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ABSTRACT
By collecting metrics in fleet operations, data center usage, employee air travel and facilities consumption at
the Canada France Hawaii Telescope, the collective impact of CFHT and other observatories on the Maunakea
Astronomy Precinct can be estimated. An audit of carbon emissions in these aspects as well as specific efficiency
metrics such as data center Power Use Efficiency gives a general scale of environmental and social alterations.
Applications of the audit would be for such things as crafting sustainability strategies.
Keywords: sustainability, operations, software metrics, data, carbon emissions, footprints, renewables, power
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1. INTRODUCTION
The Canada France Hawaii Telescope operates a 3.6 meter telescope on the summit of Maunakea and is one
of a number of agencies conducting operations on the summit. As of May 2016, there are 12 observatories on
the mountain plus the Maunakea Support Services located at the mid-level facility, providing rangers, and other
logistical support. One facility, the NRAO Very Long Base Array consists of a dish with no dome enclosure
positioned lower down the slope, off the Maunakea-Umikoa Trail. The Smithsonian Astrophysical Observatory
and Taiwan’s Submillimiter Array consists of a collection of smaller radio dishes and a service building. The
University of Hawaii Hilo also operates a small dome and education telescope close the summit. The remaining
nine observatories operate one or two of the enclosures on the summit of the mountain. Most are dome structures.
Although the different observatories employ a wide range of technologies and study vastly different topics in
Astronomy; the agencies operating the observatories have many similarities in their operations and impact
on the mountain. CFHT being one of the oldest, and neither the smallest nor the largest stands as a good
representative of current and future facilities and can serve as a case study of observatory impact on Maunakea.
In order to be able to compare different facets of an observatory’s functions, we use carbon footprints as a
metric that can be calculated across categories. Measurable carbon footprints result from energy consumption
at the facilities and also from life cycles of fuels from feed stock and production. The functions examined in this
study are CFHT’s vehicle fleet operations, building energy consumption, data center operations and employee
air travel. The emissions calculated from locating observatories in Hawaii are not just limited to Maunakea, but
in some cases dispersed world-wide. In addition, procedures that CFHT uses as well as current strategies to
reduce the footprints are examined. Other potential ways to reduce the footprint and therefore impact are also
covered.

2. ENERGY SOURCE MIX FOR THE STATE OF HAWAII
To evaluate carbon footprints in Hawaii, it is important to first take a look at the energy sources in the state.
Being isolated in the middle of the Pacific Ocean affects the fuel availability for the islands. There are also no
local fossil fuel resources in the state, necessitating that fuel be shipped in.
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2.1 Electricity Generation
As of 2013, 70% of the state’s electricity generation comes from oil and 14% from coal. Meanwhile, in the rest
of United States, 1% comes from oil and about 39% comes from coal. The dependence on fossil fuels leads to
Hawaii paying over four times the price for electricity at $0.42 per kWh, compared to the U.S. average at $0.10
per kWh. Hawaiians pay the highest prices for energy among the 50 states.1

Figure 1. Electricity production in the State of Hawaii and in the United States. Charts courtesy Hawaii State Energy
Office.1

2.2 Transportation Fuel
The higher price paid for fossil fuels also appears in the cost for transportation. For a 12 month track from
December 2014 to December 2015 of gasoline prices on the Big Island, prices stayed $0.80 to $1.05 per gallon
more than the U.S. Average. Price volatility as collected by hawaii247.com was about $1.00 from the 12 month
low to high,2 see Table 2.

3. VEHICLE FLEET OPERATIONS
3.1 CFHT Current State
Fleet data was collected from CFHTs vehicle maintenance logs which were maintained by the vehicle fleet
maintenance specialist using software called CollectiveFleet. CollectiveFleet recorded miles traveled and vehicle
model and trim but did not show actual fuel and oil usage. In trying to identify the areas for improvement, the
vehicles were broken down into four basic categories; vans, pickups, large SUVs, and sedans. To calculate the
carbon footprint from each vehicle type, fuel economy values were looked up on fuely.com, a crowdsourced fuel
economy reporting website.3 Also needed is the combustion emissions estimate of CO2 from the Environmental
Protection Agency, which is 8.887 grams CO2 /gallon for gasoline.4 This factor is a tailpipe emission; to take
into account upstream emissions from drilling, refining and transportation requires multiplying 8.887 grams
CO2 /gallon by a factor of 1.20 to 1.25.5

