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Executive Summary
Algae are considered to be a viable crop for biofuel production because of their projected high
productivity rates, their ability to grow in a wide range of water qualities, and their potential for
cultivation on land unsuitable for food production. Increased demand for biofuels has increased
interest in growing algae in Hawaii for biofuels.
An analysis of algae production potential in the state of Hawaii was conducted considering
annual rainfall, solar insolation, slope, zoning, and contiguous land area requirements. Values
for these criteria were based on published data and input from the algae industry. Geographic
information system technology was used to identify lands statewide where rainfall is less than 40
inches per year, solar insolation is at least 400 cal/cm2/day, slope is less than or equal to 20%,
zoning is non-residential, and contiguous area is at least 1,000 acres. A sensitivity analysis was
performed with rainfall ≤60 inches per year and all other criteria and processes at previous
settings. A second sensitivity analysis was conducted for Hawaii Island only with rainfall
increased to ≤120 inches per year and solar insolation decreased to ≥250 cal/cm2/day. Acreages
resulting from each analysis are summarized in Table ES - 1 and Table ES - 2. Values range
from 705 acres on Lanai (condition of slope ≤ 2% and rainfall < 40 in/yr) to 201,670 acres on
Hawaii Island (conditions where slope ≤ 20% and rainfall < 40 in/yr). Lands meeting the Base
Case criteria where slope ≤ 2% and polygon contiguous area ≥1,000 acres were found only on
the islands of Kauai and Oahu. Results were mapped with potential production resources such as
combustion power plants, landfills, and wastewater treatment plants. Results were also overlaid
on maps of Agricultural Lands of Importance to the State of Hawaii (ALISH).
Table ES - 1. Summary of acreages by island resulting from each analysis. Minimum
contiguous area 50 acres.
Sensitivity Sensitivity
Analysis
Base Case Base Case Base Case Base Case
Analysis 1 Analysis 2
Solar Insolation
2
(cal/cm /day)
≥ 400
≥ 400
≥ 400
≥ 400
≥ 400
≥ 250
< 40 in/yr < 40 in/yr < 40 in/yr < 40 in/yr < 60 in/yr < 120 in/yr
Rainfall
≤ 20%
≤ 5%
≤ 5%
≤ 2%
≤ 5%
≤ 5%
Slope
50 acres
50 acres
50 acres
50 acres
50 acres
Minimum Area 50 acres
Proximity to
10 km
Power Plant
Kauai
24,740
8,840
2,691
3,697
15,485
Oahu
54,876
24,295
16,327
5,311
32,256
Molokai
70,148
12,650
8,114
898
12,649
Lanai
26,972
7,938
7,938
705
7,936
Maui
109,571
26,799
25,692
2,923
27,224
Hawaii
201,670
36,638
16,152
2,135
46,867
57,853
Total
487,977
117,160
76,914
15,669
142,417

i

Table ES - 2. Summary of acreages by island resulting from each analysis. Minimum
contiguous area 1,000 acres.
Sensitivity Sensitivity
Analysis
Base Case Base Case Base Case Base Case
Analysis 1 Analysis 2
Solar Insolation
2
(cal/cm /day)
≥ 400
≥ 400
≥ 400
≥ 400
≥ 400
≥ 250
< 40 in/yr < 40 in/yr < 40 in/yr < 40 in/yr < 60 in/yr < 120 in/yr
Rainfall
≤ 20%
≤ 5%
≤ 5%
≤ 2%
≤ 5%
≤ 5%
Slope
Minimum Area 1,000 acres 1,000 acres 1,000 acres 1,000 acres 1,000 acres 1,000 acres
Proximity to
10 km
Power Plant
Kauai
19,697
5,833
0
1,439
8,567
Oahu
49,281
15,649
11,846
1,643
19,173
Molokai
67,911
5,560
5,512
0
5,560
Lanai
22,457
7,182
7,182
0
7,182
Maui
103,415
19,965
19,720
0
19,965
Hawaii
135,711
21,794
13,334
0
24,284
31,271
Total
398,472
75,983
57,594
3,082
84,730
In the state of Hawaii, there is ample land meeting the criteria necessary for algae production in
open ponds. Most of those lands are also designated as ALISH.
Agricultural lands may be necessary for certain algae production systems, for example, those that
incorporate animal feed as a byproduct. Use of non-ALISH lands for algae production, such as
the Hawaii Island lava lands, however, will maximize the productivity of Hawaii’s limited land
resources.
The scope of this report was to assess land area in Hawaii with potential for producing algae
phototrophically in open ponds. This study does not address many of the implementation issues
that will be critical to such endeavor, including water availability and cost, land availability, land
use priorities, impacts on environmental quality, economic impacts, and algae production costs.
The impact of each of these issues merits additional study whether to provide information to
guide government policy or investment in algae production ventures.
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1. Introduction
Hawaii is the most isolated island archipelago in the world and the most fossil fuel-dependent
state in the nation. In 2009, over 90% of Hawaii’s electricity was generated from fossil fuels [1].
Having no indigenous fossil fuel resources, Hawaii imports all of its fossil fuels. This
geographic isolation and import dependence put Hawaii at risk from interruptions in supply and
fluctuations in fuel prices. In recognition of this energy security dilemma, Hawaii’s state
lawmakers established a renewable energy portfolio standard, which calls for 40% of the state’s
electricity to be obtained from renewable sources by 2030.
The State of Hawaii is not the only government entity whose policies are increasing demand for
renewable energy. The U.S. military is also expanding use of alternative energy and biofuels to
reduce dependence on fossil fuels. By 2016 the Navy plans to sail a “Great Green Fleet”
composed of ships and aircraft powered by biofuels [2]. Also by 2016, the Air Force plans to
acquire 50% of its domestic aviation fuel from an alternative fuel blend [3]. The enormous
quantities of fuel demanded by the military alone have garnered great interest in biofuel
production.
One biofuel crop identified for potential use in the transportation sector is algae. Like plants,
algae can employ photosynthesis to convert solar energy, water, and carbon dioxide (CO2) for
cellular energy and biomass production and release oxygen as a byproduct. Some algae produce
lipids (oils) that can be refined into biodiesel, jet fuel, or other fuels. Alternatively, the entire
algae biomass can be used as fuel. The algae most commonly used for biofuel production are
microalgae, microscopic photosynthetic organisms.
Algae are deemed a superior crop for biofuel production because of their projected high
productivity rates, their ability to grow in a wide range of water qualities, and their potential for
cultivation on land unsuitable for food production. While the mechanism of photosynthesis in
microalgae is similar to that of terrestrial plants, they are generally more efficient converters of
solar energy because of their simple cellular structure. In addition, because algae cells grow in
an aquatic habitat, they have more efficient access to water, CO2, and other nutrients. This is
why microalgae are capable of producing significantly more oil per unit area of land, compared
to terrestrial crops [4]. Algae species naturally occur in aquatic habitats of all salinities ranging
from fresh to brackish to marine, so algae production need not utilize large quantities of potable
water. Growing in water also means that algae production does not require the use of arable land
which could otherwise be used for food production.
Microalgae are commonly grown in open ponds or in enclosed systems such as photobioreactors
(PBR). Open pond systems are relatively simple and low cost to build, but they are vulnerable to
the introduction of pests and competing algae species. PBR require higher construction costs,
but they offer greater control over the growth environment.
Besides an aquatic habitat, production of microalgae requires nutrients – primarily carbon, but
also nitrogen, phosphorous, and potassium. A potentially beneficial, low cost, abundant source
1

