolls Royce, “Turbines are really reliable
as long as they’re responsibly maintained.””

The first step in establishing a long-term 0O&M budget and plan is to
determine which warranty is the most appropriate for the project. Most
wind turbine manufacturers provide two- or five-year warranties for
labor and parts, although some smaller turbine owners opt to have the
manufacturer conduct both operations and maintenance. The two-year
warranty is more typical and is included in the total cost of the turbine.
Besides the affordability, turbine operators often select a two-year
warranty over a five-year contract because of the pattern in turbine
failure rates. According to the U.S. Energy Information Administration,
turbine failure rate is the highest immediately after its installation.®

In a standard warranty, technicians from the manufacturer typically
work to fix the system errors within the first two years. Following this
two-year break-in period, the failure rate decreases because the flaws
have been fixed.

Once the warranty expires, owners must contract out the maintenance
work, often paying out of pocket for material and repair expenses. This
is frequently is not cost-effective. As an example, NPPD constructed

a 36-turbine wind project that generates 63.6 MW of electricity in
2005.° When NPPD purchased the turbines, the utility opted for a
standard two-year warranty that covered parts and labor'® while the
utility managed the turbines’ daily operations. After the warranty
period ended, instead of purchasing an extended warranty, the

utility decided to implement an in-house maintenance program to be
operated by staff who had completed maintenance and safety training.



Conversely, LADWP opted for an in-house maintenance
program right from the start. It negotiated for a
warranty from GE on replacement parts but not on
labor since its union, International Brotherhood of
Electrical Workers (IBEW) Local 18, wanted the task

of maintaining the wind project to stay with the utility’s
work force. The union was concerned that jobs would
be withheld from union members if LADWP accepted a
warranty that covered labor.*! For this and other reasons,
wind project operators are seeking to create in-house
maintenance programs.



Typical Causes of Injuries

Distractions
Electric shock

Loose footing
Dropped items

safety procedures

Unsecured equipment

Not following established

Key Elements of Wind
O&M Program

Safety and Risk Determination Guidelines

As with any maintenance plan, safety is the first priority. All aspects of
a wind maintenance program must conform to the safety standards
established by the U.S. Department of Labor’s Occupational Safety
and Health Administration, other legal and licensing bodies, and the
utility itself. The training program for a maintenance technician must
have a safety component that addresses height, moving equipment,
and electric power, among other topics.

Prior to performing maintenance, a wind plant operator must
determine whether the task is an acceptable risk. A technician must
also ensure that safety measures are in place and functional prior to
performing maintenance. For example, if the tower is
accessible via a ladder, the technician must check to
ensure that the harness and lanyards are in place and
properly fastened before the climbing. In addition, a
technician should always ensure that fall protection

Misuse of tools or equipment is in place before embarking on any sort of repairs.

Further, a technician should also employ the lockout/
tagout system before starting maintenance. This
system will prevent another technician from restarting
the equipment while a technician is working on an
offline turbine. Finally, a safety supervisor should
always certify that a technician is qualified to complete the assigned
maintenance task, thus determining that the risk is acceptable.

Establishing such guidelines that assist with assessing the risk for
performing a maintenance task or repair and having standard safety
procedures in place is a critical part of a wind turbine maintenance
program.

Maintenance Training Program

Maintenance technicians must undergo training before performing
any kind of maintenance task or repairs on damaged components.
The utility has several options for training its technicians since many
manufacturers, contractors, and vocational schools offer on-site
training and safety workshops. While LADWP is in the process of
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securing maintenance training from GE, NPPD installed turbines
manufactured by Vestas and receives maintenance and weekly safety
training from a representative from Vestas. NPPD also has technicians
who have taken wind maintenance courses at Northeast Community
College, the local vocational institute in Norfolk, Nebraska. The college
offers an associate of applied science degree for completed utility

line coursework, which instructs students on how to develop, operate,
and maintain electric utilities.? Technicians who have successfully
completed the classes could also provide in-house training.*® Similarly,
as an option for LADWP, the Los Angeles Trade Technical College
(LATTC) offers programs and apprenticeships for electrical engineering
and engineering operations and maintenance.** These programs
could certify LADWP technicians to perform maintenance and to

host maintenance training sessions, although the utility may want to
work with LATTC to offer more specialized programs in wind turbine
maintenance.