Figure 2. Big Island gas prices compared to U.S. average. Top plot is Hawaii. Graph courtesy of hawaii247.com.2

To calculate the annual CO2 tailpipe emissions:
Annual CO2 emissions =

CO2 per gallon
∗ miles
MPG

Most of the miles are traveled by the vans and sedans from Kamuela and Hilo to reach the mid-level facility.
From Kamuela, the distance traveled is 43.9 miles via the Saddle Road. One van typically transits the Hilo to
mid-level facility route 4 days a week, a distance of 35.0 miles. The short 6.3 mile distance from the mid-level
facility to the summit represents a smaller share of CO2 emissions from the 4x4 vehicles. In total, annual CO2
tailpipe emission is 58.88 metric tons attributable to the operation of the fleet.

3.2 Electric Vehicles as an Alternatives
Since passenger vans and trucks drive the majority of the miles during CFHT observatory operations on the Big
Island, targeting those types of vehicles would lead to the greatest impact for reductions. Zenith Motors, makes
12 passenger electric vans with a battery capacity of 62 kWh, giving the vans a range of 80 miles, close to enough
range for a round trip between Hale Pohaku, the mid-level facility and either Kamuela or Hilo.6 At $0.37/kWh,
the price paid on electric bills at CFHT’s Kamuela base facility, charging a van everyday would run $114.70 per
week. This is equivalent to the cost of gas for two Toyota Siennas making the same trip, based on the price
of gas at $2.93/gal at the end of 2015, as collected by hawaii247.com. However the price volatility during the
12 month period caused the price of gas to differ by $1.00. The Toyota Siennas could cost up to 1/3 more to
operate due to transportation fuel alone.
A Zenith Motors van driving 5 days a week for a year and getting a full charge on it’s 62 kWh battery everyday
would total 16.12 MWh/year of energy. Drawing electricity for the charge from the grid, the CO2 emissions for
this can be estimated from RETScreen software.7 For Hawaii, the factor is 0.800 metric tons CO2 /MWh. This
energy consumption equates to 12.90 metric tons of CO2 per year per van. The 2.5 vans needed to displace
CFHT’s current fleet of Toyotas would emit slightly more carbon at 32.2 metric tons CO2 compared to 29.9
metric tons CO2 .
Due to the state’s reliance on fossil fuels for electricity generation, electric vehicles that charge off the grid
still would have a reliance on fossil fuels and have no net reductions in carbon emissions. However, like a few

Table 1. Vehicle distribution and usage per year.

Vehicle
Category

Vans

Pickups

Large
SUVs

Sedans

Uses

Number
of Vehicles

Miles per
Vehicle

kg CO2
per Mile

Average
Miles Per
Vehicle

66,203

Total
Yearly
metric
tons CO2
29.88

Vans are used to shuttle
groups of people from the
base facility and the midlevel facility.
Pickups are used to move
trash, and maintenance
items from the base area
to the observatory.
These 4x4 vehicles are
used to ferry passengers
from the mid-level facility
to the observatory.
These vehicles are used to
transport small groups or
individuals from the base
facility to the mid-level facility.

5

45.14

13,242

2

15,433

11.43

74.06

7,717

4

14,878

8.69

58.42

3,719

3

30,119

8.87

29.46

10,040

other observatories on the Big Island, CFHT has solar panel installations. Using higher capacity vans would also
loose any benefits if they did not operate at close to capacity. Operating vans on a cross observatory basis with
vans departing from Kamuela and Hilo would probably have to be necessary to achieve this. Group purchase
of the vans would also share the $90,000 per van cost of the vehicles. There would be additional utility for the
vans since the Maunakea observatories have commenced Kama’aina Tours for Hawaii residents starting January
of 2016. As a carbon reduction strategy, EVs would have to be part of a bigger strategy involving renewable
energy generation and collaborative fleet usage. Collaboration is a necessity since EVs would likely need to top
off when parked at the mid-level MKSS buildings.