of carbon is the flue gas of a combustion power plant, which typically contains ~10 – 17% CO2
and is otherwise unutilized prior to being released into the atmosphere as waste. This method is
already in practice in Israel, where microalgae producer Seambiotic has co-located its algae
production ponds adjacent to combustion power plants and utilizes the flue gas as a carbon
source [5].
A second potential source of carbon and other nutrients for algae production lies in treated
wastewater. NASA’s OMEGA project proposes growing microalgae in plastic bags floating on
the ocean surface fed by treated wastewater from a nearby coastal wastewater treatment plant
[6]. Like power plant flue gas, utilizing treated wastewater to grow microalgae for biofuel
production would convert a waste form of carbon into a high-density, energetic liquid (natural
oil).
Algae have long been researched as a potential source of renewable energy. From 1978 to 1996,
the U.S. Department of Energy funded a program to develop renewable transportation fuels from
algae. The main focus of the program, known as the Aquatic Species Program (ASP), was the
production of biodiesel from high lipid-content algae grown in ponds utilizing CO2 from coal
fired power plants. Key areas of ASP research conducted through the National Renewable
Energy Laboratory (NREL) included:
 collection of algae species that produced oil, and also algae that grew under severe
conditions such as extremes of temperature, pH, and salinity;
 demonstration of open pond systems for mass production of microalgae; and
 resource availability [4].
NREL’s algae research terminated in 1996 due to budget cuts while the cost of producing
transportation fuel from algae was still much higher than the cost of petroleum. NREL’s
microalgal biomass research has recently been reinstated due to spikes in oil prices and renewed
interest in renewable energy and energy security at the federal level.
Algae research has long identified Hawaii as a prime location for algae production due to the
state’s sub-tropical climate and ample sunshine. Proximity to marine waters also provides a
cheap and abundant source of water for growing algae in Hawaii. These climatic factors coupled
with the state’s renewable energy portfolio standards have led to great interest in growing algae
for biofuels in Hawaii.
There are already a number of algae producers in the state of Hawaii. Cyanotech Corporation
has been growing Spirulina platensis and Haematococcus pluvialis microalgae in open ponds in
Kona on Hawaii Island for the nutraceutical market since 1983. On the island of Maui, BioReal
is producing Haematococcus for nutraceuticals in a closed reactor system. General Atomics has
partnered with Hawaii BioEnergy, LLC on a project funded by the Defense Advanced Research
Projects Agency (DARPA) to demonstrate open pond production of algae for biofuels on Kauai
adjacent to the Kapaia Power Station. Cellana, LLC, owned by HR BioPetroleum, utilizes both
closed photobioreactors and open ponds to grow algae at its pilot facility in Kona. Cellana is
planning a commercial facility on Maui near the Maalaea Power Plant. On the island of Oahu,
Phycal is planning to grow algae for biofuels in Wahiawa.

2

As the State of Hawaii plans for increased use of renewable energy sources, including biomass
such as algae, and as algae producers seek to locate algae production facilities in Hawaii, the
need is growing for objective information on the potential for algae production in the state.
Nowhere in the world is judicious land use planning as imperative as it is in Hawaii, with a
limited land area isolated by thousands of miles of open ocean. The State of Hawaii is tasked
with providing stewardship for the islands and guiding development to ensure a safe, equitable,
and efficient pattern of land use that balances the needs of all the islands’ residents for food,
energy, housing, enterprise, and conservation. The purpose of this study is to provide objective
information regarding land suitable for open pond, microalgal biofuels production in Hawaii so
that all parties, public and private, can make sound land use decisions.
The objective of this study is to identify lands that might be suitable for algae production in the
state of Hawaii. Relevant criteria include: slope, rainfall, solar insolation, contiguous polygon
area, and zoning. This information can support state and county government decisions regarding
algae industry development and provide a basis for algae producers’ decisions on locating
facilities.
2. Methods
ESRI’s ArcGIS 9.3 Geographic Information System (GIS) software was used to identify lands in
the state of Hawaii meeting the following Base Case criteria for growing phototrophic
microalgae in open ponds:
 Rainfall < 40 inches per year;
 Solar insolation ≥ 400 cal/cm2/day;
 Slope ≤ 20%;
 Non-residential zoning; and
 Contiguous parcels of land >1,000 acres.
All GIS data sources and data sets used are discussed in detail in Appendix A. The criteria were
selected as follows:
2.1 Rainfall
Algae production facilities that receive no more than 40 inches of rain per year can minimize the
dilution of algae stock in open ponds. In contrast, the U.S. Department of Energy (DOE)
National Algal Biofuels Technology Roadmap [7] suggests that algae production occur in
regions where rainfall is > 40 inches per year to ensure availability and sustainability of water
resources. With ample marine water available and the proven record of Cyanotech in arid
Kailua-Kona, the lower rainfall criterion (≤40 in/yr) is used in this study specific to Hawaii.
However, the use of marine water in algae production ponds presents a different set of
challenges. Evaporation in this case may cause higher pond salinity, which might be mitigated
by rainfall. This set of conditions was explored by conducting a sensitivity analysis to identify
regions where solar insolation is still adequate, but rainfall is greater, up to 60 inches per year.
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2.2 Solar insolation
High rates of algae production will require ample solar insolation. A minimum of 4.65
kWhr/m2/day (equivalent to 400 cal/cm2/day) was identified by Benemann et al. [8] as desirable
in order to achieve sustained high growth rates
2.3 Slope
Algae production in open ponds commonly requires land with a slope no greater than 2% to
avoid significant earthmoving costs during pond construction [8,9,10]. U.S. DOE (2010) cites a
5% maximum slope. A range of maximum slopes (1, 2, 3, 4, 5, 7.5, 10, 15, and 20%) are
investigated in hopes of improved technology enabling their use. Only elevations below 3,000
feet were included in analyses to ensure a “frost-free” climate.
2.4 Zoning
Algae production is likely to be prohibited in residential areas. Most other zones, however,
could potentially allow some algae production. In this study, state land use zones identified as
conducive to the production of algae in open ponds include the agricultural and conservation
districts, although production in the conservation district may be restricted based on site specific
conditions. County industrial zones and county zones where aquaculture was listed as a
permitted land use were also included.
Lands within tsunami evacuation areas were included in the analysis under the assumption that
algae grown in large scale production facilities would naturally occur in Hawaiian waters, i.e. no
genetically modified organisms or alien species. Thus, if algae were to escape the ponds due to
birds, tsunami, or other reasons, there would be no risk of foreign species entering Hawaiian
ecosystems. If phototrophic algae were transported to the water table, they would not survive
due to lack of sunlight.
2.5 Contiguous Area
Growing algae for biofuels on a commercial scale will require a minimum but still ill-defined,
growing area. A minimum of 1,000 contiguous acres was assumed necessary to gain economies
of scale. However, including only polygons larger than 1,000 acres in the results would
eliminate many other polygons that could potentially be suitable. For example, if two 900 acre
polygons were separated by a short hill of steep slope, they might be considered viable for algae
production at a total of 1,800 acres, but they would be excluded from the results because of the
1,000 acre minimum criterion. To avoid excluding potentially viable polygons in this manner,
the minimum polygon size was set at 50 acres.
2.6 Potential Nutrient Sources
Potential nutrient sources such as combustion power plants, landfills, and wastewater treatment
plants (WWTP) were mapped with results of the analysis to identify more favorable production
areas.
2.7 Validating Criteria
Algae production experts in Hawaii were interviewed to validate the criteria used in this analysis.
Dr. Adelheid Kuehnle of Kuehnle AgroSystems, Dr. Gerald Cysewski of Cyanotech, and Dr.
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Xiaoxi Wu of General Atomics provided feedback after being briefed on the criteria and
preliminary findings.
Land ownership was not considered in any of the analyses.
2.8 Sensitivity Analyses
A sensitivity analysis was conducted to determine how results differed when the Base Case
criteria were altered. For the Sensitivity Analysis 1 case, the rainfall criterion was loosened to
include areas where annual rainfall is less than 60 inches. All other criteria remained the same as
the Base Case analysis.
A second sensitivity analysis was conducted to illustrate the effect of relaxing both the rain and
solar insolation criteria. Sensitivity Analysis 2 case was performed using solar insolation levels
≥250 cal/cm2/day and rainfall < 120 inches per year. This analysis was restricted to land with
slope ≤10% and was performed only for the island of Hawaii. The criteria for each of the
analyses are listed in Table 1.
Table 1. Physical and political criteria for algae production used in each analysis.
Analysis
Criteria
Base Case
Sensitivity Analysis 1 Sensitivity Analysis 2
Rainfall
< 40 in/yr
< 60 in/yr
< 120 in/yr
Solar Insolation
≥ 400 cal/cm2/day
≥ 400 cal/cm2/day
≥ 250 cal/cm2/day
Slope Range
≤ 20%
≤ 20%
≤ 5%
Zoning
Non-residential
Non-residential
Non-residential
Islands included
All
All
Hawaii Island
2.9 GIS Analysis Process
The GIS analysis was conducted as a series of screening processes. Lands meeting the physical
criteria of rainfall, solar insolation, and slope were initially identified and advanced to the next
step. Lands unsuitable for algae production due to state and county zoning restrictions were
subsequently removed (see Appendix A for details). In a third operation, polygons that were
smaller than 50 acres were removed. Finally, areas identified as “Reserves” by the State of
Hawaii Statewide GIS Program, such as national parks or forest reserves, were excluded from
the results and polygons that were smaller than 50 acres were again removed.
Locations of supply points of potential production inputs such as power plants, wastewater
treatment plants (WWTP), and landfills were overlaid with the results. Transportation distances
from these supply points to land areas suitable for algae production were evaluated.
Results were then overlaid on ALISH (Agricultural Lands of Importance to the State of Hawaii)
soil data to illustrate where land suitable for algae production coincides with land suitable for
conventional forms of agriculture [11]. ALISH is the land classification system most commonly
used to identify or illustrate lands suitable for agriculture in Hawaii. Lands included in the
“Prime Lands” category have soil type, climate, and moisture regime (including rainfall or
5

