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Abstract

This report documents the findings related to a review of power sources for six off-grid Road
Weather Information Systems (RWIS) in Alaska. Various power sources were reviewed as a
means of reliably operating the off-grid RWIS sites throughout the year. Based on information
collected on current power sources and equipment used at the off-grid RWIS sites, and visits to
off-grid installations in Alaska, some viable methods of reliable operation were discovered.
Power sources included in the study were solar photovoltaics (PV), small wind turbines, fuel
cells, and thermoelectric generators, all charging a battery bank which powers the weather
sensors, cameras, and communication equipment. The results showed that while solar PV
provides enough standalone power to keep the sites operational from early spring to late fall with
wind supplementing this somewhat during the transition seasons, a fossil fuel based source is
necessary to maintain operation through the winter. These findings suggest that a combination of
power sources is required for reliable RWIS operation throughout the year and is dependent on

the location of the site.
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Summary of Findings

The ultimate question that this project seeks to answer is, “Are power sources available to
reliably operate off-grid Road Weather Information Systems (RWIS) through the winter in
Alaska?” The results of this project show that a combination of generation sources charging
deep-cycle lead-acid batteries is required to keep the RWIS sites operational through the winter
season. These sources include combinations of solar photovoltaics (PV), small wind generators,
and fuel cells or thermoelectric generators, depending on the solar and wind resources available

at the site and the demand of the camera, weather sensors, and communications equipment.

The current propane generators used at the sites have reliability issues, either coming online
and never shutting off until the propane tank runs dry or never coming online resulting in an
inoperable system once the propane generator and/or solar PV are not able to keep the system
charged. Alternative fossil-based power sources such as fuel cells and thermoelectric generators
which use propane or natural gas and have no moving parts investigated as part of this study are
still under evaluation for a number of small remote power applications such as the Coast Guard,

FAA, and even DOT off-grid meteorological sites.

The findings also suggest that upgrading weather sensors, cameras, and communication
equipment such as single or multi-view cameras to maintain operation in inclement weather
conditions is critical to receiving accurate data and does not increase the power demand on the
system. However, heaters on cameras to maintain a clear lens normally double or triple the
power usage and must be left on when the occurrence of condensation (moisture) on the lens
results. One critical component that affects demand is the operating scenario used at the site.
Simply decreasing the frequency of the camera image and turning the camera and heater off at
night can increase the energy storage potential and allow for operation on solar PV for a larger

portion of the year.

Overall, the project findings suggest that a combination of power sources is required for
reliable RWIS operation throughout the year (in particular, the winter season) and the selection
and capacity of renewable power sources is dependent on the location of the site. This research
study finds that a combination of the existing solar PV array and either an EFOY 1600 fuel cell
or Global 5060 Thermoelectric Generator (TEG) would serve to power the off grid RWIS sites.

However, the long term reliability of the fuel cell and TEG units remains to be seen.
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CHAPTER 1 - INTRODUCTION AND RESEARCH APPROACH

Problem Statement and Research Objective

Alaska Department of Transportation and Public Facilities (AKDOT&PF) has a specific
research need for evaluating the power sources for six off-grid Road Weather Information
Systems (RWIS) in Alaska. RWIS require reliable remote electric power sources to operate
video cameras, heating elements to prevent lens icing and fogging, and on-board electronics for
weather data acquisition and transmission to a central server for display on the web. While the
required power levels are not large, generally less than 500 W, in terms of a grid connected
system, they are significant for small remote off-grid power sources. There are also issues with
sudden increases in power consumption when the camera is operated or when data is being
polled by the central server. The research objective of this project was to explore current power
generation sources, weather sensors, cameras, and communication equipment for off-grid RWIS
sites and to make recommendations for replacement of those power sources with reliable

generation that will power the stations throughout the year.

Scope of Study

This research project surveyed the existing off-grid RWIS power sources and explored the
use of state-of-the-art power generation sources, weather sensors, cameras, and communication
equipment for these sites. The UAF team, lead by Professor Richard Wies, addressed both
methods of reliable remote power generation and power utilization for six off-grid RWIS sites in

Alaska.

For each site the researchers reviewed and made recommendations for improvement of four

specific components of the RWIS system.
These four components included:
1) the replacement of internal combustion (IC) generators,

2) the use of current state-of-the-art alternative power sources such as wind, solar, fuel cells,

thermoelectric generators, and batteries,

3) the use of cameras, weather sensors, and communication equipment with lower power
consumption ratings and better cold weather reliability including video cameras and on-

board electronics for data acquisition and transmission, and



4) operating scenarios that could allow for more efficient and optimal use of the available
power. (Ex: In a situation with solar charging the batteries during the day, does the video
camera, which takes a considerable amount of the available power, need to operate

continuously or at night when no solar is available to charge the batteries?)

Expected outcomes from this project were: (1) a review of state-of-the-art remote power
sources, cameras, weather sensors, communication equipment, and operating scenarios for off-
grid RWIS systems, (2) recommendations for more efficient IC generators, alternative power
sources, and operating scenarios for possible improvement of off-grid RWIS sites, (3) a planned
implementation to develop and test a prototype off-grid RWIS system for a specific site in Phase
II based on recommendations in Phase I, (4) improved roadway safety with reliable and up-to-

date RWIS sites, and (5) reduced maintenance costs at off-grid RWIS sites.

Research Approach

The UAF team, lead by Professor Richard Wies, reviewed the current off-grid RWIS systems
installed in Alaska from both the power generation and power utilization sides and make
recommendations for system improvements. One off-grid RWIS site that is currently not
operational and two sites that are currently operational were visited and evaluated in the study.
The non-operational site was Turnagain Pass (MP 63 on Seward Highway). The operational sites
were Jean Lake Hill (MP 62.3 on the Sterling Highway) and Little Coal Creek (MP 163.2 on the
Parks Highway).

The following research and evaluation plan was executed in this project.

1) A literature review of current and previous power sources and available weather sensors,

cameras, and communication equipment for RWIS systems was performed.

2) The current power sources, weather sensors, cameras, communication equipment, and

operating scenarios with site visits were reviewed.

3) Suitable capacity fossil-fuel based generators and alternative power sources were

recommended based on the needs, climate, and available energy resources.

4) Possible improvements to weather sensors, cameras, and communication equipment were

recommended to reduce power consumption.



5) Possible operating scenarios were recommended that could allow for more efficient and

optimal use of the available power.

This final report will be issued to AKDOT&PF containing the results of our literature and
on-site reviews and our recommendations for strategies to design, construct and deploy updated
RWIS systems at the off-grid sites. Implementation of the recommendations in this report would

be to implement the strategies at each off-grid RWIS site.

Power Source, Cameras, Weather Sensors, and Communication Equipment

Evaluation Method

The power sources, cameras, weather sensors, and communication equipment at the current
RWIS sites were evaluated using a combination of site visits to observe and collect data and
from information provided by AKDOT&PF personnel, Jack Stickel and Lisa Idell-Sassi, in
Juneau. Specific power data from each site was not collected, but estimated based on
manufacturer’s specifications for power usage from the cameras, weather sensors, and
communication equipment. The amount of power available from the renewable sources such as
solar and wind was estimated using solar insolation maps and archived wind data from each
RWIS site. An energy budget was then developed to estimate the amount of power that would be
required from wind and fossil fuel based sources such as propane-fired generators, fuel cells, or
thermoelectric generators to operate through the winter months. Based on this evaluation method
recommendations (see Chapter 3) were provided for implementing power sources at off-grid
RWIS sites in Alaska. This first required an assessment of the current and potential new power
sources, cameras, weather sensors, and communication equipment used at the off-grid RWIS

sites (see Chapter 2).



CHAPTER 2 - FINDINGS

Current Power Sources, Cameras, Weather Sensors, and Communication
Equipment at Off-Grid RWIS Sites

The following sections document the current power sources, cameras, weather sensors, and

communication equipment at the six off-grid RWIS sites listed in Table I below.

Table I: Off-Grid RWIS Sites

Site Operation

Parks Hwy @ Little Coal Creek MP 163.2 Converted to DC system with PV onl
Klondike Hwy @ US/Canada Border MP 14.9 In-Situ test of fuel cell underwa

Sterling Hwy @ Jean Lake Hill MP 61.8 Converted to DC system with PV only

Seward Hwy @ Turnagain Pass MP 69.9 Not operational
Seward Hwy @ Divide MP 11.7 Not operational

Richardson Hwy @ Stuart Creek MP 45.6 Converted to DC system with PV only

Current Power Sources

The current power sources are listed in Table II with representative pictures from Turnagain

Pass shown in Figure 1 and specification sheets in Appendix A.