A training log should be maintained to record who received the
training and the areas/issues addressed in the training sessions.
Documenting training helps ensure that an employee is qualified to
perform a certain maintenance activity. Even though an employee
has already received training in a certain area, the employee should
periodically receive further training in the same area, as technology
and maintenance techniques advance and become more efficient.

Maintenance Plan

An equally important element of a maintenance program is charting

a strategy for both scheduled and unscheduled maintenance.
Scheduled maintenance includes preventive and other planned tasks,
such as oil changes, and typically entails 12 to 18 hours of turbine
downtime during repairs.'® Unscheduled maintenance may result from
unforeseen circumstances or poor maintenance of the equipment.

Several factors must be considered in developing a thorough
maintenance plan that ensures optimal operation and prolonged life
of wind turbines:

1. Establishing a maintenance schedule

The maintenance schedule implemented by utilities may vary
depending on the requirements of their wind project and supply
needs. Patrick Caramante, vice president of strategy and planning for
First Wind (formerly UPC Wind), detailed a preventative maintenance
schedule for 3-, 6-, and 12-month periods in his presentation at

the 2007 American Wind Energy Association (AWEA) conference.




He recommended each turbine’s bolts should be realigned every
three months, while filters should be checked and possibly replaced,
and gears lubricated and bolts tightened every six to 12 months.*®
Caramante also suggests scheduled maintenance plans for
transformers, substations, and controls.*”

NPPD has developed a routine maintenance of its turbines every six
months. The utility has 36 active turbines and inspects six of them
each month. As an additional precaution, NPPD also recommends
performing an informal inspection each time a technician climbs a
tower.®

EnXco, a leading provider of wind energy development and
management, recommended that LADWP follow GE’s maintenance
schedule, which breaks-up the maintenance schedule for the utility
in periods of 4, 6, 12, 24, and 48 months. GE suggests all bolts be
examined four months after their installation.?® It recommends 10
percent of foundation, yaw drive, yaw puck, and pitch drive bolts be
examined and replaced after six months. In addition, 10 percent of
tower, yaw bearing, yaw drive, yaw puck, pitch drive, blade bearing,
and shrink disk bolts should be examined and replaced each year,
while all nacelle hub adapter, gearbox pedestal saddle, and main
bearing bolts should be examined annually.2° With the exception of the
yaw drive, pitch drive, and gearbox oil, all other oil must be checked
every four months.# This will help ensure that the oil is clean and not
contaminated. Although the gearbox oil needs to be replaced every
three years, GE

GE 1.5 MW Turbine Diagram recommends
testing an oil
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2. Grouping maintenance tasks

Repairs may be scheduled by grouping the tasks by maintenance
type, electrical, mechanical, or structural. Structural repairs include all
maintenance associated with the tower or blade, be it paint, cleaning,
or remote monitoring. Electrical maintenance consists of all repairs

to cables, while mechanical involves all maintenance associated with
the turbine itself, including the shafts, controllers, generator, nacelle,

11



Summary of GE Maintenance Requirements for 1.5 MW Wind Project

Item 120 Days 6 Months Annually
Cleaning and General Inspection X X X
Controllers, Cabinets, Converters, Connections X X
Check Oil Levels, Yaw, Gearbox, Pitch Drives X X X
Yaw Puck Depth X X X
Anemometer and Wind Vane X X X
Pitch Motor Brushes X
Hub Pitch Battery Voltage X X X
Blade Bearings X X
Blade Inspection X X X
Gearbox Oil Filter and Sample X X X
Pitch Control Slip Ring Inspect and Clean X X X
Rotor Brake Inspect and Adjust X X X
Hydraulic Brake Power unit Breather Filter and Bleed X X X
Generator Coupler and Alignment X X X
Generator Slip Ring, Brushes Inspect, Replace, and Clean X X X

anemometer, wind vane, and gearbox. Generator and gearbox repairs
are typically the most expensive and are therefore important to
monitor every three to four months. Repairing these items is costly not
only because replacement parts are expensive, but because getting a
crane to the area and setting it up for repairs is time-consuming and
results in longer turbine downtime and reduced power production.?
Adhering to a strict maintenance schedule will help the wind turbine
operator avoid expensive repairs down the road.