availability of irrigation water) that can support conventional agriculture. Lands included in the
“Other Lands” category are excluded from “Prime” designation due to any number of
deficiencies, such as high slope, lack of water, or poor soil type. In cases of limited land
resources, the production of algae on lands that are not suitable for other types of agriculture
may expand overall land productivity. Maps displaying potential algae production lands overlaid
on ALISH data illustrate areas of intersection.
2.10 Minimum power plant capacity
The minimum power plant capacity necessary to supply CO2 to 1,000 acres of algae production
ponds was calculated according to equation (1). Supplying CO2 to 1,000 acres of algae
production ponds would require a minimum combustion power plant of ~ 8 MW, assuming

14 % of the algae facility area will be used for roads, utilities, etc.

algal productivity of 25 g/m2/day

algae dry matter is 50% C by weight

the power plant is fueled by diesel (87% carbon by weight) and operates
with 30% efficiency

transfer efficiency of CO2 from flue gas to algae is 100%.

power plant operates for 330 days per year.

 0.86 ac pond   10,000 m 2 pond   25 g dry matter 
   2
  
 
1000 ac facility  
1
ac
facility
2
.
47
ac
pond
m
pond

day


 
 
 0.5 g C a lg ae   1 g C fuel   1 g diesel   1 kg diesel 

  
  
  
 
 1 g dry matter   1 g C a lg ae   0.87 g C fuel   1000 g diesel 

(1)

 45 MJ thermal   365 day   1 day   1 hr   0.3 MWelectrical 
  7.8 MWelectrical

  
  
  
  