Table II: Power Sources and Converters at Off-Grid RWIS Sites

Power Source Sites Operational
6-Kyocera 120 W solar photovoltaic (PV) panels All sites YES

4-Rolls 12V, 275 A-hr deep cycle marine batteries Jean Lake, Turnagain Pass YES

4-Trojan 12 V, 230 A-hr deep cycle marine batteries | Coal Creek YES

2-Xantrex solar PV charge/load controllers All sites NO

Outback Flexmax 80 Charge Controller Jean Lake, Little Coal Creek = YES

Outback VFX2812 (2.8 kW, 12V) inverter Jean Lake, Little Coal Creek NO; DC System
Acumentrics RP500 500 W Fuel Cell DC Generator Klondike In-situ test

() (b) (©)

Figure 1: RWIS Site and Power Sources at Turnagain Pass Off-Grid RWIS Site [1]: a)
overall site b) propane electric generator, and c¢) 6 Kyocera 120 solar PV panels [2].



The propane-fired electric generators (mainly the controllers) have been unreliable, either

never coming on to supplement battery charging or running continuously until empty.

Current Cameras, Weather Sensors, and Communication Equipment
The cameras, weather sensors, and communication equipment, and their location and power

demand are listed in Table III with representative pictures from Jean Lake shown in Figure 2 and

specification sheets in Appendix B.

Table III: Current Cameras, Weather Sensors, and Communication Equipment

Cameras, Weather Power Demand
Sensors, and

Jean Lake, Little Coal 13 W; 27 W (w/ heater)
Creek, Stuart Creek

Cohu iDome 3920, pan-tilt-zoom Turnagain Pass, Divide IZ:‘?I_;N 3 UL LU
Axis P1343 Klondike 6.4 W; 12.8 W (w/ heater
Jean Lake, Turnagain
RM Young 05103L Wind Monitor Pass, Little Coal Creek,
Stuart Creek, Divide
RM Young 58000 Ultrasonic Wind Monitor Klondike
Jean Lake, Turnagain
Pass, Little Coal Creek,
Klondike, Stuart Creek,
Divide
) Turnagain Pass, Klondike,
Quixote FP 2000 Pavement Temp Sensor Stuart Creek
SSI Thermoscan 1000 Pavement Temp Jean Lake, Little Coal
Sensor Creek, Divide
Jean Lake, Turnagain
Pass, Little Coal Creek,
Klondike, Stuart Creek,
Divide
Jean Lake, Turnagain
SSI Hawk Eye Optical Infrared Y/N Pass, Little Coal Creek,
Precipitation Sensor Klondike, Stuart Creek,
Divide
Turnagain Pass, Little Coal 0.60 W
Creek, Stuart Creek, Divide
Nova Lynx 260-2500 Rain Gauge Little Coal Creek, Klondike 3 W
Nova Lynx 260-2500E Heated Rain Gauge Stuart Creek 3 W; 400 W (w/ heater
Communications interface and Ku-band Jean Lake, Turnagain 25W
transmitter Pass, Stuart Creek, Divide

Cohu ER-8546 Color Camera

Adolf Theis Hygro-Thermo Transmitter

MRC Temperature Data Probe TP101

Judd Ultrasonic Snow Depth Sensor

Transmit/Receive
Airlink Raven 4221 3G Cellular Modem Little Coal Creek, Klondike ' (Typical/Max) 2.87/3.21 W;
Idle 1.25 W; Dormant 1.02 W
'Ku-band transmitters (11-18 GHz) are capable of transmitting large amounts of data at high speeds via satellite
links with fairly low power requirements. Ku stands for K-under, or under the K band (20-40 GHz).




(a) (b) (©

Figure 2: RWIS Site and Power Sources at Jean Lake Off-Grid RWIS Site: a)
meteorological tower b) satellite dish, ¢) communications antenna (Jean Lake).

State-of-the-Art Power Sources, Weather Sensors, Cameras, and Communication
Equipment for Off-Grid RWIS Sites

The following sections document state-of-the-art RWIS power sources, weather sensors,
cameras, and communication equipment.
State-of-the-Art Power Sources

State-of-the-art power sources such as thin film solar PV, small-scale harsh weather resistant
wind turbines, fuel cells, and thermoelectric generators were evaluated for possible use as RWIS
power sources. The power sources reviewed in this study, their power capacity, capital cost, and

fuel use rates are listed in Table IV.

Table IV: State-of-the-Art Power Sources, Power Capacity, Cost, and Fuel Rates

Power Source Power Capital Cost  Fuel Use Rate
Capacity (W) (%) (gal/kwh)

Stion STN130 Thin Film CIGS
Solar PV Panels 130 W NA

APRS World WT-10 Wind Turbine 75W @ 40 mph & $4.000 NA

(24V with rectifier) 12 VDC

Acumentrics RP500 Fuel Cell 500 W @ 12 VDC $28,531 0.12

Efoy Pro 800 Fuel Cell 45W @ 12 VDC $21,500

Global 5060 Thermoelectric
Generator

54W @ 12 VDC $6,500




Thin Film Solar PV
Thin film Copper, Indium, Gallium, Selenide (CIGS) solar PV modules offer the improved

performance in capturing the available solar energy due to a higher efficiency (15-18%) than
standard polycrystalline or amorphous silicon based modules (10-14%). The current Kyocera PV
modules used at the site are multi-crystalline and offer an upper bound efficiency of 14 %. The
small efficiency improvement with thin-film CIGS panels does not offer enough additional
power suggesting replacement of the current PV modules at the point of failure. A new
cylindrical thin film CIGS technology allows snow and dirt to fall through and receives more
reflected light than conventional flat panel PV (See Figure 3). These cylindrical thin film CIGS
modules or even the flat panel version are suggested as power sources for the development of

any new off-grid RWIS sites or as a point of failure replacement at an existing site.

(a) (b)
Figure 3: Thin Film CIGS PV Modules: a) Cylindrical and b) Flat Panel [3].

Harsh Weather Wind Turbines
A small harsh weather wind turbine, APRS World WT-10, shown in Figure 4 could be

installed at the sites with good wind potential. The turbine is similar to the one used by the FAA
on their remote meteorological modules designed for Alaska applications.

The output of this turbine is three-phase AC, so a rectifier would be needed to convert the
AC output to DC as well as a regulator for the output voltage and current to the batteries. The
turbine can be configured by the manufacturer to charge a 24 V or 48 VDC system through an
appropriate rectifier, but the 24 VDC version can also be used to charge a 12 VDC system with a

lower regulated DC output voltage.



(@) (b) (©)

Figure 4: APRS World WT-10 Wind Turbine [4]: a) on FAA module b) brochure view, ¢) a
successful remote mountain top application.

The cost of the basic turbine ranges from $3,000 to $3,500 depending on the blade, yaw, and

mast connection types. A detailed price list for the turbines and accessories is available at

http://www.aprsworld.com/wtaprs/WT10/pricing/. Quick coupler mounts range from $300-$500.
Cabling ($100-$150) for power output to the module and an associated mast for mounting the
turbine would also have to be installed given that the current anemometer is already mounted on

top of the meteorological sensor mast.

Fuel Cells and Thermoelectric Generators
A small fuel cell or thermoelectric generator which is fueled by propane could be added to

keep the system operational when both solar PV and wind do not produce enough energy to
maintain the battery charge. Although fuel cells offer a non-mechanical low power fossil fuel
source, there have been challenges with fuel cells shutting off and freezing up. Fuel cells have to
be heated in order to remain operational and also the ceramic cells are more sensitive to shock
from transportation.

Figure 5 shows two fuel cells and a thermoelectric generator that are currently being tested as
power sources on remote meteorological platforms. While the Acumentrics RP500 fuel cell
(Figure 5a) is a 500 W maximum capacity, the EFOY 1600 fuel cell (Figure 5b) and Global
ThermoElectric Model 5060 thermoelectric generator (Figure 5c) are 65 W and 54 W capacity,
respectively.

The Acumentrics RP500 fuel cell is fueled by propane or natural gas. It is currently being
tested at the Klondike Highway RWIS site on the US/Canada border after a failure in December


http://www.aprsworld.com/wtaprs/WT10/pricing/

2012 due to a fractured ceramic cell during shipment. The current problem with the site is a fuel
relay problem which should be resolved this summer. The cost of the RP500 is $28,531 as
provided by the current maintenance contractor for the off-grid RWIS sites.

The EFOY 1600 is fueled by methanol. It was deployed a season and half ago at Fourth of
July Pass in Idaho and has been operational ever since. It is also used in a variety of remote
applications in Alaska and Northern Canada, such as remote oil platforms and communication
sites. The EFOY pro series fuel cells are rated to -40 °C with heat regulation in a special
insulated enclosure provided by the manufacturer. The first generation EFOY pro series (600,
1600, 2200) was replaced in June 2013 by a second generation EFOY pro series (800 & 2400).
The EFOY 800 Pro offers a maximum power output of 45 W and would be suitable for the off-
grid RWIS application. The cost of the EFOY 800 Pro fuel cell with a cold climate enclosure
ranges from $15,600 to $21,000 and depends on the amount of fuel required to achieve the

desired autonomy in terms of refueling.