3. Addressing special needs of older wind turbines

Older wind turbines require major overhaul for maintenance
typically about every five years. According to EnXco, manufacturers
do not recommend major mid-life overhauls of the turbines. The
manufacturers say they have designed the machines to last 20
years without an overhaul. However, many of the components

fail prematurely, and need to be replaced with new or rebuilt
components.?®




In addition, it is sometimes necessary to replace the moving
components, such as the gears. For example, NPPD installed two test
turbines in Springview, Nebraska, in 1998 to determine the feasibility
of wind-powering the state. After performing for almost a decade, both
turbines required massive repairs. Instead of financing the repairs,
the utility opted to decommission the turbines. However, the utility is
considering keeping the area as a research site and may install new
900-kW turbines.2®

4. Incorporating predictive maintenance

A scheduled maintenance plan should also include predictive or
preventive maintenance. Operators can save substantial money on
repairs by fixing a component before it malfunctions. A one method of
supervising a turbine’s functionality is through condition monitoring.
Although most parts are designed to last the duration of a turbine’s
lifetime, components occasionally expire earlier than expected. With
condition monitoring program, the operator observes a turbine’s
performance and identifies possible malfunctions early. Standard
condition monitoring systems involve analysis of oil levels, blades,
thermography, vibrations, and overall performance, while advanced
systems offer more analysis features. In addition, condition monitoring
cuts down on unnecessary maintenance repairs and costs. Dan Levin
of Energy Customer Service Business at Rolls Royce agrees and
suggests that a condition monitoring program is “a critical element in

13
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watching equipment and keeping track of and logging all the alarms
and all the operating trends so we’re able to identify problems before
they occur.”?”

5. Cleaning wind turbines

Cleaning is another important component of maintenance. Dust,
debris, sunlight, moisture, bugs, and other sediment erode blades and
paint. Dirty blades can have a negative impact on compressors and
engines by making them work harder. However, the issue of whether or
not a utility should clean the blades is highly contested. For example,
at the Spearville, Kansas, wind energy project, the area receives
enough annual rainfall that the blades and tower are cleaned by the
rain. However, turbines in drier climates may not receive sufficient
precipitation.? If a turbine is located near an interstate highway or
industrial site, it is more likely to collect sediment and exhaust. Under
those circumstances, Dan Levin recommends washing the turbines.
“These are breathing machines... As [pollutants] accumulate on the

compressor, the engine loses efficiency,”?® he said.

6. Preparing for unscheduled maintenance

Despite having an extensive scheduled maintenance program in place,
unscheduled maintenance may be required. For example, weather
may play a factor in unscheduled maintenance. If a turbine is struck
by lightning or is hammered by a snowstorm, tornado, or hurricane,
maintenance becomes necessary. Most unscheduled maintenance is
associated with mechanical issues, such as blown gaskets, bearings,
or burnt gearboxes. These repairs are typically taken care of within

a few hours. According to Bob Gates, senior vice president of Clipper
Windpower Incorporated, unscheduled maintenance has “degraded
profits of turbine manufacturers during the warranty period.”*° In
addition, approximately 25 percent of all maintenance performed

at an EnXco-operated wind project is for unscheduled maintenance,
although an estimated 80 percent of all faults are corrected by hitting
a reset button.®!

7. Implementing quality control of maintenance

The amount of unscheduled maintenance can be minimized by
implementing a quality control system, thus enabling the project
operator to easily monitor maintenance history and schedules. EnXco
recommended on-site and internal audits as quality control measures
following the ISO 9000 set of standards for planning, doing, checking
and then acting, as established by the International Organization for
Standardization.®?