 1 kg diesel   330 day   24 hr   3,600 sec   1 MWthermal 
Note that this is a sample calculation and the value would be impacted by changing the
assumptions shown above, e.g. biomass has a lower carbon content and biomass power plants
typically operate with a lower overall efficiency. CO2 handling and delivery and the method
used to transfer CO2 to the ponds and algae will clearly have a large impact on power plant size.
The assumed value of 100% efficiency supports the calculation of a minimum power plant size,
and reductions in efficiency will necessarily increase the required size of the power plant. One
of the state’s combustion power plants, Gay & Robinson sugar factory on Kauai, does not meet
the 8 MW minimum capacity.
3. Results
Acreages and distribution of the lands meeting the criteria of each analysis are presented below
for each island.
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3.1 Kauai
This section summarizes the results for land areas on Kauai identified as having potential for
algae production.
3.1.1 Base Case
Table 2 summarizes the acreage resulting from each stage of the analysis for the island of Kauai
using the Base Case criteria at various slope levels. The data in Table 2 and the tables that
follow in the results for other islands are all arranged in the same manner as described below.
The first two data columns in the table show the number of acres meeting the physical
requirements for rainfall, solar insolation, and slope. The first column shows the total acreage of
lands meeting the physical criteria, and the second column displays the area of the largest single
polygon within that total. The third and fourth columns in the table show how many acres meet
the rainfall, solar insolation, slope, and zoning criteria. The fifth and sixth columns in the table
show the number of acres meeting the rainfall, solar insolation, slope, and zoning criteria that are
in polygons with an area of at least 50 acres. The seventh and eighth columns in the table show
the number of acres meeting the criteria of the previous step exclusive of “Reserve” areas.
The slope data in Table 2 and the tables that follow are classified by the maximum included
slope. For example, in Table 2, the 15,383 total acres meeting the rainfall, solar insolation, and
slope criteria with slope ≤ 5% includes the 13,019 acres meeting the ≤ 4% slope criteria.
Table 2 presents the acreage resulting from each stage of the analysis for the island of Kauai
using the Base Case criteria at various slope levels. There are 8,840 acres meeting the Base
Case criteria on Kauai with slope ≤ 5%. There are 3,697 acres on Kauai meeting the Base Case
criteria for algae production lands with slope ≤ 2%. Thus slopes ≤ 2% can be utilized to amass
1,000 contiguous acres of algae production lands on Kauai.
Distribution of the land areas meeting the Base Case criteria on Kauai are shown in maps labeled
Figure 1 to Figure 4. All lands meeting the Base Case criteria on Kauai are located on the south
west coast of the island between Poipu and Barking Sands [Figure 1 to Figure 4]. When slope is
limited to a maximum of 5% or 2%, most of the lands meeting the Base Case criteria are located
on flat coastal lands owned by the State of Hawaii [Figure 1 to Figure 3].
Table 2. Acreage on the island of Kauai included in each stage of the analysis using the Base
Case criteria at various slope levels.
Rainfall, Solar,
Reserves
Slope
Zoning
Area ≥ 50 acres
Removed
Slope
(%)
Largest
Largest
Largest
Largest
Sum
Polygon
Sum Polygon Sum Polygon Sum
Polygon
≤2
7,416
1,439
6,669
1,439 4,353
1,439
3,697
1,439
≤ 5 15,383
8,290 13,560
6,556 10,277
6,556
8,840
5,833
≤ 10 23,855
10,859
*
*
*
*
*
*
≤ 20 34,475
23,246 31,683 11,144 29,025 11,144 24,740
8,705
* : This stage of the analysis was not conducted at this slope level.
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Table 3 presents acreages of potential algae production lands meeting the Base Case criteria that
are located within 10 km of a combustion power plant. There are two combustion power plants
on Kauai that are in the vicinity of land meeting the Base Case criteria: Port Allen Generating
Station and the Gay & Robinson sugar factory. At a capacity of 4 MW, the Gay & Robinson
sugar mill is not large enough to supply CO2 to 1,000 acres of algae production ponds. CO2 from
Port Allen Generating Station would have to be transported more than 5 km [Table 3] to service
1,000 contiguous acres of potential algae production lands on Kauai.
Table 3. Acreages on Kauai meeting the Base Case criteria within 10 km of a combustion power
plant.
Potential Algae Production Lands
Slope ≤ 5%
Island
Power Plant
Capacity
Acreage within
Acreage
10 km
within 5 km
Kauai Port Allen Generating
100 MW
Station
1,732
985
Gay Robinson
4 MW
2,691
976
Total Area*
2,691
1,654
* : The two areas overlap. Total entered is geometric union of the areas.
On the island of Kauai, most lands suitable for algae production with slopes ≤ 2% or ≤ 5% are
ALISH Prime lands in the Kekaha region [Figure 4]. This sunny and arid region is made fertile
by the addition of water provided by the Kekaha Ditch Irrigation System [12].
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Figure 1. Map of potential algae production lands on Kauai meeting the criteria of rainfall < 40 in/yr, solar insolation ≥ 400
cal/cm2/day, slope ≤ 20%, non-residential zoning, and contiguous area ≥ 50 acres. Reserve areas are excluded. Numbers on colored
areas indicate their size in acres.
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Figure 2. Map of potential algae production lands on Kauai meeting the criteria of rainfall < 40 in/yr, solar insolation ≥ 400
cal/cm2/day, slope ≤ 5%, non-residential zoning, and contiguous area ≥ 50 acres. Reserve areas are excluded. Numbers on colored
areas indicate their size in acres.
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Figure 3. Map of potential algae production lands on Kauai meeting the criteria of rainfall < 40 in/yr, solar insolation ≥ 400
cal/cm2/day, slope ≤ 2%, non-residential zoning, and contiguous area ≥ 50 acres. Reserve areas are excluded. Numbers on colored
areas indicate their size in acres.
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Figure 4. Map of potential algae production lands on Kauai meeting Base Case criteria where slope ≤ 5% and slope ≤ 2% overlaid
with Agricultural Lands of Importance to the State of Hawaii.
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3.1.2 Sensitivity Analysis 1
Table 4 presents acreages on Kauai meeting the criteria of Sensitivity Analysis 1, in which the
rainfall constraint was increased to 60 inches per year and all other criteria remained constant.
When the rainfall criteria is relaxed to 60 inches per year, a total of 15,485 acres on Kauai can be
considered potential algae production lands at a maximum slope of 5% [Table 4]. This is an
increase of 6,645 acres over the Base Case criteria [Table 2] at the same slope.
Distribution of the land areas on Kauai meeting the criteria of Sensitivity Analysis 1 is shown in
Figure 5. Relaxing the rainfall criteria on Kauai includes coastal lands from Poipu east and north
to Anahola [Figure 5]. Nearly all land on Kauai identified as potential algae production land is
also designated ALISH [Figure 4 to Figure 5].
Table 4. Acreage on the island of Kauai included in each stage of Sensitivity Analysis 1 at
various slope levels.
Reserves
Zoning
Area ≥ 50 acres
Removed
Slope Rain, Solar, Slope
(%)
Largest
Largest
Largest
Largest
Sum
Polygon
Sum
Polygon
Sum
Polygon
Sum
Polygon
≤ 2 12,066
1,439 10,056
1,439
5,230
1,439 4,574
1,439
≤ 5 28,849
7,081 23,415
6,556 16,931
6,556 15,485
5,826
≤ 20 61,360
23,798 52,508
11,144 47,849
11,144 43,378
8,705
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Figure 5. Map of potential algae production lands on Kauai meeting Base Case (orange) and Sensitivity Analysis 1 (orange and blue)
criteria where slope ≤ 5%, rainfall < 60 in/yr, solar insolation ≥ 400 cal/cm2/day, non-residential zoning, and contiguous area ≥ 50
acres. Reserve areas are excluded.
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3.2 Oahu
This section summarizes the results for land areas on Oahu identified as having potential for
algae production.
3.2.1 Base Case
Table 5 presents the acreage resulting from each stage of the analysis for the island of Oahu
using the Base Case criteria at various slope levels. There are 24,295 acres meeting the Base
Case criteria on Oahu with slope ≤ 5%. There are 5,311 acres on Oahu meeting the Base Case
criteria for algae production lands with slope ≤ 2%. Thus, to amass 1,000 acres of algae
production lands on Oahu, slopes ≤ 2% can be utilized.
Distribution of the land areas meeting the Base Case criteria on Oahu are shown in maps labeled
Figure 6 to Figure 16. Lands meeting the Base Case criteria on Oahu are located predominantly
in the southwest and north of the island [Figure 6 - Figure 16].
Table 5. Acreage on the island of Oahu included in each stage of the analysis using the Base
Case criteria at various slope levels.
Rainfall, Solar,
Reserves
Slope
Zoning
Area ≥ 50 acres
Removed
Slope
(%)
Largest
Largest
Largest
Largest
Sum
Polygon
Sum
Polygon
Sum
Polygon
Sum
Polygon
≤2
24,512
2,577 13,880
1,643
5,373
1,643
5,311
1,643
≤5
56,396
13,846 32,433
4,164 24,568
4,164 24,295
4,158
≤ 10
81,060
23,610
*
*
*
*
*
*
≤ 20 100,323
77,549 61,146
10,690 56,273
19,455 54,876
19,532
* : This stage of the analysis was not conducted at this slope level.
Table 6 presents acreages of potential algae production land on Oahu meeting the Base Case
criteria that are located within 10 km of a combustion power plant. There are several
combustion power plants on Oahu in the vicinity of land with the potential for algae production
meeting the Base Case criteria: Kahe Power Plant, Waiau Power Plant, Honolulu Power Plant,
H-Power, AES Hawaii, Kalaeloa Cogen Plant, and the new Campbell Industrial Park Generating
Station. CO2 from any power plant on Oahu would have to be transported up to 5 km [Table 6]
to provide the amount required for 1,000 contiguous acres of potential algae production lands.
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Table 6. Acreages on Oahu meeting Base Case criteria within 10 km of a combustion power
plant.
Potential Algae Production Lands
Slope ≤ 5%
Island
Power Plant
Capacity
Acreage within Acreage within 5
10 km
km
Oahu Kahe Power Plant
600 MW
7,834
919
Waiau Power Plant
475 MW
8,959
1,146
H Power*
64 MW
5,952
2,257
Honolulu Power Plant
105 MW
3,214
869
Total**
16,327
4,272
*: H Power is used as a proxy for all of the power plants in Campbell Industrial Park.
**: The areas overlap. Total entered is geometric union of the areas.
Most lands on Oahu suitable for algae production with slopes ≤ 2% or ≤ 5% are ALISH lands
[Figure 14 to Figure 16]. However, there are some areas in the vicinity of Campbell Industrial
Park where potential algae production lands with slope ≤ 5% are located outside of ALISH
boundaries [Figure 15]. These lands are also well within a 10 km radius of 5 of the island’s
largest fossil fuel burning power plants.
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Figure 6. Map of potential algae production lands in southeastern Oahu meeting the criteria of rainfall < 40 in/yr, solar insolation ≥
400 cal/cm2/day, slope ≤ 20%, non-residential zoning, and contiguous area ≥ 50 acres. Reserve areas are excluded. Numbers on
colored areas indicate their size in acres.
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Figure 7. Map of potential algae production lands in southwestern Oahu meeting the criteria of rainfall < 40 in/yr, solar insolation ≥
400 cal/cm2/day, slope ≤ 20%, non-residential zoning, and contiguous area ≥ 50 acres. Reserve areas are excluded. Numbers on
colored areas indicate their size in acres.