(a) (b)
(©

Figure 5: Fuel Cells: a) Acumentrics RP500 [5] and b) EFOY 1600 [6, 7]; and
Thermoelectric Generator: (c) Global Thermo Electric Generator [8].

The Global ThermoElectric Model 5060 thermoelectric generator is fueled by propane. It is
currently being deployed by the FAA on their remote meteorological platforms (discussed in the
next section) in Alaska to provide a small ~50W of power to keep the batteries charged during
the winter season when sunlight for PV arrays is minimal and wind speeds are low. The cost of

the thermoelectric generator is $5,850.00 with an additional $662.00 for a pole mount stand.

FAA Off-Grid Meteorological Module
The FAA has designed a complete off-grid power module (see Figure 6) for monitoring flight

weather (mainly via web-based cameras) employing a 54-W thermoelectric generator fueled by



propane (Figure 5c¢), a 500-W thin film tube CIGS solar PV array (Figure 6a), and a 400-W
APRS World military-grade wind-turbine generator (Figure 6¢) for power sources to charge 8-
Odyssey 12 V, 200 A-hr AGM batteries. Although ten times overpowered for the application and
using relatively expensive components these modules offer the reliability of operating
throughout the winter season and in harsh climates. These are being deployed at a number of

remote airport sites in Alaska.

(@) (b) (©)

Figure 6: FAA Remote Power Module: (a) thin-film solar PV tube array, (b) control
cabinet and satellite dish, and (c) wind turbine and weather sensors.

State-of-the-Art Cameras, Weather Sensors, and Communication Equipment
State-of-the-art low power cameras, weather sensors, and communications equipment were

evaluated for possible use at RWIS sites. These include Power over Ethernet (POE) Mobotix
cameras, all-in-one weather sensors, Ku-band transmitters, and 3G cellular communications
equipment. The power demand of cameras, weather sensors, and communication equipment
similar to that used on the FAA module is shown in Table V.

Table V: Power Demand of State-of-the Art Cameras, Weather Sensors, and
Communication Equipment

Cameras, Weather Sensors, and Power Demand

Communication Equipment
4-Mobotix M24 Power over Ethernet (POE) cameras 3 W; 6 W (w/ heater) each

Vaisala WXT520 Multi Weather Sensor 2-6 W
Ku-Band Transmitter with 1.2 m dish 20 W

Transmit/Receive (Typical/Max) 2.87/3.21 W;

Raven X Airlink 3G Modem Idle 1.25 W: Dormant 1.02 W

This state-of-the-art cameras, weather sensors, and communication equipment including
Mobotix POE cameras and the Raven X Airlink 3G Modem could offer the low power

consumption required for off-grid RWIS sites to operate with lower demand on the power
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sources than in the current configuration. This could result in operation with non-fossil fuel

based sources such as solar PV and wind for longer periods over the year.

Mobotix M24 Cameras
The Cohu ER-8546 color and Cohu iDome 3920, pan-tilt-zoom (PTZ) cameras used at the

sites could be replaced with two Mobotix M24 POE cameras (see Figure 7) that have been
equipped with heaters for winter operation. This significantly reduces the power demand from

the cameras.

(@) (b)

Figure 7: Cameras for Off-grid RWIS Sites: a) Cohu iDome 3920, pan-tilt-zoom [9], b)
Mobotix M24 [10].

The basic version of the M24 camera would also require some special modifications for
Alaska applications per its use on the FAA remote weather modules. A heated lens cover would
need to be added and the entire camera coated (minus the glass lens cover) for protection against
the elements. This work is currently performed for the FAA by TecPro in Anchorage. A higher

resolution version of the camera is also available if needed.

The cost of the basic M24 camera is about $900 with a lens costing about $100, and
additional modifications mentioned above for Alaska applications of about $1800, resulting in a
total cost of $2800 per camera. A price list for the basic camera and accessories can be found at

http://www.mobotix.com/eng_US/Products/Cameras/Allround-M24.

Airlink Raven X V4221 3G Modem
The Airlink Raven X V4221 3G modem (see Figure 8) offers cellular communications with

the RWIS sites with a much lower power demand, decreasing power consumption during
transmit and receive from 20 - 30 W to 2.87 (typical) - 3.24 W (peak) at 12 VDC, with idle
power at 1.25 W.

11
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These devices are a previous generation that have been discontinued, but have been

purchased awaiting installation at the off-grid RWIS sites. The original cost was about $600.

A power generation and demand analysis for off-grid RWIS sites is illustrated in the next

section.

() (b)

Figure 8: Airlink Raven X V4221 3G Cellular Modems for RWIS sites [11]: a) front view
and b) rear view.

Power Generation and Demand Analysis

The following sections contain analysis of the estimated power generation and demand for all
six off-grid RWIS sites. All generation is used to charge the batteries in the power modules,
while the batteries are used to meet the demand on the system. Any solar PV and wind
generation in excess of demand is assumed to be stored in the battery bank if not fully charged.
Any demand in excess of generation, including stored energy in the batteries is assumed to be
picked up by fossil fuel based sources using fuel cells or thermoelectric generators. A sample
analysis for the Turnagain Pass site is provided at the end of this section to describe the process.
Power Generation Analysis

The estimated power generation capacity from solar PV and wind was conducted for each
off-grid RWIS site using solar and wind data available from both AKDOT&PF archived data for

some sites and FAA and NOAA weather data provided online for nearby locations.

Solar PV
The available solar energy at all six off-grid RWIS sites has been estimated based on the

average daily insolation and the specifications of the current solar panels (see Appendix A) used

at the sites. The dimensions, surface area, and efficiency of one Kyocera 120 W solar PV panel

12



are used with the average daily insolation for each site to determine the available daily solar

energy as:
Available Daily Solar Energy = Average Daily Insolation * Module Efficiency *
Module Surface Area * Number of Modules (1)
The solar module specifications are:
Dimensions: (1425 x 653 x 59 mm)
Surface Area: 1.425 m x 0.653 m = 0.9305 m?
Solar Panel Efficiency: 14%
The average daily insolation values for each site are provided in Table VI as calculated from

data in [2] and [12].

Table VI: Monthly Averaged Solar Insolation for Off-Grid RWIS Sites [2, 12]

Monthly Averaged Insolation Incident On A Horizontal Surface
(kWh/m?/day)

22-Year Jan May | Jun | Jul Nov
Average

Parks Hwy @

Little Coal

Creek MP 0.27 (093219 | 3.84 | 501 | 561 | 4.79| 3.76 0.43 | 0.11
163.2

Klondike Hwy

@ US/Canada

Border MP 0.39 1104214 )| 3.67 | 487 | 5.13 (4.76 | 3.83 | 242 | 1.37 | 0.56 | 0.23
14.9

Sterling Hwy

@ Jean Lake | 0.34 104 245 405 5.22 | 5.65 3.97 | 2.67 139 05 019
Hill MP 61.8

Seward Hwy

@ Turnagain . 101 (224 (373|488 543 | 48 | 3.86 | 254 | 1.37 | 0.59 | 0.23
Pass MP 69.9

Seward Hwy

@ Divide MP [ 0.41 101 224 373 488 | 543 | 4.8 | 3.86 | 2.54 137 059 023
11.7

Richardson

Hwy @ Stuart

Creek MP 0.36 | 0.97 | 2.17 | 3.85 | 5.22 | 5.75 | 5.35 2.67 | 1.37 | 0.53 | 0.19
45.6

The available average daily solar energy for all six RWIS sites was calculated as shown in

Table VII based on daily solar insolation values averaged over 22 years provided in Table VI.
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Table VII: Available Solar Energy (kWh/day) for RWIS Sites
Available Solar Energy (KWh/day)

mmmmm
073 171 300 392 294 195 102 034

Klondike Hwy @
US/Canada Border MP . 0.81|1.67 | 287|381 (401]3.72] 299 | 189|107 ]| 0.44
14.9

Sterling Hwy @ Jean
Ll AT VB G 0.27 081 191 317 408 442 391 310 209 109 039 0.15

Seward Hwy @

S dH Divid
T [ e P P A P A

Richardson Hwy @
Stuart Creek MP 45.6 0.28 | 0.76 | 1.70 | 3.01 | 4.08 [ 449 | 4.18 | 3.28 | 2.09 | 1.07 | 0.41 | 0.15

Wind Turbine
The available wind energy at all six off-grid RWIS sites has been estimated based on the

archived wind speed data collected at the sites and the specifications of the APRS World WT-10
wind turbine. Table VIII shows the average monthly wind speeds for each month at each site.
The power versus wind speed curve in Figure 9 for the 24 V wind turbine charging a 12 VDC

system through a rectifier was determined in a July 2013 field test by the manufacturer.