3.3 Biofuels
Most of the observatories’ fleets run on gasoline. The state of Hawaii had an ethanol mandate, which required
gasoline sold in the state to have a 10% mix of ethanol. However it was repealed at the end of 2015 due to a
lack of local ethanol production capability.8 Biodiesel is produced on the Big Island by Pacific Biodiesel and
remains to be the top alternative for biofuels as a renewable energy sources.9 B20, which is 20% biofuels is the
most common variant. It would however require buying new vehicles capable of using biodiesel.
From a 1998 study of biodiesel by the National Renewable Energy Laboratory, the life cycle consumption of
fossil fuels reduces proportionally to the mix of biodiesel.10 The feed stock from this study was soybean oil, while
locally produced biodiesel can also use recycled oils and fats since Pacific Biodiesel’s process has the flexibility
for variable feed stock. Using plant feed stock has the advantage of using recently sequestered carbon in plants,
however there is a greater cost in water and irrigation to grow the soybean for processing. Processing biodiesel
relies on methanol which is derived from natural gas.

Table 2. Fossil fuel consumption of different blends of diesel.10

Blend

Diesel

Fossil Fuel Used per
1 MJ of Fuel Product
1.200

Ratio of Fuel Product to Fossil Fuel
Used
0.83

B20

1.020

0.98

B100

0.311

3.22

Carbon emissions from biodiesel are greater than that for diesel both in the life cycle of the fuel and in
tailpipe emissions, however, a much lower percentage is attributable to fossil fuels.
Table 3. Tailpipe and total life cycle CO2 for petroleum diesel and biodiesel (g CO2 /bhp-h).10

Fuel

Total Life
Cycle
Biomass
CO2
0.00

Total Life
Cycle
CO2

Tailpipe
Fossil
CO2

Tailpipe
Biomass
CO2

Total
Tailpipe
CO2

Diesel

Total Life
Cycle
Fossil
Fuel CO2
633.28

633.28

548.02

0.00

548.02

%
of
Total
CO2 from
Tailpipe
86.54 %

B100

136.45

543.34

679.78

30.62

543.34

573.96

84.43%

Since biodiesel relies on fossil fuel feed stock, especially for blends much less than B100, the retail price of
biodiesel largely follows trends for diesel. Using biodiesel for observatory vehicles would not free fleet operations
from fossil fuel price volatility.

4. BUILDING ENERGY CONSUMPTION
The largest contributor to CFHT’s carbon footprint comes from building energy consumption. CFHT has two
facilities on the Big Island, a base facility in Kamuela at 3,000 foot elevation and the observatory at the summit
of Maunakea. Using a carbon emissions factor of 0.800 metric tons CO2 /MWh from RETScreen 4 software in
Appendix C, emissions can be calculated from energy consumption. RETScreen is software provided for free by
Energy Resources Canada of the Canadian government. This carbon emissions factor in RETScreen takes into
account the fuel mix for electricity production in Hawaii. The software is typically used for renewable energy
systems analysis.
CFHT’s Kamuela facility, pictured in Figure 3, has a 99,975 watts AC photo-voltaic installation on it’s roof,
which was completed in May 2014 by Renewable Energy Services of Honoka’a, HI.11 From Appendix B, Table
8, the Kamuela building used 143 MWh from the period of April 2015 to March 2016. However, 100 MWh was
provided by the building’s solar panels. For the year, 43 MWh were provided by the grid. In carbon emissions
the Kamuela building put out 34.69 metric tons CO2 , however 79.62 tons CO2 were offset by the solar panels.
The majority of CFHT’s energy use and thus carbon impact comes from the observatory on the summit.
The top floor of the observatory housing the telescope is enclosed by the dome part of the structure. The dome
structure temperature usually hovers around 0 degrees C, achieved by cooling the floor on the 5th floor. For the
same 12 month period, the summit facility used 1029 MWh of energy. The daily average power load is 118 kW.
Among the largest measurable contributors to the load are an instrument glycol chiller unit and a 30kVa 3 phase
UPS that powers most of the computing equipment and electronics, Appendix D. Those two items account for
24 kW of load.
In terms of carbon, the 1029 MWh consumed at the summit equates to 823.55 metric tons of CO2 annually.
The Maunakea summit is tied to the Big Island’s electric grid, so the RETScreen carbon factor can be used for

Figure 3. CFHT headquarters in Kamuela, HI. Photo courtesy Tom Benedict.