18

Figure 8. Map of potential algae production lands in northern Oahu meeting the criteria of rainfall < 40 in/yr, solar insolation ≥ 400
cal/cm2/day, slope ≤ 20%, non-residential zoning, and contiguous area ≥ 50 acres. Reserve areas are excluded. Numbers on colored
areas indicate their size in acres.
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Figure 9. Map of potential algae production lands in northern Oahu meeting the criteria of rainfall < 40 in/yr, solar insolation ≥ 400
cal/cm2/day, slope ≤ 5%, non-residential zoning, and contiguous area ≥ 50 acres. Reserve areas are excluded. Numbers on colored
areas indicate their size in acres.
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Figure 10. Map of potential algae production lands in southeastern Oahu meeting the criteria of rainfall < 40 in/yr, solar insolation ≥
400 cal/cm2/day, slope ≤ 5%, non-residential zoning, and contiguous area ≥ 50 acres. Reserve areas are excluded. Numbers on
colored areas indicate their size in acres.
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Figure 11. Map of potential algae production lands in southwestern Oahu meeting the criteria of rainfall < 40 in/yr, solar insolation ≥
400 cal/cm2/day, slope ≤ 5%, non-residential zoning, and contiguous area ≥ 50 acres. Reserve areas are excluded. Numbers on
colored areas indicate their size in acres.
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Figure 12. Map of potential algae production lands in northern Oahu meeting the criteria of rainfall < 40 in/yr, solar insolation ≥ 400
cal/cm2/day, slope ≤ 2%, non-residential zoning, and contiguous area ≥ 50 acres. Reserve areas are excluded. Numbers on colored
areas indicate their size in acres.