Table VIII: Average Monthly Wind Speeds (mph) for Off-Grid RWIS Sites
Average Monthly wind Speeds (mph)

| May | Jun | Jul | Aug | Sep | Oct | Nov
Parks Hwy @ Little
fé);lZCl‘eek MP 2.6 2.9 3.4 2.9 2.9 3.6 2.9 21 1.9 2.7 3.4
Klondike Hwy @
US/Canada Border | 30.5 | 22.2 | 12.8 | 11.7 | 10.7 7.9 13.6 | 12.7 | 11.7 | 14.4 | 11.3
MP 14.9

Sterling Hwy @
Jean Lake Hill MP 3.9 4.4 4.9 4.6 5.3 4.8 4.5 4.5 6.5 6.5 4.0
61.8
Seward Hwy @
Turnagain Pass 4.3 51 4.6 54 4.5 4.6 8.7 4.3 4.4 5.7 51
MP 69.9

3 5 3 9 3 (0] 3 3 3.3 3.3 2. 9

Seward Hwy @

Divide MP 11.7

Richardson Hwy @
Stuart Creek MP 21 3.0 2.8 3.6 4.3 4.9 3.9 2.8 21 24 24
45.6
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WT10_2412 Power Output vs. Wind Speed
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Figure 9: Power versus Wind Speed Curve for APRS World WT-10 24 V Turbine
Charging a 12VDC System [4].

The wind analysis was performed by taking wind speed data sampled at 30-minute intervals and
then determining the power output from the curve in Figure 9. The average daily wind energy
generation shown in Table IX was then calculated by multiplying the power output by the

sample time (0.5 hrs), averaging over 24 hours (48 samples), then averaging over each month.

Table IX: Available Wind Energy (x10-* kWh/day) for RWIS Sites
Available Wind Energy (x10° kwh/d ay)2

| Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov |
Parks Hwy @
Little Coal Creek [ 1.39 | 2.64 | 2.19 | 1.22 | 1.24 | 1.21 | 0.86 | 0.57 | 0.82 | 1.10 | 3.04
MP 163.2
Klondike Hwy @
US/Canada 233|443 | 268 | 16.7 | 140 | 14.0 | 150 | 23.1 | 17.2 | 13.9 | 23.9
Border MP 14.9

Sterling Hwy @

Jean Lake Hill 6.84 511 | 3.13 | 290 | 3.27 | 2.46 | 2.65 | 4.43 | 3.75 | 3.56 .
MP 61.8

Seward Hwy @

Turnagain Pass 163 (435|192 | 6.67 | 1.73 | 2.06 | 238 | 1.60 | 2.29 | 2.86 | 3.32 | 3.22
MP 69.9

S dH

SuieweTis 092|092 | 104|078 | 071 | 079 | 072 | 044 | 062 | 123 | 206 |

Richardson Hwy
@ Stuart Creek 1.16
MP 45.6

“Note: Values of wind energy are expressed in x103 kWh/day for comparison with solar energy in Table VII.
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Demand Analysis
The estimated demand for the RWIS sites visited was determined using power consumption

data provided by the manufacturer. The demand was assumed to be relatively constant at two
levels with and without the heater on the camera based on continuous operation of all the

cameras, weather sensors, and communication equipment.

For demonstration purposes, the following section provides a power capacity and demand
analysis for the Turnagain Pass RWIS site. Since this site is currently not operational, generation
and demand data was not collected from the site. A visit on June 26, 2013 at 1:30 PM to the
Little Coal Creek RWIS site which is similarly configured showed demand at about 65 W. Our
demand estimates for this site as currently outfitted are about 39 W without the camera heater on.
Some of the discrepancy could be due to losses in the converter, underestimating the power
drawn by the communications equipment and sensors, and the fact that the propane generator
controller was active even though the generator was not operational. Given this discrepancy, we
have added 15 W to our total demand requirement at each site to account for other random
loads and losses in the system.

Turnagain Pass

The current power capacity of the Turnagain Pass RWIS site was used in a demand analysis
to determine the additional power capacity required to operate the site through the winter
months. Based on this analysis additional power sources will be recommended likely including

some type of fossil fuel based generator.

Power Capacity
The current estimated maximum power capacity of the Turnagain Pass RWIS site based on

information provided in Table I is 720 W at 12 VDC using the six solar PV panels that are in
place, but not currently operating and assuming that the propane generator will be removed from
the system. However, the 720 W maximum capacity is only achievable with a clear sky and with
sun light directly incident on the panel surfaces. The surface area and efficiency of each Kyocera
120 W solar PV panel was used with the monthly average insolation values in Table VII shown
in the previous section to determine the available solar energy (kWh/day) using (1).

The demand analysis in the next section clearly illustrates that additional power sources will

be required to operate the site through the winter season from mid-November to mid-February.
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Demand Analysis
The current continuous power demand of the Turnagain Pass RWIS site (if operational)

based on manufacturer’s power specifications provided in Table X is 53.5 and 130.5 W without
and with the camera heater, respectively. The analysis was performed using 32 °F as the set point
for turning on the camera heaters based on temperature data from each site as shown in Table XI.

Table X: Power Demand of Current Weather Sensors, Cameras, and Communication
Equipment at Turnagain Pass Site

Weather Sensors, Cameras, and Power Demand (W)

Communication Equipment
Cohu iDome 3920, pan-tilt-zoom 27 W; 104 W (w/ heaters & PTZ)

RM Young 05103L Wind Monitor

Adolf Theis Hygro-Thermo Transmitter

Quixote FP 2000 Pavement Temp Sensor

SSI Thermoscan 1000 Pavement Temp Sensor

MRC Temperature Data Probe TP101

SSI Hawk Eye Optical Infrared Y/N Precipitation Sensor
Judd Ultrasonic Snow Depth Sensor

Communications interface and Ku-band transmitter

TOTAL DEMAND | 53.5 W; 130.5 W (w/heater)

Table XI: Average Monthly Temperatures (°F) for Off-Grid RWIS Sites

Average Monthly Temperatures (F)

e | s || e

Parks Hwy @ Little
fgg'szeek MP . 156 | 18.1 | 32.7 | 453 | 54.0 | 55.9 | 52.8 30.4

Klondike Hwy @

US/Canada Border , 13.3 | 28.1 | 37.0 | 434
MP 14.9

Sterling Hwy @

Jean Lake HI” MP 14 O
61.8

Seward Hwy @

Turnagain Pass

MP 69.9

S dH
SEm @ 9| 22. 3 25 7 34 3 43 7 | a7. 5 53 8| 530

Richardson Hwy @
Stuart Creek MP 48 | 16.4 | 16.2 | 35.1 | 455 | 54.1 | 55.8 | 53.9
45.6

In the winter months with heaters “on” requires 130.5 W * 6 hours = 783 Wh or 0.783 kWh

for daylight operation which is clearly more than the daily energy provided in December and

January assuming operation is only during daylight hours. Since the values in Table VII are daily

17



averages based over a month the available energy will also likely be below the required level in
late November and early February.

If the current Cohu 3920 PTZ cameras are replaced with two Mobotix M24 cameras, the
power demand is reduced from 53.5 and 130.5 W without and with the camera heater,
respectively, to 32.5 and 38.5 W. A comparison of the power demand for the two cameras with
and without heaters is shown in Table XII. With the new cameras in the winter months with
heaters “on” requires 38.5 W * 6 hours =231 Wh or 0.231 kWh for daylight operation which is
still more than is available from solar in December, but would likely also be below the required

levels in most of January and even parts of late November and early February.

Table XII: Comparison of Power Demand for Cohu PTZ and Mobotix M24 Cameras

Camera Power Demand (W)

Cohu iDome 3920, pan-tilt-zoom 27 W; 104 W (w/ heaters & PTZ)

2-Mobotix M24 Power over Ethernet (POE) cameras 6 W; 12 W (w/ heaters) includes two cameras

If the current communications interface which uses a Ku-band transmitter is replaced with
the Raven 4221 Airlink 3G cellular modem gateway with the power requirements shown in
Table XIII, the power demand for data transmit and receive functions is reduced from 25W to
about 3W. However, the timing of the modem for transmitting data at 10 minute intervals
indicates that the modem would not draw 3W continuous, but only during times when data was
transmitted and received. In this analysis a demand of 3W for 1 min every 10 min, and 1.25 W
for the remaining idle time as the minimum was used based on information from the Vaisala

field service engineer.