Figure 4. CFHT dome on the summit of Maunakea.

the calculation. For comparison, the Big Island has an active volcano; one year of running CFHT’s observatory
facility is roughly 1/10 of the CO2 coming out of Mauna Loa per day.12

Table 4. Building carbon footprint contributions

Location
Summit

Offset by Solar
Panels
N/A

CO2 Footprint in
metric tons CO2
823.55

Kamuela

79.62

34.69

Total

79.62

858.24

5. DATA CENTER OPERATIONS
5.1 Two Server Rooms
CFHT runs two server rooms, one in Kamuela and one at the summit. Both are large contributors to the
building carbon footprint. Since the servers have monitoring capabilities and extensive spec sheets, their impact
can be estimated. The Kamuela data room also received some efficiency upgrades in 2015, enough data points
are available now for a comparison.
As of December 2015, there were 48 servers in the Kamuela server room and 25 in the summit room, see
Appendix E, Table 11. The summit’s 30 kVa UPS currently handles all of the load for the CFHT servers
at the summit. Measurements were made with no computing load on the UPS on Sept 8, 2015. Additional
measurements were recorded on Nov 30th, when there were 20 servers attached to the UPS. The servers were a
mix of vintages. Additional peripherals such as flat screen monitors were also on the load. For 20 servers at the
summit, the load was 3680 watts, Appendix E, Table 13.
To estimate the computing power usage in Kamuela, the summit load can be multiplied by 2.5 for the
corresponding number of servers. The Kamuela server room does not have the same power load monitoring
data from the UPS, so the value must be estimated. Summit servers also run slightly more load per server
since the chassis and CPU fans operate at a higher RPM to compensate for the air properties at high altitude.
CFHT’s computing load estimates to 12,880 Watts between the two sites. Operating continuously for a year, the
energy consumption is 112.83 MWh. Multiplying by the carbon factor, the equivalent is 90.26 metric tons CO2 .
Breaking down between the two sites, it’s 25.79 metric tons CO2 for the summit and 64.47 metric tons CO2 for
Kamuela. It’s worth noting that CFHT’s solar panels at the Kamuela facility more than offsets the server room
computing in the building.
Table 5. Computing resources carbon contributions to building totals

Location
Summit

Energy Consumption in MWh
32.24

CO2 Footprint in
metric tons CO2
25.79

Kamuela

80.59

64.47

Total

112.83

90.26

5.2 Power Use Efficiency
While these calculations reflect the load from the computers themselves, a server room or facility has other
power demands such as lighting and air handling to keep the servers from overheating. The ratio of Total
Facility Energy/Information Equipment Energy is called Power Use Efficiency, or PUE for short. A facility
running at the highest level of efficiency such as a large cloud provider like Amazon AWS can run at a PUE of
1.2.13 At the other extreme, it could run at 3 or worse if a facility has over-sized equipment and not a lot of
computing. A PUE of 1 is perfect with only the Information Equipment Energy contributing to the Total Facility
Energy. For a PUE metric to be of any use, a facility’s computing system would also have to run at maximum

capacity. Having an ideal ratio is not beneficial if servers are running idle. Other strategies to increase server
utilization would have to be employed along with power efficiency measures such as using virtual machines and
containers for slicing up computing resources.

5.3 Power Efficiency Measures at Kamuela Facility
In 2015, a project focused on using Kamuela’s consistent and mild climate for passive cooling of the Kamuela
server room. A room air conditioner was relegated as a backup cooling device and replaced with intake and
exhaust fans, which were able to provide sufficient cooling for the server room. The fans work with a reorganization of the computer room into hot aisles and cold aisles to draw air from an intake and out the building. PVC
curtains were used to separate the hot and cold aisles and gaps in the server racks were blocked off with movable
plastic sheeting, thereby forcing air to flow through the servers. By using outside air, the reduction in energy
use from minimal use of the air conditioner allows for a greater portion of building operations to be supplied
by the solar panel installation. The Kamuela server room effectively runs at close to a PUE of 1 since the only
major contributions to Total Facility Energy on top of the servers themselves are the intake and exhaust fans
and the LED lighting.

Figure 5. Computer room before installation of partitioning curtains and after PVC curtains were sourced and used to
segregate cold and hot aisles.

Having been installed at the end of September 2015, a comparison of the energy consumption for April 2015
to September 2015 versus October 2015 to Mar 2016 gives an idea of the reduction in energy use and carbon
offset from decommissioning the room air conditioner.