EnXco recommended three types of inspections
for on-site audits: turbine maintenance, turbine
acceptance, and end-of-warranty inspections,
as well as a review of completed maintenance
task lists, updated pending repair lists, and
review of oil sample analysis reports and
gearbox inspections for internal audits.® A
quality control system that ensures scheduled
maintenance is completed to satisfaction will
extend the life of the wind turbine and reduce
the occurrence of unexpected repairs in the
long term.

e
8. Incorporating a'?';esc‘p
3 ' I
All maintenance plansghould'inco

rescue plan as its int‘egr&pa\rt. Circul !

may arise where a technician performing
maintenance task needs to be rescued, be

it for faulty equipment, heavy winds, or the
technician not following proper protocol. For.
example, EnXco employs a high-elevation
rescue training program at each of its facilities.
Depending on the size of the project, EnXco
has four to six rescuers, in addition to an on-
site emergency medical technician at larger
facilities.®* NPPD also utilizes a high-elevation
rescue program, but contracts outside of the
utility for training.®®




Implementing an In-House
wWind O&M Program

evising an internal O&M program for a wind project is to a

large extent still an uncharted territory. However, considering

the following factors in the process will help guide the
utilities in deciding on the best solution.

Installing Equipment Improvements

According to Mick Sagrillo of Sagrillo Power and Light, “The increase
in reliability we see in today’s wind turbines is the result of simple
designs and significant improvements in the materials that are used
for the component parts.”3¢ For example, several manufacturers

are developing wind turbines with installed condition monitoring
programs—a feature highly recommended by NPPD, based on its
experience.¥ In addition to being able to access data regarding a
turbine’s functionality, an operator can also install a visual monitoring
system that allows a technician to view the inside of a turbine prior to
performing maintenance.

The turbines manufactured today are bigger to maximize an operator’s
return on investment. This increased size also makes maintenance
easier. For example, larger rotor hubs are accessible from inside

the turbine, thus greatly improving the technician’s safety.3®
Manufacturers have also improved other rotor components, such as
the blades. The most efficient blades are light, long, and sturdy. Once
a manufacturer achieves that balance, maintenance requirements
and costs will decrease. Another design improvement is the addition
of service lifts. In older turbines, the nacelle, rotor, and blades are
accessible only via a ladder, making it more difficult for technicians

to reach equipment and perform maintenance. New turbines come
with an optional service lift, enabling a technician to complete
maintenance tasks more efficiently and safely, without making a 20 to
25-story climb. The service lifts also make it easier for a technician to
bring oil and other supplies to the top of the turbine.

According to EnXco, the company uses several tools that have
increased turbine performance and efficiency, including an electric
tool for torque of blade T-bolts and generator alignments, a hydraulic
tool for torque of most other large fasteners, and a laser tool for

15
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generator alignments.® NPPD also suggested installing tower lifts, as
it invests in the safety of the technicians. Although it is expensive to
retrofit an existing tower, the cost is lower for newer towers.

The facility must consider adequate staffing when establishing
its maintenance program. Although the number of technicians
required depends on the number of turbines to be maintained, the

requirement varies in practice. LADWP’s staffing requirement calls

for all maintenance staff to be affiliated with IBEW Local 18. NPPD,
although it has no union affiliation, recommends a staffing ratio of
one technician for every six turbines, suggesting that LADWP should
hire approximately 13 full-time technicians at the Pine Tree Wind
Project for its 80 turbines.*® However, the Spearville, Kansas, Wind
Farm employs eight technicians for operating its 67 turbines.** This
technician/turbine ratio of 1:8 is lower than NPPD’s 1:6 ratio. EnXco’s
practice of staffing its projects with 8 to 12 technicians is based on
the overall size of the project, turbine type(s), turbine size, availability
goals set by the owner, and home office consolidation of support
functions.*? Further, since the Spearville Wind Farm has GE turbines,
it is subject to GE’s requirement that all employees be trained in the
maintenance of 1.5-MW turbines. Similar to the practice of EnXco and
NPPD, employing one technician for every six to eight turbines would

be suitable for a utility’s in-house maintenance program.