Table XIII: Power Requirements for Airlink Raven 4221 3G Cellular Modem

Current @ 12VDC Power Demand (W

Transmit/Receive (Typical/Max) 239/270 mA 2.87/3.21 W

Idle 104 mA 1.25W
Dormant 85 mA 1.02 W

The power demand of the Turnagain Pass RWIS site with the new POE camera and cellular
modem based on manufacturer’s power specifications provided in Table XIV is 10.54 W and

16.54 W without and with the camera heater, respectively.
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Table XIV: Power Demand of Recommended Weather Sensors, Cameras, and
Communication Equipment at Turnagain Pass Site

Weather Sensors, Cameras, and Power Demand (W)
Communication Equipment

2-Mobotix M24 Power over Ethernet (POE) cameras 6W;12W (WI heaters) includes two

cameras
RM Young 05103L Wind Monitor

Adolf Theis Hygro-Thermo Transmitter

Quixote FP 2000 Pavement Temp Sensor 0.01 W

SSI Thermoscan 1000 Pavement Temp Sensor 0.01W
MRC Temperature Data Probe TP101 0.01W
SSI| Hawk Eye Optical Infrared Y/N Precipitation Sensor 0.78 W

Judd Ultrasonic Snow Depth Sensor 0.60 W

Transmit/Receive (Typical/Max) 2.87/3.21 W;
Idle 1.25 W; Dormant 1.02 W
TOTAL DEMAND | 10.54 W; 16.54 W (w/heater)

Airlink Raven 4221 3G Cellular Modem

Tables XV-XVIII on pages 20-23 contain the average monthly demand analysis results for
the Turnagain Pass RWIS site under continuous and daylight operation with different
combinations of power sources including either of the two fuel cells or the TEG.

1) Table XV shows the energy required for continuous operation with solar PV alone.

2) Table XVI shows the energy required for continuous operation combining solar PV and wind.

3) Table XVII shows the energy required for daylight operation plus an hour before sunrise and after

sunset with solar PV alone.

4) Table XVIII shows the energy required for daylight operation plus an hour before sunrise and

after sunset with combinations of solar PV and wind.

Negative kWh values for demand indicate that surplus generation is available from the
combination of generation sources. The optimal generation system would meet the demand with
some extra generation to keep the batteries charged and to meet the demand during years when
the available solar energy is low due to increased cloudiness. Clearly, another energy source is
required for this site to operate continuously through the winter months and even for strict
daylight operation. This would come from the addition of a fossil fuel based source such as the
EFOY Duo Pro 800 fuel cell or the Global 5060 TEG and the replacement of the existing camera
with two Mobotix cameras and the Ku-band transmitter with a Raven Airlink 3G modem. Wind

is not sufficient at this site to supply the additional demand.
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Table XV: Demand Analysis for Continuous Operation of Turnagain Pass RWIS Site (Solar PV + Fuels Cells or TEG)

Demand Analysis (Continuous Operation): Seward Highway @ Turnagain Pass MP 69.9

Energy Demand After Energy Demand: Energy Demand:
E D E D :
Current Energy Replacing Cameras NCTE37 ETERE Solar & ICTEH7DEIIERE Solar &

Demand (kWh) and Communications A= (G Acumentrics Fuel SElEP A (U, Thermoelectric
. Solar (kWh) Cell (kwWh)
Equipment (kWh)

Cell (kWh) Generator (kWh)

January
February

September
October
November

December
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Table XVI: Demand Analysis for Continuous Operation of Turnagain Pass RWIS Site (Solar PV + Wind + Fuel Cells or TEG)

January
February

September
October
November
December

Demand Analysis (Continuous Operation): Seward Highway @ Turnagain Pass MP 69.9

Energy Demand After Energy Demand: Energy Demand: Energy Demand:
Solar,Wind & Solar, Wind & Solar, Wind &
Acumentrics Fuel Efoy Fuel Cell Thermoelectric

Cell (kWh) (kWh) Generator (kWh)

Energy Demand
After Incorporating
Solar & Wind (kWh)

Current Energy Replacing Cameras
Demand (kWh) and Communications
Equipment (kWh)
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Table XVII: Demand Analysis for Daylight Operation of Turnagain Pass RWIS Site (Solar PV + Fuels Cells or TEG)

Demand Analysis (Daylight Operation): Seward Highway @ Turnagain Pass MP 69.9

Energy Demand After Energy Demand: Energy Demand:
E D d E D d:
Current Energy Replacing Cameras nergy Deman Solar & nergy Deman Solar &

After | ti Solar & Efoy Fuel
Demand (kWh) and Communications er incorporating Acumentrics Fuel olar oy rue Thermoelectric

Equipment (kWh) el (<) Cell (kWh) ellilsiiti) Generator (kWh)

January
February

September
October
November
December
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Table XVIII: Demand Analysis for Daylight Operation of Turnagain Pass RWIS Site (Solar PV + Wind + Fuel Cells or TEG)

Demand Analysis (Daylight Operation): Seward Highway @ Turnagain Pass MP 69.9

Energy Demand After
Current Energy Replacing Cameras

Energy Demand: Energy Demand: Energy Demand:
Solar,Wind & Solar, Wind & Solar, Wind &
Demand (kWh) and Communications Acumentrics Fuel Efoy Fuel Cell Thermoelectric

Equipment (kWh) Cell (kWh) (kWh) Generator (kWh)

September
October

Noverber — es a1
December 8.7 3.0 -368.9 -30.4

Energy Demand
After Incorporating
Solar & Wind (kWh)

Month
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Tables XX-XXXIX in Appendix C contain the average monthly demand analysis results for
the remaining five off-grid RWIS sites.

Operating Scenarios
Demand analysis using the existing solar PV and either the EFOY Pro 800 fuel cell or Global

Thermoelectric 5060 generator to power POE cameras, existing weather sensors, and Airlink 3G
modems provides enough power to maintain operation for continuous or daylight operation at the
Turnagain RWIS site. However, the demand depends on the operating scenario. An operating
scenario that could potentially save energy over the current configuration includes turning the
cameras, weather sensors, and communications equipment off while not in use. Specific
exceptions to turning off cameras and communication equipment are: 1) when camera heaters are
required to keep the lens free of ice and condensation, and 2) transmitter links must stay
connected to the central server in order to poll data at set intervals. Currently the
communications system is designed to poll meteorological data and a camera image from the site
every 10 minutes. It is beneficial to have 24 hour meteorological data, but it may not be
necessary to have camera images during the night time hours. An infrared camera or infrared

illuminators with existing cameras may be installed if it is necessary to have nighttime images.

The following chapter provides recommendations for power sources, weather sensors,

cameras, and communication equipment at the six off-grid RWIS sites.
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CHAPTER 3 - RECOMMENDATIONS

General Recommendations

The following sections provide recommendations for the Alaska off-grid RWIS power
sources, cameras, weather sensors, communication equipment, and operating scenarios. A
summary of the results and recommendations for all six off-grid RWIS sites is provided in Table
XIX.

RWIS Power Sources

Based on research of power sources for similar off-grid systems and site visits to Alaska off-
grid RWIS sites conducted during this project, it is recommended that the AK DOT consider the
use of fuel cells or thermoelectric generators as power sources for operating through the winter
season when solar PV outputs are low. Based on discussions with DOT personnel operating a
similar off-grid RWIS site in Idaho using the EFOY Pro 1600 fuel cell, and the current testing of
the Acumentrics RP500 fuel cell at the Alaska Klondike Highway site, fuel cells could prove to
be viable options for Alaska DOT off-grid RWIS sites. The Global 5060 TEG used on the FAA
remote modules could also provide the additional reliable power required to operate through the

winter months.

The Global 5060 TEG offers the lowest cost fossil-fuel based power source at 1/4 of the
initial cost of the EFOY Pro 800 fuel cell, but with approximately five times the fuel use to
provide enough power to meet the demand at five of the six off-grid RWIS sites. The Stuart
Creek RWIS site requires the Acumentrics RP500 fuel cell to meet the demand throughout the
year due to the heated rain bucket. Given a 20 year life cycle, the initial cost of $21,500 and a
cost of methanol at $1.60 per gallon for the EFOY Pro 800, and the initial cost of $6500 and a
cost of propane at $4.00 per gallon for the Global 5060 TEG, the TEG is the lower cost option
for 300 gallons per year or less of fuel use over the life cycle. The life cycle expectations and

reliability of these power sources remains to be evaluated through in-situ testing.