23

Figure 13. Map of potential algae production lands in southern Oahu meeting the criteria of rainfall < 40 in/yr, solar insolation ≥ 400
cal/cm2/day, slope ≤ 2%, non-residential zoning, and contiguous area ≥ 50 acres. Reserve areas are excluded. Numbers on colored
areas indicate their size in acres.
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Figure 14. Map of potential algae production lands in southeastern Oahu meeting Base Case criteria where slope ≤ 5% and slope ≤
2% overlaid with Agricultural Lands of Importance to the State of Hawaii.
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Figure 15. Map of potential algae production lands in southwestern Oahu meeting Base Case criteria where slope ≤ 5% and slope ≤
2% overlaid with Agricultural Lands of Importance to the State of Hawaii.
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Figure 16. Map of potential algae production lands in northern Oahu meeting Base Case criteria where slope ≤ 5% and slope ≤ 2%
overlaid with Agricultural Lands of Importance to the State of Hawaii.
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3.2.2 Sensitivity Analysis 1
Table 7 presents lands on Oahu meeting the criteria of Sensitivity Analysis 1, in which rainfall
was increased to 60 inches per year and all other criteria remained constant. When the rainfall
criteria is relaxed to allow up to 60 inches per year, a total of 32,256 acres on Oahu can be
considered potential algae production lands with slope ≤ 5% slope [Table 7]. This is an increase
of 7,961 acres over the Base Case criteria [Table 5].
Distribution of the land areas on Oahu meeting the criteria of Sensitivity Analysis 1 is shown in
Figure 17. Relaxing the rainfall criteria on Oahu expands acreage to include lands in Central
Oahu near Wahiawa. Most potential algae production lands on Oahu are also designated ALISH
[Figure 14 to Figure 17]. The only potential algae production lands on Oahu outside of ALISH
boundaries are found in and near heavily industrialized areas such as Campbell Industrial Park
and Honolulu International Airport.
Table 7. Acreage on the island of Oahu included in each stage of Sensitivity Analysis 1 at
various slope levels.
Reserves
Zoning
Area ≥ 50 acres
Removed
Slope Rain, Solar, Slope
(%)
Largest
Largest
Largest
Largest
Sum
Polygon
Sum Polygon Sum
Polygon
Sum
Polygon
≤ 2 30,033
2,571 17,873
1,643
6,393
1,643
6,324
1,643
≤ 5 73,346
14,403 45,012
4,164 32,676
4,164 32,256
4,158
≤ 20 140,366
91,708 90,528 21,345 81,983
21,345 79,957 21,089
.
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Figure 17. Map of potential algae production lands on Oahu meeting Base Case (orange) and Sensitivity Analysis 1 (orange and blue)
criteria where slope ≤ 5%, rainfall < 60 in/yr, solar insolation ≥ 400 cal/cm2/day, non-residential zoning, and contiguous area ≥ 50
acres. Reserve areas are excluded.
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3.3 Molokai
This section summarizes the results for land areas on Molokai identified as having potential for
algae production.
3.3.1 Base Case
Table 8 presents the acreage resulting from each stage of the analysis for the island of Molokai
using the Base Case criteria at various slope levels. There are 12,650 acres meeting the Base
Case criteria on Molokai with slope ≤ 5%. There are only 898 acres meeting the Base Case
criteria for algae production lands on Molokai with slope ≤ 2%. Thus, to amass 1,000 acres of
algae production lands on Molokai, slopes over 2% must be utilized.
Distribution of the land areas on Molokai meeting the Base Case criteria are shown in maps
labeled Figure 18 to Figure 20. Lands meeting the Base Case criteria on Molokai are located
predominantly in the central and western regions of the island. Under the 20% slope criterion,
potential algae production lands stretch across the entire western half of the island from
Kaunakakai to Papohaku Beach [Figure 18]. When slope is limited to ≤ 5% or ≤ 2%, potential
algae production lands are restricted to the island’s central plain and a few small parcels in the
west [Figure 19 to Figure 20].
Table 8. Acreage on the island of Molokai included in each stage of the analysis using the Base
Case criteria at various slope levels.
Rainfall, Solar,
Reserves
Slope
Zoning
Area ≥ 50 acres
Removed
Slope
(%)
Largest
Largest
Largest
Largest
Sum
Polygon
Sum Polygon Sum Polygon
Sum
Polygon
≤2
5,762
388
5,441
388
898
388
898
388
≤5
23,594
3,177 22,447
3,177 12,906
3,177 12,650
3,177
≤ 10
51,385
20,103
*
*
*
*
*
*
≤ 20
77,334
71,286 74,457 65,042 71,453 65,042 70,148
64,348
Table 9 presents acreages of potential algae production lands meeting the Base Case criteria on
Molokai that are located within 10 km of a combustion power plant. Palaau Generating Station
on the island’s southern coast and to the west of Kaunakakai is the only combustion power plant
on Molokai. CO2 from Palaau Generating Station would have to be transported ≤5 km [Table 9]
to service 1,000 contiguous acres of potential algae production lands.
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Table 9. Acreages on Molokai meeting Base Case criteria within 10 km of a combustion power
plant.
Potential Algae Production
Lands Slope ≤ 5%
Island
Power Plant
Capacity
Acreage
Acreage
within 10 km
within 5 km
Molokai Palaau Generating
15 MW
Station
8,114
3,157
Total
8,114
3,157
On Molokai, most potential algae production lands with slopes ≤ 2% or ≤ 5% are ALISH lands
[Figure 21]. However, there are approximately 1,000 contiguous acres of potential algae
production lands with slope ≤ 5% within 5 km of Palaau Generating Station that are not
classified as ALISH.
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Figure 18. Map of potential algae production lands on Molokai meeting the criteria of rainfall < 40 in/yr, solar insolation ≥ 400
cal/cm2/day, slope ≤ 20%, non-residential zoning, and contiguous area ≥ 50 acres. Reserve areas are excluded. Numbers on colored
areas indicate their size in acres.
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Figure 19. Map of potential algae production lands on Molokai meeting the criteria of rainfall < 40 in/yr, solar insolation ≥ 400
cal/cm2/day, slope ≤ 5%, non-residential zoning, and contiguous area ≥ 50 acres. Reserve areas are excluded. Numbers on colored
areas indicate their size in acres.
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Figure 20. Map of potential algae production lands on Molokai meeting the criteria of rainfall < 40 in/yr, solar insolation ≥ 400
cal/cm2/day, slope ≤ 2%, non-residential zoning, and contiguous area ≥ 50 acres. Reserve areas are excluded. Numbers on colored
areas indicate their size in acres.
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Figure 21. Map of potential algae production lands on Molokai meeting Base Case criteria where slope ≤ 5% and slope ≤ 2% overlaid
with Agricultural Lands of Importance to the State of Hawaii.
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3.3.2 Sensitivity Analysis 1
On Molokai, relaxing the rainfall criteria to 60 inches per year while leaving all other criteria
constant does not identify any additional lands for algae production.
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3.4 Lanai
This section summarizes the results for land areas on Lanai identified as having potential for
algae production.
3.4.1 Base Case
Table 10 presents the acreage resulting from each stage of the analysis for the island of Lanai
using the Base Case criteria at various slope levels. There are 7,938 acres meeting the Base
Case criteria on Lanai with slope ≤5%. There are only 705 acres meeting the Base Case criteria
for algae production lands with slope ≤2%. Thus, to amass 1,000 acres of algae production lands
on Lanai, slopes over 2% must be utilized.
Distribution of the land areas on Lanai meeting the Base Case criteria are shown in maps labeled
Figure 22 to Figure 24. Lands meeting the Base Case criteria on Lanai are located in the central
inland region.
Table 10. Acreage on the island of Lanai included in each stage of the analysis using the Base
Case criteria at various slope levels.
Rainfall, Solar,
Reserves
Slope
Zoning
Area ≥ 50 acres
Removed
Slope
(%)
Largest
Largest
Largest
Largest
Sum
Polygon
Sum Polygon Sum
Polygon
Sum
Polygon
≤2
3,124
387 2,804
387
705
387
705
387
≤ 5 13,371
3,056 12,073
2,850 8,428
2,850 7,938
2,765
≤ 10 31,361
16,915
*
*
*
*
*
*
≤ 20 60,605
54,455 56,613 47,321 52,698
47,321 26,972
19,563
* : This stage of the analysis was not conducted at this slope level.
Table 11 presents acreages of potential algae production lands on Lanai meeting the Base Case
criteria that are located within 10 km of a combustion power plant. The Miki Basin Power Plant
is the only combustion power plant on the island of Lanai. CO2 from Miki Basin Power Plant
would only have to be transported up to 5 km [Table 11] to service 1,000 contiguous acres of
potential algae production lands on Lanai, although not all of these acres have highly desirable
slope.
Table 11. Acreages on Lanai meeting Base Case criteria within 10 km of a combustion power
plant.
Potential Algae Production
Lands Slope ≤ 5%
Island
Power Plant
Capacity
Acreage within
Acreage
10 km
within 5 km
Lanai Miki Basin Power
10 MW
Plant
7,938
6,673
Total
7,938
6,673
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All potential algae production lands on Lanai with slopes ≤ 2% or ≤ 5% slope are ALISH lands
[Figure 25].
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Figure 22. Map of potential algae production lands on Lanai meeting the criteria of rainfall < 40 in/yr, solar insolation ≥ 400
cal/cm2/day, slope ≤ 20%, non-residential zoning, and contiguous area ≥ 50 acres. Reserve areas are excluded. Numbers on colored
areas indicate their size in acres.
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Figure 23. Map of potential algae production lands on Lanai meeting the criteria of rainfall < 40 in/yr, solar insolation ≥ 400
cal/cm2/day, slope ≤ 5%, non-residential zoning, and contiguous area ≥ 50 acres. Reserve areas are excluded. Numbers on colored
areas indicate their size in acres.
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Figure 24. Map of potential algae production lands on Lanai meeting the criteria of rainfall < 40 in/yr, solar insolation ≥ 400
cal/cm2/day, slope ≤ 2%, non-residential zoning, and contiguous area ≥ 50 acres. Reserve areas are excluded. Numbers on colored
areas indicate their size in acres.
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Figure 25. Map of potential algae production lands on Lanai meeting Base Case criteria where slope ≤ 5% and slope ≤ 2% overlaid
with Agricultural Lands of Importance to the State of Hawaii.
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3.4.2 Sensitivity Analysis 1
On Lanai, relaxing the rainfall criteria to 60 inches per year while leaving all other criteria
constant does not identify additional lands for algae production
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3.5 Maui
This section summarizes the results for land areas on Maui identified as having potential for
algae production.
3.5.1 Base Case
Table 12 presents the acreage resulting from each stage of the analysis for the island of Maui
using the Base Case criteria at various slope levels. There are 26,799 acres meeting the Base
Case criteria on Maui with slope ≤ 5%. There are 2,923 acres meeting the Base Case criteria for
algae production lands on Maui with slope ≤ 2%, but the total area consists of several relatively
small polygons ranging from 100 to 323 acres each. Thus, to amass 1,000 acres of algae
production lands on Maui, slopes over 2% may need to be utilized.
Distribution of the land areas on Maui meeting the Base Case criteria are shown in maps labeled
Figure 26 to Figure 28. Most lands meeting the Base Case criteria on Maui are located in the
central plain between Haleakala and the West Maui Mountains.
Table 12. Acreage on the island of Maui included in each stage of the analysis using the Base
Case criteria at various slope levels.
Rainfall, Solar,
Slope
Zoning
Area ≥ 50 acres
Reserves Removed
Slope
(%)
Largest
Largest
Largest
Largest
Sum
Polygon
Sum
Polygon
Sum
Polygon
Sum
Polygon
≤2
15,406
367
12,917
323
3,361
323
2,923
323
≤5
47,611
24,996
40,247
20,547
27,985
20,547
26,799
19,984
≤ 10
87,994
58,506
*
*
*
*
*
*
≤ 20 139,341
72,611 120,261
94,326 112,110
94,326 109,571
92,241
* : This stage of the analysis was not conducted at this slope level.
Table 13 presents acreages of potential algae production lands meeting the Base Case criteria on
Maui that are located within 10 km of a combustion power plant. There are three combustion
power plants on Maui within 8 miles of each other that are in the vicinity of land with the
potential for algae production meeting the Base Case criteria: Maalaea Power Plant, Hawaiian
Commercial & Sugar’s (HC&S) Puunene Mill, and Kahului Power Plant. Due to the close
proximity of Maui’s combustion power plants to each other and the low slope of the surrounding
terrain, there are over 15,000 acres of potential algae production lands within 5 km of a power
plant on Maui. CO2 from Maalaea Power Plant, HC&S Puunene Mill, or Kahului Power Plant
would only have to be transported ≤5 km [Table 13] to provide the amount required for 1,000
contiguous acres of potential algae production lands on Maui.
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Table 13. Acreages on Maui meeting Base Case criteria within 10 km of a combustion power
plant.
Potential Algae Production Lands
Slope ≤ 5%
Island
Power Plant
Capacity
Acreage within Acreage within
10 km
5 km
Maui Maalaea Power Plant
230 MW
18,676
6,839
HC&S Puunene Mill
46 MW
24,587
9,723
Kahului Power Plant
34 MW
19,215
3,852
Total*
25,692
15,424
*: The areas overlap. Total entered is geometric union of the areas.
On the island of Maui, most lands suitable for algae production with slopes ≤2% or ≤5% are
ALISH Prime and Other lands in the central plain between Haleakala and the West Maui
Mountains [Figure 4]. This sunny and arid region is made fertile by water provided by the East
Maui Irrigation System and the West Maui Irrigation System [12].
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Figure 26. Map of potential algae production lands on Maui meeting the criteria of rainfall < 40 in/yr, solar insolation ≥ 400
cal/cm2/day, slope ≤ 20%, non-residential zoning, and contiguous area ≥ 50 acres. Reserve areas are excluded. Numbers on colored
areas indicate their size in acres.
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Figure 27. Map of potential algae production lands on Maui meeting the criteria of rainfall < 40 in/yr, solar insolation ≥ 400
cal/cm2/day, slope ≤ 5%, non-residential zoning, and contiguous area ≥ 50 acres. Reserve areas are excluded. Numbers on colored
areas indicate their size in acres.
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Figure 28. Map of potential algae production lands on Maui meeting the criteria of rainfall < 40 in/yr, solar insolation ≥ 400
cal/cm2/day, slope ≤ 2%, non-residential zoning, and contiguous area ≥ 50 acres. Reserve areas are excluded. Numbers on colored
areas indicate their size in acres.
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Figure 29. Map of potential algae production lands on Maui meeting Base Case criteria where slope ≤ 5% and slope ≤ 2% overlaid
with Agricultural Lands of Importance to the State of Hawaii.
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3.5.2 Sensitivity Analysis 1
Table 14 presents lands on Maui meeting the criteria of Sensitivity Analysis 1, in which rainfall
was increased to 60 inches per year and all other criteria remained constant. Relaxing the
rainfall criteria to 60 inches per year on Maui adds very little additional lands for algae
production [Table 14, Figure 30], in total an incremental 425 acres with slope ≤ 5%.
Distribution of the land areas on Maui meeting the criteria of Sensitivity Analysis 1 is shown in
Figure 30. Only three small, isolated polygons in Paia and northwest Maui are added by
increasing rainfall to 60 inches per year, and they are all designated as ALISH [Figure 30].
Table 14. Acreage on the island of Maui included in each stage of Sensitivity Analysis 1 at
various slope levels.
Rain, Solar, Slope
Zoning
Area ≥ 50 acres
Reserves Removed
Slope
Largest
Largest
Largest
Largest
(%)
Sum
Polygon
Sum
Polygon
Sum
Polygon
Sum
Polygon
≤2
15,919
367
13,406
323
3,361
323
2,923
323
≤5
50,949
24,996
43,444
20,547
28,675
20,547
27,224
19,965
≤ 20 158,468 116,614 138,518
99,632 125,539
99,632 119,442
97,547
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Figure 30. Map of potential algae production lands on Maui meeting Base Case (orange) and Sensitivity Analysis 1 (orange and blue)
criteria where slope ≤ 5%, rainfall < 60 in/yr, solar insolation ≥ 400 cal/cm2/day, non-residential zoning, and contiguous area ≥ 50
acres. Reserve areas are excluded.
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3.6 Hawaii Island
This section summarizes the results for land areas on Hawaii Island identified as having potential
for algae production.
3.6.1 Base Case
Table 15 presents the acreage resulting from each stage of the analysis using the Base Case
criteria for the island of Hawaii at various slope levels. There are 36,638 acres meeting the Base
Case criteria on Hawaii Island with slope ≤ 5%. There are over 2,135 acres meeting the Base
Case criteria for algae production lands on Hawaii Island with slope ≤ 2%, but that total consists
of several relatively small polygons. As evidence of this, the largest polygon is 374 acres [Table
15]. Thus, to amass 1,000 acres of algae production lands on Hawaii Island, slopes over 2% may
need to be utilized.
Distribution of the land areas on Hawaii Island meeting the Base Case criteria are shown in maps
labeled Figure 31 to Figure 46. Lands on Hawaii Island meeting the Base Case criteria span
across the leeward side of the island from Kohala in the north to Waimea, down the coast to
Kona, and around South Point into Kau [Figure 31 to Figure 46].