Most O&M budgets are designed to cover the cost of scheduled
maintenance, unscheduled maintenance, spare parts,
insurance, and labor. However, determining how much money
should be allocated for maintenance is more difficult to predict. Capital and Other Operating Costs 78.9%
Some experts suggest apportioning 1 percent of a wind

system’s installed cost annually for repairs.*? The National Unscheduled Maintenance 16%
Wind Coordinating Collaborative (NWCC) suggests that an Preventative Maintenance 4.1%
overall annual budget should fall to approximately $1 million
per megawatt, with approximately 21 percent of the budget
slated for maintenance. Of that 16 percent of the budget Total Cost of Energy Components ~100.0%
should be allotted for unscheduled maintenance, 4 percent for

Major Overhaul 0.92%

tati dl th 1 tf i haul 4 Source: Public Renewables Partnership, www.repartners.org/wind/wpfactors.htm
preventative, and Iess than 1 percent 1or major overnaul.

However, other experts argue that there is no established

precedent to determine an estimated or exact maintenance cost.
According to the European Wind Energy Association (EWEA),
estimating potential maintenance costs is difficult because turbines
are significantly larger than they were 20 years ago as materials and
technology have advanced.*® EWEA also suggests that the newer



wind turbines are built with better, more durable materials than
earlier turbines, which indicates lower maintenance costs.*¢ Even the
Public Renewables Partnership agrees that maintenance costs are
decreasing, but that there are minimal data on maintenance costs
associated with newer materials.*” For example, gearboxes have
some of the highest repair costs because their designs have not
improved as rapidly as turbines have increased in size, resulting in
larger variable loads on the gearbox.*® Manufacturers are continually
working on gearbox designs to make them more durable. But other
manufacturers are designing direct-drive generators to eliminate

the need for gearboxes altogether. With continuing advances and

an industry that has yet to mature, it is challenging to budget for the
overall maintenance program.

Availability of Maintenance Equipment
and Spare Parts

Wind facilities tend to be located in rural and sparsely populated
communities. Repairs are costly for utilities that do not have on-

site maintenance crews because they involve contracting labor and
possibly renting additional equipment. Perhaps the most expensive
equipment to rent is a crane, which is necessary when trying to

reach or deliver items near the top of a turbine. Most of the expense
is associated both with the cost to rent the equipment and the
increase in turbine downtime, as it takes a while for a crane to be
brought to the project and then set up. Some manufacturers, such as
Clipper Wind Incorporated, are now installing on-board cranes. Other
expensive maintenance costs are associated with climbing towers.
Most towers are accessible only via a ladder, which is typically the
equivalent of climbing 20 to 25 stories. Over time, this exercise takes
a physical toll on technicians. To help mitigate this problem, those
purchasing a turbine now have an option of investing in a turbine that
has a lift or elevator. These additions help minimize injury, costs, labor,
turbine downtime. The GE 1.5-MW turbines are equipped with both a
ladder and lift.

One universal recommendation is for a utility to keep a stock room
with spare parts. Since wind technology is rapidly advancing and
materials are changing, it is imperative to keep a warehouse of

spare parts for the turbine. However, this is a very expensive option.
Instead of collecting all spare parts, operators should consult their
manufacturer’s list of recommended spare parts, which has been
assembled based on experience. The utility should keep its warehouse
stocked with those recommended parts, plus anything it has learned
that is unique to its situation. Storing these replacement components
will minimize turbine downtime by avoiding time taken to order and
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deliver replacement parts. Since materials keep evolving, the spare
part may be on back order, which would further prolong the turbine’s
downtime. NPPD shut down the twin turbines at its Springview project
in part because of the lack of available replacement components.“®