Table 6. Comparison before (April 2015 - September 2015) and after (October 2015 - March 2016) switch to passive
cooling of Kamuela server room.

6 Month Period
Apr 2015 - September 2015
October 2015 March 2016
Energy Reduction

Energy Consumption in kWh
30560

CO2 Footprint in
metric tons CO2
24.45

12800

10.24

17760

Carbon Emissions
Reduced

14.21

6. EMPLOYEE AIR TRAVEL
The flight data for this analysis came from a software program Concur, and the emissions were calculated using
a carbon calculator from the International Civil Aviation Organisation (ICAO), a United Nations specialized
agency. The calculator uses information from the CORINAIR database for fuel emissions based on plane type.
Once the departure and destination airports are provided, it averages the fuel emissions for the planes that go
on the route, then uses the distance traveled along with the average number of passengers and the passenger to
cargo ratio to deduce how much of the emissions are due to a single individual.
The total carbon emissions for CFHTs air travel in 2015 was approximately 150.09 metric tons for 562 flights.
This is equivalent to the approximate emissions of 34 cars over the course of one year.14
Air travel emissions can be reduced or offset in several ways. One method is to eliminate very short flights
when there are other more environmentally conservative options. For example, a flight from Nanaimo to Vancouver is 51 kilometers and produces 14.58 kilograms of carbon, while a ferry traveling the same distance only
produces around 10.2 kilograms.15 A ferry between Victoria and Vancouver produces around 12.6 kilograms,
while a flight going between the two cities produces 16.71 kilograms of carbon.15 Moreover, a ferry from Vancouver to Victoria costs $16.25, while a flight costs $151, and a flight from Nanaimo to Vancouver costs over $200,
while a ferry costs $14. Alternatives to flying can reduce carbon emissions, and can also be far cheaper. Notably,
however, for longer distances, flying produces fewer emissions than traveling by car. For example, traveling a
distance of 398 kilometers, a flight from Amsterdam to Paris produces 56.28 kilograms of carbon, while the same
distance by car (and any drive would be longer because roads arent direct routes) produces 91.11 kilograms.
Another way to reduce emissions from flights, and travel altogether, is to participate in more conferences
via video. Online video conferences produce much less carbon than flying to the conferences and attending
physically.
Furthermore, one could offset their carbon emissions through purchasing carbon offsets, or by planting trees.
An acre of trees can sequester around 50.8 metric tons of carbon.16 Therefore, to offset the corporation’s carbon
emissions gained through air travel, CFHT would need to plant around three acres of trees. Alternatively, CFHT
could purchase carbon offsets. Carbon offsets are donations to programs that work to restore or preserve natural
environments, improve energy efficiency, develop renewable energies, alleviate poverty in developing countries,
and other similar activities that would ultimately improve environmental conditions and reduce pollution. A
company may choose a program it supports and donate to it or give a general donation to a foundation working
on several projects, and this counterbalances it’s carbon emissions.

7. SUMMARY
While the largest contributor to CFHT’s carbon footprint is the summit building energy consumption, other
aspects are also significant contributors; travel being a bigger contributor than computing or fleet operations.

There are many ideas for reducing and placing importance on carbon footprints. Before giving credence to
those and taking action, it is important to first break down the carbon footprints of CFHT so we can get a
picture of the observatories impact from operating in Hawaii and on Maunakea.

Air Travel 150.09

14%

Kamuela Building 34.69
3%

6%

77%

Observatory Building 823.55

Vehicle Fleet 58.88

Figure 6. Breakdown of CFHT carbon footprints in metric tons CO2 .

Computing - 25.79
97%

3%

Figure 7. Summit computer servers share of building carbon footprint in metric tons CO2 .

Computing - 64.47

56%

44%

Figure 8. Kamuela computer servers share of building carbon footprint in metric tons CO2 . Chart is based on 114.31
metric tons of CO2 calculated from building energy consumption and before subtraction of offsets from energy generated
by solar panels.

30%

Solar Panels - 79.62
70%

Figure 9. Offsets from solar panel installation on Kamuela building energy consumption, in metric tons CO2 .

Apr 2015 - Sep 2015 - 24.45

70%

Oct 2015 - Mar 2016 - 10.24

30%

Figure 10. Share of annual carbon emissions from Kamuela facility six months prior to installation of passive cooling
system in server room and six months after installation, in metric tons CO2 .

