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RENEWABLE ENERGY IN THE NATIONAL PARK SERVICE

INTRODUCTION

The National Park Service is the steward of some of the world's finest
natural and cultural resources and is regarded by many .people as the
premier resource conservation agency in the United States if not the

world. The mission of the National Park Semce is clearly defined in the
organic act of 1916.

to conserve the scenery and the natural and historic objects and
the ‘wildlife therein, and to provide for the enjoyment of the
same in such a manner and by such means as will leave them
unimpaired for the enjoyment of future generations.

. This strong mandate and policy direction has always emphasized
protecting and conserving this country’s cultural and natural resources
while providing the visiting public with opportunities to learn about
these resources. When the National Park Service celebrated its 75th
anniversary in 1991, it charted a course for how it would accomplish
its mission into the next century. The resulting vision document titled
National Parks for the 21st Century: The Vail Agenda, provides strategic
objectives and directions for the future management of the National
Park Service. Incorporating sustainability and sustainable design was
recommended in The Vail Agenda as one method of meeting challenges
that currently face ‘the National Park Service.

The Park Service defines sustainable design as a design that meets the
needs of the present without compromising the ability of future
generations to meet their own needs. Many people feel this definition
bears a striking resemblance to the organic act — the founding
legislation for the National Park Service.

Sustainability and sustainable design also have received commitment
from the administration as evidenced by the establishment of the
President’s Council on Sustainable Development, the signing of the
Climate Change Action Plan, the implementation of Executive Order
12902 ("Energy Efficiency and Water Conservation at Federal
Facilities"), and the establishment of Technology for a Sustainable
Future. : . '
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An important part of the recently approved NPS Strategic Plan is to
achieve sustainability in all national park operations and development.
In October 1992 the National Park Service released Guiding Principles
of Sustainable Design to provide a framework for achieving
sustainability in all activities.

One of the main components of sustainable design is energy
management. The use of renewable energy sources, such as
photovoltaics (PV), is a key strategy for energy management. In fall
1992 the Denver Service Center of the National Park Service contacted
the Photovoltaic Design Assistance Center (PVDAC) at Sandia National
Laboratories in Albuquerque, New Mexico, to provide technical training
to interested NPS professionals. As a result of this initial session, a
partnership was developed to promote energy conservation and increase
the use of renewable energy at NPS facilities. An equally important
objective was to provide educational opportunities to park visitors in
the specific areas of energy conservation, renewable energy, and
sustainability in general. In fall 1993 a partnership agreement was
funded by the Photovoltaic Design Assistance Center to survey all
national park system units to '

¢ locate existing PV systems and determine their function
e assess the satisfaction with existing PV systems
¢ identify potential future PV projects

¢ identify barriers to the use of PV power and propose solutions J

METHODOLOGY .

In February 1994 NPS Deputy Director John Reynolds transmitted to
each national park system field unit a survey questionnaire concerning
existing PV use and other sustainable practices, the potential for future
PV use, and barriers to that potential use. A sample survey -
questionnaire is included as appendix A. There are 368 field units,
which include national parks, national monuments, national historic
sites, national seashores, national recreation areas, etc. These field units
will hereafter be referred to in aggregate as parks. However, a
particular management unit might manage multiple field units. It is
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estimated that for the 368 field units surveyed, 278 management units
exist; 201 management units responded to the survey.

Information from the surveys was used to create a database and forms
the foundation for this report. Information in the database concerning
existing PV systems will be integrated into the National Park Service's
Inventory and Condition Assessment Program (ICAP) once that program
. is deployed servicewide. The Denver Service Center will continue to
update and maintain the listing for future PV projects.

Follow-up phase II surveys were sent to those parks that identified
potential PV projects of a larger scale. The purpose of the phase Il
surveys was to roughly determine the size of potential PV projects so
that a cost estimate for programming could be prepared by the Denver
Service Center. The goal of this data collection and cost estimating
effort is to formulate a five-year program to expand the use of. .
renewable energy in the parks. Under this new program called "Renew
the Parks," park personnel will be trained on renewable energy and the
creation of partnerships will be encouraged. ’

EXISTING PHOTOVOLTAIC USE IN THE NATIONAL PARK SERVICE

According to the survey there are at least 455 existing PV systems in
use today. Based on subsequent visits to parks, there is a likelihood
that not. all small PV systems were accurately included in the survey
responses. It is estimated that more than 600 PV systems are currently
in use in the Park Service. Appendix B contains a listing of all the
reported PV systems currently in use.

The use of PV systems by the National Park Service is oceurring over a Typical use of PhOtOVOltaiCkeﬂergy to P(;{Wer a
broad geographical area and in rhany climatic conditions. Historically, P YRpARIE o Savi DRy viee S
communications, Great Smoky Mountains

PV energy was first used in communication systems at remote locations, National Park
such as radio repeater sites on mountaintops. Later PV energy was

found to be effective in supplying power for resource monitoring

equipment. Most recently PV systems have been used to meet larger

power needs such as water pumping, remote facility power, and

indoor/outdoor lighting. Using PV energy for ventilation at
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campground restrooms, composting toilets, and vault toilets also is a
significant use.