It is also recommended that the AK DOT work closely with the FAA to explore the use of a
scaled-down version (1/3 power capacity) of the off-grid power module which employs a
thermoelectric generator, a small harsh weather resistant wind turbine, and a thin-film solar PV
array. The military grade wind turbine costing over $25K would need to be replaced by a

commercially available turbine (APRS World WT-10) costing around $3.5K.
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Table XIX: Summary of Results and Recommendations for Off-Grid RWIS Sites

Retrofit Equipment Retrofit EFQY Pro 800 Fuel Cell Global ThermoElectric
Generator

Legend:

® Currently Installed
© Recommended Equipment
x Analyzed Generators

Parks Highway @ Little Coal
Creek MP 163.2

Klondike Highway @
US/Canada Border MP 14.9

Creek MP 45.7
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Power Demand of Cameras, Weather Sensors, and Communication Equipment
Based on research of current cameras, weather sensors, and communication equipment it is

recommended that the AK DOT use the existing weather sensors, but replace the cameras with
two POE Mobotix M24 cameras. One exception to the use of the existing weather sensors is the
replacement of the Nova Lynx 2500E heated tipping bucket at Stuart Creek with a rain gauge
and visibility sensor with a much lower power demand such as the Vaisala PWD 12. It is also
recommended that Raven Airlink 3G modems be used in place of the Ku-band transmitters for
communications. The use of the POE cameras and Airlink modems significantly reduces the
power demand when compared to the current off-grid RWIS configurations.
Operating Scenarios for Energy Savings

Although the RWIS sites use very little power, it is important to operate the sites such that
enough stored energy is available in the batteries to power the site when solar PV is not
available. Demand analysis using the existing solar PV and either the EFOY Pro 800 fuel cell or
Global Thermoelectric 5060 generator to power POE cameras, existing weather sensors, and
Airlink 3G modems provides enough power to maintain operation for continuous or daylight
operation at all RWIS sites except for Stuart Creek. The Stuart Creek RWIS site demand could

be significantly reduced with the replacement of the heated tipping bucket as mentioned above.

An operating procedure that could potentially save energy over the current configuration
includes leaving the cameras off while not in use, except for when the heater needs to be on to
keep the camera lens free of ice and condensation. This same operating procedure could be
followed for weather sensors and communication equipment, except for the communications
interface (transmitter). The link must stay connected to the central server in order to poll data.
The communications system is designed to poll meteorological data and a camera image from
the site every 10 minutes. It is beneficial to have 24 hour meteorological data, but it may not be
necessary to have camera images during the night time hours. An infrared camera or infrared
illuminators such as the Cantronic CSI-IR Infrared Illuminators with existing cameras may be
installed if it is necessary to have nighttime images. The additional power demand would range
from 5-50 W depending on the distance and angle of view to be illuminated, but could be
operated only when the camera is operational at night. The result would be an average increase
in annual energy demand from 14.6-146 kWh for continuous nighttime operation averaging 8

hours per night over the year.

27



RWIS Locations
The location of the RWIS sites is critical for determining weather conditions along Alaska

roadways where safety for vehicles is the major concern. AK DOT maintenance personnel
recommended moving the RWIS location for at least one off-grid site, Little Coal Creek. While
convenient and easy to access on a highway pull out, the location of the Little Coal Creek RWIS
site at MP 163.2 on the Parks Highway is in a weather dead zone from about MP 158 to MP 169.
One possible new location would be at or near the railroad crossing about 6 miles north of the
current site where the Alaska Railroad has a remote power module for the crossing gates and
signal flashers. The time to make this change in location would be during an upgrade of the

RWIS module or simply placing a new module at the new location.

Also, five of the six off-grid RWIS sites are not in an ideal location for the use of a wind
turbine. While the wind turbine could save on fossil fuel use (propane), it does not offer a

significant amount of energy, particularly in the winter months at the off-grid sites.

Overall Recommendations

Based on research and evaluation of current off-grid RWIS sites, the following overall

recommendations were reached:

1) Fossil-fuel based generators such as fuel cells or thermoelectric generators with non-
moving parts like internal combustion engines could be used at the off-grid RWIS sites to
supplement the existing solar PV system for continuous or daylight operation through the

winter months.

2) Cameras using POE and Airlink 3G modems could be used to reduce power demand,

increase the stored energy, and decrease the fuel used by fossil-fuel based power sources.

3) Cameras could be timed to come on at specified intervals and turned off during nighttime
hours to reduce power demand, increase the stored energy, and decrease the fuel used by

fossil-fuel based power sources.

4) An off-grid power module similar to the FAA module, but with 1/3 the capacity could be
employed for new off-grid RWIS applications.

Conclusions and suggestions for future research work from the review, evaluation, results

and recommendations for the six off-grid RWIS sites are provided in Chapter 4.
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CHAPTER 4 - CONCLUSIONS AND SUGGESTED RESEARCH

Conclusions

This report documented the findings of a review of current off-grid RWIS power sources,
weather sensors, cameras, and communication equipment and provided recommendations for
improving the power sources at these sites for reliable year round operation.

Three distinct conclusions can be drawn from these findings:

1) Off-grid RWIS sites require a combination of the existing solar PV array and fossil-fuel
based sources such as the Acumentrics RP500 or EFOY Pro 800 fuel cell, or the Global

Thermoelectric 5060 generator for continuous or daylight operation throughout the year.

2) The use of low-power cameras, weather sensors, and communication equipment

employing POE can reduce power demand and dependence on fossil-fuel sources.

3) The operating scenario used at the site is critical to energy savings, and is largely
dependent on continuous versus daylight operation and the duty cycle of the camera,

heaters, and communications equipment.

In general these findings suggest that RWIS power sources need to be configured as a
combination of alternative and fossil-fuel based power sources with low-power cameras, weather

sensors, and communications equipment for reliable year round operation.

Suggested Research
Further investigation and testing in the area of off-grid RWIS power sources includes:
1) Evaluation through in-situ testing of similar off-grid power modules for meteorological
data using fuel cells and thermoelectric generators by the Coast Guard, FAA, and DOT.

2) Further and more detailed analysis of the energy generation, storage, and demand at off-

grid RWIS sites through data logging by the operation and maintenance contractor.

3) Cold and harsh weather testing of both power sources, weather sensors, cameras, and

communication equipment.
4) Development of a scaled-down version of the FAA off-grid power modules.

This research could be conducted as a Phase II project with AKDOT&PF and could include
the development and in-situ testing of off-grid RWIS power modules.
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APPENDIX A: RWIS Power Source Specification and Data Sheets

Marathon Minotaur 2.5

Kyocera 120-1 Solar PV Panels

Rolls Series 4000 12 V, 275 A-hr deep cycle marine batteries (12 HHG 8DM)
Trojan 8D-AGM 12 V, 230 A-hr deep cycle battery

APRS World WT-10 Wind Turbine

Acumentrics RP500 (formerly RP 20) Fuel Cell

EFOY 1600 Pro Series Fuel Cell (15t Generation)

EFOY 800 Pro Series Fuel Cell (2" Generation)

Global ThermoElectric Model 5060 Thermoelectric Generator
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Marathon Minotaur 2.5
Minotaur™ 2.5 — This venerable workhouse is used for unattended prime power applications.

Minotaur™
NOTE:

The Minotaur line is being upgraded and a release date
will be announced.

LONG-LIFE PRIME POWER

The Minotaur™ 2.5 Electric Power System has been specifically engineered to deliver high
quality, reliable, unattended prime power with a unique long-life engine designed for long hours
of continuous operation.

LOW MAINTENANCE

Long routine maintenance intervals of up to 4,000 hours translate into a low maintenance cost
that is particularly important for remote, often difficult to reach locations. A well-engineered
cabinet design provides easy service access for quick, efficient, simple servicing.

SUPERIOR RELIABILITY

Highly engineered components and electronics give a superior degree of reliability that
translates into long operating periods with minimal downtime. The Minotaur™ 2.5 Electric
Power System provides the highest degree of reliability of any small internal combustion engine
based system available today.

HIGH QUALITY POWER 120/240 VAC

The output of the Minotaur™ 2.5 Electric Power System is high quality power of 120/220 VAC
delivered at 50/60 Hz, or 24/48 VDC. With tight voltage and frequency specifications, the
Minotaur™ 2.5 Electric Power System is compatible with electric equipment worldwide.

UNIVERSAL APPLICATION

The use of widely available natural gas or LPG (propane) coupled with world wide power
compatibility makes the Minotar™ 2.5 Electric Power System truly unique, resulting in prime
power availability to any location throughout the world. The versatility of the Minotaur™ 2.5
Electric Power System can be further enhanced with the availability of a wide range of custom
options.
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Kyocera 120-1 Solar PV Panels
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Rolls Series 4000 12 V, 275 A-hr deep cycle marine batteries (12 HHG 8DM)

/

12 HHG 8DM
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Trojan 8-D AGM Battery (12V, 230 A-hr)
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APRS World WT-10 Wind Turbine
Introduction

APRS World's WT10 micro wind turbine is the premiere wind generator
for extreme wind enviroments. We have spent years developing and
testing the WT10 in downright brutal locations and applications. Regular
150+ MPH winds, ice, and lightning. Every component of the WT10 has
been repeatedly revised to make it as tough as possible and work in the
most demanding enviroments. Simply put, there isn't a tougher micro
wind turbine on the market.