Table 15. Acreage on Hawaii Island included in each stage of the analysis using the Base Case
criteria at various slope levels.
Rainfall, Solar,
Slope
Zoning
Area ≥ 50 acres
Reserves Removed
Slope
(%)
Largest
Largest
Largest
Largest
Sum
Polygon
Sum
Polygon
Sum
Polygon
Sum
Polygon
≤ 2 26,089
374
22,385
370
2,321
374
2,135
374
≤ 5 111,530
10,237
98,806
10,042
46,358
10,041
36,638
10,041
≤ 10 250,184 124,541
*
*
*
*
*
*
≤ 20 345,664 201,095 312,129 100,662 305,950 164,365 201,670 103,667
* : This stage of the analysis was not conducted at this slope level.
Table 16 presents acreages of potential algae production lands meeting the Base Case criteria on
Hawaii Island that are located within 10 km of a combustion power plant. There are two
combustion power plants on Hawaii Island in the vicinity of land meeting the Base Case criteria
for potential algae production: Waimea Generating Station and Keahole Generating Station.
CO2 from Keahole Generating Station or Waimea Generating Station would have to be
transported ≤5 km to service 1,000 contiguous acres of potential algae lands on Hawaii Island
with ≤5% slope [Table 16].
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Table 16. Acreages on Hawaii Island meeting Base Case criteria within 10 km of a combustion
power plant.
Potential Algae Production Lands
Slope ≤ 5%
Island
Power Plant
Capacity
Acreage within Acreage within
10 km
5 km
Hawaii Waimea Generating Station
8 MW
11,208
2,976
Keahole Generating Station
54 MW
4,944
3,976
Total
16,152
6,952
Most of the potential algae production lands on Hawaii Island with slopes ≤ 2% or ≤ 5% are not
designated as ALISH [Figure 43 to Figure 46]. On the Waimea plains, approximately half of the
potential algae production lands are not designated as ALISH, and these lands are located to the
south of the Waimea-Kohala Airport [Figure 43]. Potential algae production lands on the Kohala
Coast, Kona Coast, and around South Point are predominantly non-ALISH lands with poor soil
development due to recent active volcanism [Figure 44 to Figure 46].
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Figure 31. Map of potential algae production lands in northern Hawaii Island meeting the
criteria of rainfall < 40 in/yr, solar insolation ≥ 400 cal/cm2/day, slope ≤ 20%, non-residential
zoning, and contiguous area ≥ 50 acres. Reserve areas are excluded. Numbers on colored areas
indicate their size in acres.