One exception to this historical progression is the PV system at Natural

- Bridges National Monument. At the time of installation by the National
Park Service and the Department of Energy in 1980, this 100kW -
system was the largest stand-alone system in the United States. This
system provided reliable operation, meeting the electrical loads of the
visitor center and ranger residences until 1989 when the useful life of
the batteries ended. In 1992 the batteries were replaced, and the
system returned to service as a PV hybrid, providing a clean -and
noiseless source of power that is compatible with the sustainable
operation of the park.

Resource
Monitoring
31% Communications

27%

Other

10% Water Pumping,

"~ Remote Facility Power,
8 Lighting
— 25%

Ventilation
7%

Figure 1: Distribution of Existing PV Uses in the National Park Service



Evaluation of Existing Photovoltaic Systems

The majority (61%) of the existing PV systems are used on a
year-round basis; 34% are used seasonally, and the remaining systems
(5%) have intermittent applications or have been abandoned. The ages
of existing PV systems are listed below.

23% less than two years

28% two to less than five years

34% five to less than 10 years

15% 10 years' or more
A majority of the power demands are less than 1 kilowatt (kW).

Remote monitoring is a very powerful tool in natural resource
protection and management. Seismic, water level, water flow, snow

~ depth, atmospheric conditions, and wildlife observations are some of
the applications where PV energy is used.

Using PV power to pump water is an especially attractive option at NPS
facilities. Photographs on the fo]lowmg pages depict some of these PV
apphcatlons

EVALUATION OF EXISTING PHOTOVOLTAIC SYSTEMS

As part of the survey, parks with existing PV systems were asked to
evaluate each component of the PV system and the system as a whole
(see appendix A).

Responses indicated that 97% of the existing PV systems met their use
objectives. Problems associated with the remaining systems (3%)
included v

e operating errors (turning system off in winter)
e poor design (insufficient charging capacity and/or battery storage)

e component-failure

photovoltaic panels stolen and/or vandalized

. 97% of the existing PV
systems met their use objectives. -
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Only two cases of vandalism were reported; however, five cases of theft
were reported. Theft of PV panels is a growing problem, especially at
r remote locations. As the monetary value of PV panels becomes
increasingly known, theft is expected to increase unless mitigating
measures are implemented. Measures may include carefully selecting
locations at unsupervised sites and using vandal-resistant connectors
and fasteners.

In addition to the 3% of PV systems that failed to meet their use
objective(s), respondents indicated that another 3% of the PV systems
evaluated performed poorly in one or more component areas. Even
though these PV systems experienced component problems, the parks
surveyed felt the use objectives for these shghtly flawed systems were
being met.

Component problems identified by the parks included battery problems
(19 systems), PV panel problems (10 systems), and controller problems
(eight systems).

There was no correlation between the age of the troubled systems and
problems they were experiencing. It was originally thought that older
systems would exhibit more problems; however, most of the problem
systems were evenly distributed between the two- to four-year category
and the five- to nine-year category. It should be noted that only three
systems less than two years old were reported to have any problems.

Survey results concerning estimated annual operations and
maintenance (O&M) costs for PV systems were broken into three
categories: less than expected or no O&M costs (39%), expected O&M
costs (60%), and greater than expected O&M costs (1%).

At Everglades National Park, a 10-watt PV
panel is used to power remote hydrologic

monitoring equipment. The monitoring BARRIERS
equipment shown measures water depth on

an hourly basis and downloads the dail ’ ’ :
recohd toya central NPS research facility)‘l Of the 201 PV survey responses received, 151 identified at least one

barrier for using a PV system. Most respondents identified multiple
barriers. Parks without existing PV systems had more concerns (38%)
than those parks with existing PV systems.



Barriers

The perceived barriers to the use of photovoltaic power are shown in

figure 2. .

e ip i Initial Cost
22%

Lack of Familiarity |
with PV by Designersf
9% l

A
Y ,‘
'!4 Lack of Familiarity with PV
/by Operating Personnel
14%

-

Conlflicts with
Historical Resource
Context
11%

: Uncertainty with
Vis(t;a] Quaiiey Performance Record
oncerns
12% of PV Systems
13%

Figure 2: Barriers to the Use of Photovoltaic Power

Initial Cost

According to the survey, the initial cost of PV systems was the biggest
concern. To overcome .this barrier, the National Park Service will have
to form partnerships with other agencies and groups. Potential partners
include the Department of Energy, Sandia National Laboratories, the
National Renewable Energy Laboratory, the Environmental Protection
Agency, environmental groups, and the PV industry. The Department of
Energy’s Federal Energy Management Program has been established to
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On the remote north rim of the Black
Canyon of the Gunnison, photovoltaics is the
primary power source for a combination
visitor contact station and ranger residence.
Note how the PV system has-been integrated
into the site to enhance visual quality.

fund viable energy and water conservation projects as well as renewable
energy projects undertdken by federal agencies. The National Park
Service brings to any potential partnership 75 years of environmental
education experience and the opportunity to promote energy innovation
and education to the 270 million visitors that come to the parks each
year.