A complete system

APRS World can supply you with a complete integrated and tested micro
wind turbine or hybrid wind / solar power and control system. We manufacture turbine
control panels, output cables, dump loads, tower components, specialized installation tools,
and even highly innovative mounting structures for ISO shipping containers. With our 8
years of experience in data acquisiton and control systems for small wind, we can offer both
the most advanced and the most cost effective instrumentational, control, or telemetry
systems.

Made in USA — with pride

The WT10 is assembled in the USA with as many USA made components as possible. The
only major non-USA components are the European designed and molded blades and the
Asian made bearings. While other companies continue to move manufacturing overseas,
APRS World has invested heavily to bring the generator manufacturing to the USA. See a
complete breakdown of country of origin information in our documents section.

WT10 Design

The WTI10 is designed to be strong and power through anything mother nature can throw at
it. Nearly every component on the WT10 is designed by APRS World and custom
manufactured for us. Off the shelf components neither fit nor provided the reliability we
require. Most components are machined from solid metal or engineered plastic. All
components are sealed, plated, or otherwise designed to provide the most reliable service.
Read more about each part of the WT10 turbine in our WT10 design section.
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Specifications
TURBINE
Configuration 3 blades, horizontal axis, upwind

24 volt battery charging: TBD watts

Rated power @ 11 m/s 48 volt battery charging: TBD watts
Applications Battery charging
Cut-in wind speed 4.5 m/s (10 MPH)

Survival wind speed 70 m/s (157 MPH)

Overall weight 10 kg (23 1bs)
ROTOR
Rotor diameter 1.0 m (3.3 ft)
Swept area 0.79 m? (8.45 ft?)
Blade Length 0.47 m (18.6 in)
Blade Material Nylon 6/6, black, 33% glass filled
GENERATOR
Drive Direct drive
Type Permanent magnet generator, radial flux
Configuration 30, 10 pole

Variable frequency and voltage
Maximum power output 1 kW

ELECTRONICS
See turbine control panel for more information.
WARRANTY
Complete system 5 years
TOWERS
Factory supplied Rohn 25G & 45G. Bergey GL. Most monopoles.

mounting systems for  Others available upon request.
See towers for more information.
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Acumentrics RP500 Fuel Cell
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EFOY 1600 Pro Series Fuel Cell (15t Generation)
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EFOY 800 Pro Series Fuel Cell (2"¢ Generation)
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Global ThermoElectric Model 5060 Thermoelectric Generator
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APPENDIX B: RWIS Cameras, Weather Sensors, and Communication

Equipment Specification and Data Sheets

SSI Cohu ER-8546 Single View Camera

Cohu 3920 PTZ Camera

Mobotix M24 Allaround Camera

Cantronic CSI-IR Infrared llluminators

RM Young 05103 Wind Monitor

SSI Adolf Theis Hygro-Thermo Transmitter
Quixote FP 2000 Pavement Temp Sensor

SSI Thermoscan 1000 Pavement Temp Sensor
SSI MRC Temperature Data Probe TP101

SSI Hawk Eye Optical Infrared Y/N Precipitation Sensor
Judd Ultrasonic Snow Depth Sensor

Nova Lynx 260-2501 Rain Gauge

Vaisala PWD12

Decibel Products DB498 Directional Antenna
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Cohu ER-8546 Single View Camera
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Cohu 3920 PTZ Camera
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Mobotix M24 Allaround Camera
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Cantronic CSI-IR Infrared llluminators
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RM Young 05103 Wind Monitor
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SSI Adolf Theis Hygro-Thermo Transmitter
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Quixote FP 2000 Pavement Temp Sensor
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SSI Thermoscan 1000 Pavement Temp Sensor
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MRC Temperature Data Probe TP101
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SSI Hawk Eye Optical Infrared Y/N Precipitation Sensor
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Judd Ultrasonic Snow Depth Sensor
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Nova Lynx 260-2501 Rain Gauge
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Vaisala PWD12
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Decibel Products DB498 Directional Antenna
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APPENDIX C: Demand Analysis Results for RWIS Sites
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Table XX: Demand Analysis for Continuous Operation of Little Coal Creek RWIS Site (Solar PV + Fuels Cells or TEG)

Month

January
February

September
October
November
December

Demand Analysis (Continuous Operation): Parks Highway @ Little Coal Creek MP 163.2

E D Af E D : E D :
nergy : emand After Er o —, nergy Demand e D nergy Demand

Current Energy Replacing Cameras After Incorooratin Solar & Solar & Efov Euel Solar &
Demand (kWh) | and Communications P & | Acumentrics Fuel v Thermoelectric

Equipment (kWh) SR (S0 Cell (kWh) LS, Generator (kWh)
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Table XXI: Demand Analysis for Continuous Operation of Little Coal Creek RWIS Site (Solar PV + Wind + Fuel Cells or
TEG)

Demand Analysis (Continuous Operation): Parks Highway @ Little Coal Creek MP 163.2

Energy Demand After Enerev Demand Energy Demand: Energy Demand: Energy Demand:
Current Energy Replacing Cameras . . Solar,Wind & Solar, Wind & Solar, Wind &
. After Incorporating . .
Demand (kWh) and Communications Solar & Wind (kWh) Acumentrics Fuel Efoy Fuel Cell Thermoelectric
Equipment (kWh) Cell (kWh) (kwh) Generator (kWh)
January
February

September
October
November
December
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Table XXII: Demand Analysis for Daylight Operation of Little Coal Creek RWIS Site (Solar PV + Fuels Cells or TEG)

Demand Analysis (Daylight Operation): Parks Highway @ Little Coal Creek MP 163.2

Energy Demand After Energy Demand: _ Energy Demand:
Current Energy Replacing Cameras Energy Demand Solar & Energy Demand: Solar &

. After | ti . Solar & Efoy Fuel .
Demand (kWh) and Communications er incorporating Acumentrics Fuel oar oy rue Thermoelectric

Equipment (kWh) P (Sl Cell (kWh) SiiLshit) Generator (kWh)

January
February

September
October
November
December
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Table XXIII: Demand Analysis for Daylight Operation of Little Coal Creek RWIS Site (Solar PV + Wind + Fuel Cells or
TEG)

Demand Analysis (Daylight Operation): Parks Highway @ Little Coal Creek MP 163.2

Energy Demand After Energy Demand: Energy Demand: Energy Demand:
Solar,Wind & Solar, Wind & Solar, Wind &
Acumentrics Fuel Efoy Fuel Cell Thermoelectric

Cell (kWh) (kWh) Generator (kWh)

Energy Demand
After Incorporating
Solar & Wind (kWh)

Current Energy Replacing Cameras
Demand (kWh) and Communications
Equipment (kWh)
January
February

September
October
November

December
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Table XXIV: Demand Analysis for Continuous Operation of Klondike RWIS Site (Solar PV + Fuels Cells or TEG)

January
February
March
April

September
October
November

December

Demand Analysis (Continuous Operation): Klondike Highway @ US/Canada Border MP 14.9

Energy Demand After
Current Energy Replacing Cameras
Demand (kWh) and Communications
Equipment (kWh)

Energy Demand:
Solar &
Acumentrics Fuel
Cell (kWh)

Energy Demand:
Solar &
Thermoelectric
Generator (kWh)

Energy Demand
After Incorporating
Solar (kWh)

Energy Demand:
Solar & Efoy Fuel
Cell (kWh)
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Table XXV: Demand Analysis for Continuous Operation of Klondike RWIS Site (Solar PV + Wind + Fuel Cells or TEG)

Demand Analysis (Continuous Operation): Klondike Highway @ US/Canada Border MP 14.9

Energy Demand After Enerev Demand Energy Demand: Energy Demand: Energy Demand:
Current Energy Replacing Cameras 4/ . Solar, Wind & Solar, Wind & Solar, Wind &
.. After Incorporating . .
Demand (kWh) and Communications Solar &Wind (kwh) Acumentrics Fuel Efoy Fuel Cell Thermoelectric
Equipment (kWh) Cell (kWh) (kwh) Generator (kWh)
January
February

September
October
November
December
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Table XXVI: Demand Analysis for Daylight Operation of Klondike RWIS Site (Solar PV + Fuels Cells or TEG)

Demand Analysis (Daylight Operation): Klondike Highway @ US/Canada Border MP 14.9

E D d Aft E D d: E D d:
nergy : eman er Energy Demand nergy Deman Energy Demand: nergy Deman
Current Energy Replacing Cameras . Solar & Solar &
.. After Incorporating . Solar & Efoy Fuel .
Demand (kWh) and Communications Solar (kWh) Acumentrics Fuel Cell (kWh) Thermoelectric
Equipment (kWh) Cell (kWh) Generator (kWh)

January
February

September
October
November
December
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Table XXVII: Demand Analysis for Daylight Operation of Klondike RWIS Site (Solar PV + Wind + Fuel Cells or TEG)