Implementing Reliability Program

Knowing the reliability of a component or system can help a

wind facility operator prepare appropriately for any eventuality of
component failure. Reliability is the probability that a product will
perform its intended function under stated conditions for a specified
period of time. It depends on a product’s planned use, its operating
environment, and time; thus, the four elements that determine
reliability are:

*  Probability

e Intended functions

e Stated conditions

e Time

An important element of a reliability program is tracking, tracking, and
more tracking. Tracking can play a vital role in ensuring an adequate
spare parts inventory, a critical aspect of a wind maintenance program
(see section 4.4). Proper data analysis can help determine which parts
fail most frequently, which parts take the longest to repair, and which
parts are the most expensive to replace or have on hand.

While supervisory control and data acquisition systems track turbine
shutdown and start-up events and measure turbine performance,
work orders are vital to understanding what faults and failures caused
a turbine to shut down and what maintenance actions were and will
continue to be needed to return turbines to service. Over the life of a
turbine, having well-written and meaningful work orders gives insight
into the root causes of turbine shutdowns. Work orders should be filled
out for both scheduled maintenance and unscheduled outages.

Reliability of a system is determined based on several metrics. A
principal system performance measure is mean time between failures
(MTBF), which can be calculated for a component as shown below.

MTBF = Total Operational Time/Number of Failures

In addition, the component’s MTTR or the mean time to repair can be
calculated as follows:

MTTR = Total Repair Time/Number of Failures

However, the reliability metric that is most significant in the operation
of wind plants is availability, because it is most closely related to
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energy production and revenues. Availability is affected by many
factors, ranging from how often parts fail to how long it may take

to get a crane on-site. It is often expressed as a percentage and is

the amount of time that a system or component is available for use
divided by the total amount of time in the period of operation. Another
way to state this is the “up-time” divided by total operation time. Up-
time can be expressed as the mean time between failures (the period
when a component is operational), while total time is the operational
period combined with the non-operational period when a component
is being repaired or replaced.

Availability = MTBF / [MTBF + MTTR]

Preventative maintenance (PM) can be included in the calculations
above if PM requires component outage. It is also acceptable to add
PM to the MTBF value in the above equation.

It is important to note that availability is defined differently by wind
farm operators. For example, availability is sometimes defined as the
time a turbine is running (producing power) divided by the amount of
time it is capable of producing (when the wind is blowing). In this case,
if maintenance is performed when no fuel (wind) is available, it is not
factored in against the availability.

Another component of reliability is trending. This is the ability to trend
conditions that lead up to component failures. Trending can help
identify when a certain part is nearing failure, which enables operators
to plan for repairs.

Sandia National Laboratories has conducted workshops on the topic
of availability and fosters research and communications among those
in the industry interested in this topic.

Using Available Resources

There are several federal and nonprofit organizations available to help
provide wind turbine operators with needed resources and materials:

1. Wind Powering America (an initiative of DOE’s Office of Energy
Efficiency and Renewable Energy, Wind and Hydropower
Technologies Program): This program is designed to promote
electricity generation by wind through workshops, publications,
and an extensive Web site that provides a repository of wind maps,
information about turbines and how they generate electricity,
videos, Webcasts, and information on state wind working groups.®

2. American Public Power Association (APPA) and National Rural
Electric Cooperative Association (NRECA): APPA and NRECA
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represent the interest of community-owned and cooperative
electric utilities nationwide, respectively. Both promote the
incorporation of wind energy into power supply by offering wind
integration resources through a library of renewable resource
information, including extensive wind generation publications
and conferences. APPA and NRECA have authored case studies,
articles, and white papers and held conferences and workshops
related to wind renewable energy.

. National Wind Coordinating Collaborative (NWCC): This

collaborative of industry, utility, and government stakeholders
supports the development and sustainability of wind energy.
To help promote wind energy, NWCC holds workshops and
conferences, publishes articles and case studies, conducts
research, and provides open dialogue through listserves.