To reflect all the impacts (including costs) of using fossil fuels to
generate electricity, and in support-of the Climate Change Action Plan,
the Park Service is interested in improving air quality by eliminating
emissions associated with the burning of fossil fuels. The following
emission costs are used as part of life-cycle costlng for every NPS
development demsmn

e carbon dioxide (CO2 S8/ ton
e sulfur dioxide (SO2) $0.75 / pound
e nitrous oxide (NOx) $3.40/ pound

For complete information on quantifying environmental emissions and
applying the cost factors see appendix D. ’

Lack of Familiarity with PV by Operating Personnel and
Uncertainty with the Performance Record of PV Systems

These two barrier items are similar in many respects. Common
methods in achieving technology transfer can be applied here. Technical
presentations at national, regional, and park conferences and meetings
are an effective way to introduce PV technology in a general format.
Sandia’s Photovoltaic Design Assistance Center and the National
Renewable Energy Laboratory can provide excellent overview
presentations. These overview presentations need to feature park areas
that are currently using PV energy. Personnel from the following areas
have had good operating experiences with larger PV applications
(remote facility power and water pumping) and are important in
communicating the performance record of PV systems to their NPS
colleagues.



. Barriers

Channel Islands Natural Bridges Rocky Mountain

Sleeping Bear Dunes Glen Canyon - Great Basin

Death Valley Capitol Reef Yosemite

Black Canyon of the Crater Lake

Gunnison

Wrangell-St.Elias

1

Technical training is required to provide a fundamental technical
foundation for design and O&M personnel. This formal training can be
provided by a number of outside sources. Photovoltaic site assessments
provide site-specific recommendations concerning system feasibility.
Communications between NPS users and O&M personnel regarding PV
power is also promoted in photovoltaic site assessments. Sandia’s
Photovoltaic Design Assistance Center has provided outstanding service
in this area. ) ‘ :

One final barrier that must be overcome in this category is the associa-
tion of PV performance with the performance of early solar thermal for
hot water heating. In the late 1970s and early 1980s the National Park
Service undertook an initiative to expand the use of solar thermal for
domestic hot water heating. This initiative was very similar to the
current renewable energy initiative with hopefully one exception —
results. Many of the solar hot water systems installed during this time
are no longer functional and have been removed or disconnected and
left on rooftops as a testament to an unsuccessful solar thermal

program.

It is paramount that PV systems deliver the results promised on a
sustained basis. Some field personnel are very skeptical of renewable,
energy based on this past experience with solar thermal.

Photovoltaic power is used on a large scale
at Channel Islands National Park to provide
electricity at several sites. On Santa Barbara
Island, a 5 kW system provides power to a
new building that contains a visitor contact
station, maintenance shop, and residence.

This PV powered water pumping system at
Sleeping Bear Dunes National Lakeshore
provides several hundred gallons per day
at system pressures of 2040 psi. Because
this is a pressure tank system, batteries

are required to provide 24-hour water
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- Visual Quality Concerns and Conflicts with Historic Resources

These two barriers are significant because they impact the basic

management objectives of the National Park Service — "to leave them
[cultural and natural resources] unimpaired for the enjoyment of future
generations."

To overcome these barriers, several action plans are offered. Small PV
systems associated with smaller electrical loads will have very little
impact on visual quality. The installation of large PV systems in
developed areas will have a visible impact. This impact needs to be
viewed as an opportunity to interpret the use of renewable energy and
the positive impacts this use has on the global environment. The
National Park Service has a mandate as well as a tremendous
opportunity to educate the 270 million visitors that enter the parks
each year on the use of sustainable technologies such as renewable

e e S energy.
o~ 9 T . g
S " For large PV systems in the more sensitive developed areas, the Park
" Service has the capability, at the Denver Service Center, to use
This water pumping system at Capitol Reef computer visual simulation to show how the developed area would look
National Park meets the peak season :
demand of 20,000 gallons per day at a tafter the propo§ed PV'syster.n has .been'cgr'lstructec.l. ’I‘hg process
total dynamic head of 35 feet. This system involved to achieve this depiction is to initially design (size) the PV
uses gravity water storage tanks, which system, obtain a real-time photograph of the developed area from a
eliminates the need for electrical battery critical viewpoint, and superimpose, to scale, the PV system on the site
Stfgggg'sgg‘; lf)};f_tﬁglw's lﬁlr;tll;li?‘lr etfil):lti?ggda?y photograph. This technique enables siting modifications to be enacted
facilities.' which havepsignificagntly ricduioed and provides park management with a clear perspective of what the
the total volume of pumped water. completed facility would look like.

Not all PV systems need to be constructed on or near existing facilities;
however, there are certain technical advantages in having the PV
systems near the power use point. Photovoltaic systems can be located
away from critical areas to reduce visual impacts and/or take
advantage of increased exposure to the sun. Depending on the voltage
used, the balance of system (BOS) components such as batteries,
charge controllers, inverters, etc., may also have to be remotely located.
Large PV systems may also be split into several smaller systems to
mitigate visual quality concerns.
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