Demand Analysis (Daylight Operation): Klondike Highway @ US/Canada Border MP 14.9

Energy Demand After Enerev Demand Energy Demand: Energy Demand: Energy Demand:
Current Energy Replacing Cameras 4/ . Solar, Wind & Solar, Wind & Solar, Wind &
.. After Incorporating . .
Demand (kWh) and Communications Solar &Wind (kwh) Acumentrics Fuel Efoy Fuel Cell Thermoelectric
Equipment (kWh) Cell (kWh) (kwh) Generator (kWh)
January
February

September
October
November
December
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Table XXVIII: Demand Analysis for Continuous Operation of Jean Lake RWIS Site (Solar PV + Fuels Cells or TEG)

Demand Analysis (Continuous Operation): Sterling Highway @ Jean Lake Hill MP 61.8

Energy Demand After Energy Demand: Energy Demand:
. E D d E D d:
Current Energy Replacing Cameras nergy Deman Solar & nergy Deman Solar &

. After | ti . Solar & Efoy Fuel .
Demand (kWh) and Communications er incorporating Acumentrics Fuel oar oy rue Thermoelectric

Equipment (kWh) P (Sl Cell (kWh) iLshit), Generator (kWh)

January
February

September
October
November
December
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Table XXIX: Demand Analysis for Continuous Operation of Jean Lake RWIS Site (Solar PV + Wind + Fuel Cells or TEG)

Demand Analysis (Continuous Operation): Sterling Highway @ Jean Lake Hill MP 61.8

Energy Demand After Enerev Demand Energy Demand: Energy Demand: Energy Demand:
Current Energy Replacing Cameras 4/ . Solar, Wind & Solar, Wind & Solar, Wind &
.. After Incorporating . .
Demand (kWh) and Communications Solar & Wind (kwh) Acumentrics Fuel Efoy Fuel Cell Thermoelectric
Equipment (kWh) Cell (kWh) (kwh) Generator (kWh)
January
February

September
October
November
December
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Table XXX: Demand Analysis for Daylight Operation of Jean Lake RWIS Site (Solar PV + Fuels Cells or TEG)

Demand Analysis (Daylight Operation): Sterling Highway @ Jean Lake Hill MP 61.8

E D d Aft E D d: E D d:
nergy : eman er Energy Demand nergy Deman Energy Demand: nergy Deman
Current Energy Replacing Cameras . Solar & Solar &
.. After Incorporating . Solar & Efoy Fuel .
Demand (kWh) and Communications Solar (kWh) Acumentrics Fuel Cell (kWh) Thermoelectric
Equipment (kWh) Cell (kWh) Generator (kWh)

Month

January
February

September
October
November
December
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Table XXXI: Demand Analysis for Daylight Operation of Jean Lake RWIS Site (Solar PV + Wind + Fuel Cells or TEG)

Month

January
February

September
October
November
December

Demand Analysis (Daylight Operation): Sterling Highway @ Jean Lake Hill MP 61.8

Energy Demand After Enerev Demand Energy Demand: Energy Demand: Energy Demand:
Current Energy Replacing Cameras &Y ) Solar, Wind & Solar, Wind & Solar, Wind &
.. After Incorporating . .
Demand (kWh) and Communications Solar &Wind (kwh) Acumentrics Fuel Efoy Fuel Cell Thermoelectric
Equipment (kWh) Cell (kWh) (kWh) Generator (kWh)
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Table XXXII: Demand Analysis for Continuous Operation of Divide RWIS Site (Solar PV + Fuels Cells or TEG)

Demand Analysis (Continuous Operation): Seward Highway @ Divide MP 11.7

Energy Demand After Energy Demand: Energy Demand:
. E D d E D d:
Current Energy Replacing Cameras nergy Deman Solar & nergy Deman Solar &

. After | ti . Solar & Efoy Fuel .
Demand (kWh) and Communications er incorporating Acumentrics Fuel oar oy rue Thermoelectric

Equipment (kWh) P (Sl Cell (kWh) SiiLshit) Generator (kWh)

January
February

September
October
November
December
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Table XXXIII: Demand Analysis for Continuous Operation of Divide RWIS Site (Solar PV + Wind + Fuel Cells or TEG)

Demand Analysis (Continuous Operation): Seward Highway @ Divide MP 11.7

Energy Demand After Enerev Demand Energy Demand: Energy Demand: Energy Demand:
Current Energy Replacing Cameras 4/ . Solar, Wind & Solar, Wind & Solar, Wind &
.. After Incorporating . .
Demand (kWh) and Communications Solar & Wind (kwh) Acumentrics Fuel Efoy Fuel Cell Thermoelectric
Equipment (kWh) Cell (kWh) (kwh) Generator (kWh)
January
February

September
October
November
December
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Table XXXIV: Demand Analysis for Daylight Operation of Divide RWIS Site (Solar PV + Fuels Cells or TEG)

Demand Analysis (Daylight Operation): Seward Highway @ Divide MP 11.7

E D d Aft E D d: E D d:
nergy : eman er Energy Demand nergy Deman Energy Demand: nergy Deman
Current Energy Replacing Cameras . Solar & Solar &
.. After Incorporating . Solar & Efoy Fuel .
Demand (kWh) and Communications Solar (kWh) Acumentrics Fuel Cell (kWh) Thermoelectric
Equipment (kWh) Cell (kWh) Generator (kWh)

Month

January
February

September
October
November
December

&9



Table XXXV: Demand Analysis for Daylight Operation of Divide RWIS Site (Solar PV + Wind + Fuel Cells or TEG)

Month

January
February

September
October
November
December

Demand Analysis (Daylight Operation): Seward Highway @ Divide MP 11.7

Energy Demand After Enerev Demand Energy Demand: Energy Demand: Energy Demand:
Current Energy Replacing Cameras 4/ . Solar, Wind & Solar, Wind & Solar, Wind &
.. After Incorporating . .
Demand (kWh) and Communications Solar & Wind (kwh) Acumentrics Fuel Efoy Fuel Cell Thermoelectric
Equipment (kWh) Cell (kWh) (kwh) Generator (kWh)
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Table XXXVI: Demand Analysis for Continuous Operation of Stuart Creek RWIS Site (Solar PV + Fuels Cells or TEG)

Demand Analysis (Continuous Operation): Richardson Highway @ Stuart Creek MP 45.7

Energy Demand After Energy Demand: Energy Demand:
. E D d E D d:
Current Energy Replacing Cameras nergy Deman Solar & nergy Deman Solar &

. After | ti . Solar & Efoy Fuel .
Demand (kWh) and Communications er incorporating Acumentrics Fuel oar oy rue Thermoelectric

Equipment (kWh) P (Sl Cell (kWh) SiiLshit) Generator (kWh)

January
February

September
October
November
December
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Table XXXVII: Demand Analysis for Continuous Operation of Stuart Creek RWIS Site (Solar PV + Wind + Fuel Cells or
TEG)

Demand Analysis (Continuous Operation): Richardson Highway @ Stuart Creek MP 45.7

Energy Demand After Energy Demand: Energy Demand: Energy Demand:
Solar,Wind & Solar, Wind & Solar, Wind &
Acumentrics Fuel Efoy Fuel Cell Thermoelectric

Cell (kWh) (kWh) Generator (kWh)

Energy Demand
After Incorporating
Solar & Wind (kWh)

Current Energy Replacing Cameras
Demand (kWh) and Communications
Equipment (kWh)
January
February

September
October
November

December
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Table XXXVIII: Demand Analysis for Daylight Operation of Stuart Creek RWIS Site (Solar PV + Fuels Cells or TEG)

Demand Analysis (Daylight Operation): Richardson Highway @ Stuart Creek MP 45.7

E D d Aft E D d: E D d:
nergy : eman er Energy Demand nergy Deman Energy Demand: nergy Deman
Current Energy Replacing Cameras . Solar & Solar &
.. After Incorporating . Solar & Efoy Fuel .
Demand (kWh) and Communications Solar (kWh) Acumentrics Fuel Cell (kWh) Thermoelectric
Equipment (kWh) Cell (kWh) Generator (kWh)

January
February

September
October
November
December
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Table XXXIX: Demand Analysis for Daylight Operation of Stuart Creek RWIS Site (Solar PV + Wind + Fuel Cells or TEG)

January
February

September
October
November
December

Demand Analysis (Daylight Operation): Richardson Highway @ Stuart Creek MP 45.7

Energy Demand After Enerev Demand Energy Demand: Energy Demand: Energy Demand:
Current Energy Replacing Cameras 4/ . Solar,Wind & Solar, Wind & Solar, Wind &
.. After Incorporating . .
Demand (kWh) and Communications Solar & Wind (kwh) Acumentrics Fuel Efoy Fuel Cell Thermoelectric
Equipment (kWh) Cell (kWh) (kwh) Generator (kWh)
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