. National Wind Technology Center (NWTC): NWTC is another

main government organization that provides support to turbine
operators. The mission of NWTC is to make wind energy more
competitive with other forms of electricity generation, and

thus more affordable.>* NWTC provides turbine research and
development in the form of modeling, research, application and
testing, design review and analysis, and systems integration.52

. Electric Power Research Institute (EPRI): EPRI provides research

on wind generation and supports wind power by authoring reports,
hosting conferences and workshops, and publishing a quarterly
journal.

. Utility Wind Integration Group (UWIG): Utility groups like UWIG

have been integral in providing support to turbine developers
and operators. UWIG is the first utility organization, established
in 1989; its mission is to “accelerate the development and
application of good engineering and operational practices
supporting the appropriate integration of wind power into

the electric system. This will be accomplished through the
coordinated efforts and actions of its members in collaboration
with wind industry stakeholders, including federal agencies,
trade associations, and industry research organizations.”s® UWIG
members include public power, investor-owned utilities, and rural
electrical cooperatives, as well as other stakeholders. UWIG also
has a Wind Turbine Operations and Maintenance User Group,
which provides a forum for participants to exchange information
on the most relevant issues to wind turbine owner-operators.
The group addresses operating, maintaining, and managing
issues specific to wind plants / turbines and other components
produced by the major manufacturers.>* UWIG provides support

wind turbine
working in safe

represents investor-o
EEI resources for wind
utilities include reports, p
conferences, and workshop

Sharing Experiences and
Information

Public power utilities have a unique bond al
share information and experience with their
peer utilities. NPPD shared its lessons Iearr\
with LADWP by providing information about
the steps it took to implement a maintenance

program. Working together, public power
utilities can come up with
solutions to operating
wind turbines, as we



Is an In-House Maintenance Program
Right for You?

Although there is no quick checklist

to help decide if an in-house wind
maintenance program is a viable option
for your utility, the discussions in this case
study provide a detailed insight as to what
it will take to make this the right decision.
Having your own maintenance program in
place could offer several potential benefits
that make it worth exploring if it is a good
fit for your utility.

Potential Benefits of an In-house 0&M
Program:

¢ More cost-effective (reduced labor and
material costs)

¢ Faster maintenance turnaround time

e Less turbine downtime

e Retains jobs in-house and empowers
your work force

* Reduces unnecessary maintenance

Conclusion

s more and more utilities have to comply with mandated

renewable standards in their electric power supply, they may

face a similar challenge as LADWP of exploring and deciding
on an optimal wind operation and maintenance program. LADWP
initiated the Pine Tree Wind Project, a 120-MW wind power project, in
response to the Los Angeles Board of Water and Power Commissioners’
challenge of producing 20 percent of the city’s electricity from
renewable resources by 2010. While LADWP decided to use a warranty
from GE only on the parts and set up its own maintenance program
because of the utility’s strong union affiliation, an increasing number
of utilities are similarly exploring the option of establishing internal
maintenance programs because of costs and other factors.

Both EnXco and NPPD agreed that safety and training are the most
important components of any maintenance program. Each repair
should be completed according to Occupational Safety and Health
Administration safety guidelines by certified trained technicians. EnXco
suggests performing O&M in accordance with the manufacturer’s
recommended schedule. This schedule will ensure that the turbine is
operational and functioning at full capacity. This, along with a condition
monitoring system, will help minimize the amount of unscheduled
maintenance.

Several manufacturers have developed turbines with easy and cost-
effective maintenance in mind. Features like larger nacelle space,
which gives technicians more room to operate inside each tower;
service lifts to help reduce repair time and enhance safety of the
technicians; and improved turbine materials have decreased the costs
for maintenance leading to higher operating profits. However, because
of the evolving nature of the industry, allocating a budget for an
operation and maintenance program remains a challenge.

Along with technology advances, sharing of information and
experiences among public power utilities is a valuable part of the
learning process and serves as excellent guidance on do’s and don’ts
of the trade. Finally, there is a wealth of resources and help available
from government organizations like Wind Powering America and utility
interest groups that are dedicated to promoting implementation of
wind power.
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