APPENDIX A. CFHT VEHICLE INFORMATION
Table 7. CFHT vehicle models and fuel efficiency

Vehicle

Type

Miles Per Gallon

2008 Ford Expedition

SUV

15.3

2012 Ford Expedition

SUV

14.3

2000 Chevy Silverado

Truck

11.0

2003 Chevy Silverado

Truck

11.1

2006 Chevy Uplander

Van

18.3

2008 Toyota Sienna

Van

19.7

2010 Toyota Sienna

Van

19.4

2011 Toyota Sienna

Van

19.9

2012 Toyota Sienna

Van

19.5

2002 Saturn LW300

Sedan

22.5

2013 Hyundai Elantra GT

Sedan

29.8

APPENDIX B. ENERGY CONSUMPTION FROM HELCO UTILITIES BILLS FROM
APRIL 2015 TO MARCH 2016
Table 8. Kamuela building energy consumption from HELCO bill

Billing
Month
Apr 15

Grid Usage in kWh
4000

Solar Panel Generation in kWh
9200

Total Energy Usage
in kWh
13200

May 15

3360

8880

12240

Jun 15

6400

7760

14160

Jul 15

5680

7600

13280

Aug 15

5040

8480

13520

Sep 15

6080

7200

13280

Oct 15

960

10000

10960

Nov 15

880

8880

9760

Dec 15

4320

6080

10400

Jan 16

3200

8400

11600

Feb 16

2320

8400

10720

Mar 16

1120

8640

9760

Total

43360

99520

142880

Table 9. Summit energy consumption from HELCO bill

Billing
Month
Apr 15

Usage in kWh
91840

May 15

84160

Jun 15

88640

Jul 15

80320

Aug 15

88960

Sep 15

83520

Oct 15

85120

Nov 15

80000

Dec 15

85120

Jan 16

87680

Feb 16

89920

Mar 16

84160

Total

1029440

APPENDIX C. RETSCREEN 4 EMISSIONS ANALYSIS TAB FOR BIG ISLAND
ELECTRIC GENERATION FUEL MIX

Figure 11. RETScreen software emissions by fuel type and carbon emissions factors.

APPENDIX D. SUMMIT POWER LOADS

Figure 12. Glycol power load for the first week of Nov 2015. This is from a chiller servicing observatory instruments.
Another glycol chiller cools the 5th floor observatory floor and has a higher power demand, but the equipment has not
been integrated into the observatory monitoring system.

Table 10. Liebert NX 3 phase 30 kVa UPS apparent power output in watts

Output Power L1

3000.0

Output Power L2

3400.0

Output Power L3

2600.0

APPENDIX E. COMPUTER SERVERS AND POWER LOADS
Table 11. CFHT servers, data collected Dec 2015

Kamuela

Summit

Servers

48

25

Virutal Host Servers

7

2

Storage Servers

13

2

Storage

269.4 TB

13.2 TB

total cores

284

114

single core

4

2

dual core

3

5

quad core

19

11

6 core

1

1

8 core

17

5

12 core

2

1

16 core

2

0

Table 12. Summit computing power load measured from a 3 phase Liebert NX 30 KVA UPS

Phase
Output Power L1

Load % on
9/8/2015
16

Power
(watts)
1260

Load % on
11/30/2015
39

Power
(watts)
3100

Computing
Load (watts)
1840

Output Power L2

31

2500

41

3300

800

Output Power L3

24

1960

37

3000

1040

total

3680

Input voltage on UPS is 400V at 20 amps, each phase supports an 8000 watt load.

APPENDIX F. TRAVEL CARBON FOOTPRINT BREAKDOWN
Table 13. metric tons of CO2 from air travel by group

Group

travelers

kilometers
travelled
37406

flights

2

metric ton of
CO2
3.20

admin
affiliate

31

58.16

755354

199

astro

8

22.86

280418

85

executive

4

27.82

351543

111

instrument

4

11.14

127901

40

mse project office

4

17.10

207622

71

operations

2

4.70

59493

19

software

3

5.10

62794

21

Total

58

150.09

1882531

562

16

Affiliates are travellers who are interns, visiting astronomers, persons visiting for instrument comissioning, and
board members.
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