54

Figure 32. Map of potential algae production lands on Hawaii Island from South Kohala to North Kona meeting the criteria of rainfall
< 40 in/yr, solar insolation ≥ 400 cal/cm2/day, slope ≤ 20%, non-residential zoning, and contiguous area ≥ 50 acres. Reserve areas are
excluded. Numbers on colored areas indicate their size in acres.
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Figure 33. Map of potential algae production lands in Western Hawaii Island meeting the
criteria of rainfall < 40 in/yr, solar insolation ≥ 400 cal/cm2/day, slope ≤ 20%, non-residential
zoning, and contiguous area ≥ 50 acres. Reserve areas are excluded. Numbers on colored areas
indicate their size in acres.
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Figure 34. Map of potential algae production lands in Southern Hawaii Island meeting the criteria of rainfall < 40 in/yr, solar
insolation ≥ 400 cal/cm2/day, slope ≤ 20%, non-residential zoning, and contiguous area ≥ 50 acres. Reserve areas are excluded.
Numbers on colored areas indicate their size in acres.
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Figure 35. Map of potential algae production lands in the Waimea plain region, South Kohala, Hawaii Island meeting the criteria of
rainfall < 40 in/yr, solar insolation ≥ 400 cal/cm2/day, slope ≤ 5%, non-residential zoning, and contiguous area ≥ 50 acres. Reserve
areas are excluded. Numbers on colored areas indicate their size in acres.
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Figure 36. Map of potential algae production lands on Hawaii Island from South Kohala to North Kona meeting the criteria of rainfall
< 40 in/yr, solar insolation ≥ 400 cal/cm2/day, slope ≤ 5%, non-residential zoning, and contiguous area ≥ 50 acres. Reserve areas are
excluded. Numbers on colored areas indicate their size in acres.
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Figure 37. Map of potential algae production lands in Western Hawaii Island meeting the
criteria of rainfall < 40 in/yr, solar insolation ≥ 400 cal/cm2/day, slope ≤ 5%, non-residential
zoning, and contiguous area ≥ 50 acres. Reserve areas are excluded. Numbers on colored areas
indicate their size in acres.
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Figure 38. Map of potential algae production lands in Southern Hawaii Island meeting the criteria of rainfall < 40 in/yr, solar
insolation ≥ 400 cal/cm2/day, slope ≤ 5%, non-residential zoning, and contiguous area ≥ 50 acres. Reserve areas are excluded.
Numbers on colored areas indicate their size in acres.
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Figure 39. Map of potential algae production lands in the Waimea plain region, South Kohala, Hawaii Island meeting the criteria of
rainfall < 40 in/yr, solar insolation ≥ 400 cal/cm2/day, slope ≤ 2%, non-residential zoning, and contiguous area ≥ 50 acres. Reserve
areas are excluded. Numbers on colored areas indicate their size in acres.
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Figure 40. Map of potential algae production lands on Hawaii Island from South Kohala to North Kona meeting the criteria of rainfall
< 40 in/yr, solar insolation ≥ 400 cal/cm2/day, slope ≤ 2%, non-residential zoning, and contiguous area ≥ 50 acres. Reserve areas are
excluded. Numbers on colored areas indicate their size in acres.

63

Figure 41. Map of potential algae production lands in Western Hawaii Island meeting the
criteria of rainfall < 40 in/yr, solar insolation ≥ 400 cal/cm2/day, slope ≤ 2%, non-residential
zoning, and contiguous area ≥ 50 acres. Reserve areas are excluded. Numbers on colored areas
indicate their size in acres.
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Figure 42. Map of potential algae production lands in Southern Hawaii Island meeting the criteria of rainfall < 40 in/yr, solar
insolation ≥ 400 cal/cm2/day, slope ≤ 2%, non-residential zoning, and contiguous area ≥ 50 acres. Reserve areas are excluded.
Numbers on colored areas indicate their size in acres.
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Figure 43. Map of potential algae production lands in the Waimea plain region of South Kohala, Hawaii Island meeting Base Case
criteria where slope ≤ 5% and slope ≤ 2% overlaid with Agricultural Lands of Importance to the State of Hawaii.
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Figure 44. Map of potential algae production from South Kohala to North Kona, Hawaii Island meeting Base Case criteria where
slope ≤ 5% and slope ≤ 2% overlaid with Agricultural Lands of Importance to the State of Hawaii.
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Figure 45. Map of potential algae production in Western Hawaii Island meeting Base Case
criteria where slope ≤ 5% and slope ≤ 2% overlaid with Agricultural Lands of Importance to the
State of Hawaii.
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Figure 46. Map of potential algae production in Southern Hawaii Island meeting Base Case criteria where slope ≤ 5% and slope ≤ 2%
overlaid with Agricultural Lands of Importance to the State of Hawaii.
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3.6.2 Sensitivity Analysis 1
Table 17 presents lands on Hawaii Island meeting the criteria of Sensitivity Analysis 1, in which
rainfall was increased to 60 inches per year and all other criteria remained constant. Under these
criteria, a total of 46,867 acres on Hawaii Island can be considered potential algae production
lands at a maximum slope of 5% [Table 17]. This is an increase of 10,229 acres over the Base
Case criteria (rainfall ≤40 inches per year).
Distribution of the land areas on Hawaii Island meeting the criteria of Sensitivity Analysis 1 are
shown in maps labeled Figure 47 to Figure 53. Relaxing the rainfall criteria to 60 inches per
year on Hawaii Island identifies additional lands in Waimea, South Kona, and Kau [Table 17,
Figure 47 to Figure 53]. The additional lands in South Kona and Kau are not designated ALISH.
Table 17. Acreage on Hawaii Island included in each stage of Sensitivity Analysis 1 at various
slope levels.
Rain, Solar, Slope
Zoning
Area ≥ 50 acres
Reserves Removed
Slope
Largest
Largest
Largest
Largest
(%)
Sum
Polygon
Sum
Polygon
Sum
Polygon
Sum
Polygon
≤1
9,520
170
8,156
170
170
170
170
170
≤ 2 34,341
374 30,023
374
2,683
374
2,311
374
≤ 3 68,512
1,158 60,813
1,027 15,485
1,027 11,891
1,027
≤ 4 108,063
5,729 96,823
3,565 39,516
3,565 28,579
3,046
≤ 5 149,652 11,635 134,894 10,969 68,516 10,969 46,867
10,969
≤ 20 489,311 213,376 449,538 173,707 440,075 173,707 290,257 112,504
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Figure 47. Map of potential algae production lands on Hawaii Island meeting Base Case
(orange) and Sensitivity Analysis 1 (orange and blue) criteria where slope ≤ 5%, rainfall < 60
in/yr, solar insolation ≥ 400 cal/cm2/day, non-residential zoning, and contiguous area ≥ 50 acres.
Reserve areas are excluded.
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Figure 48. Map of potential algae production lands in the Waimea plain region, South Kohala, Hawaii Island meeting Base Case
(orange) and Sensitivity Analysis 1 (orange and blue) criteria where slope ≤ 5%, rainfall < 60 in/yr, solar insolation ≥ 400 cal/cm2/day,
non-residential zoning, and contiguous area ≥ 50 acres. Reserve areas are excluded.
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Figure 49. Map of potential algae production lands from South Kohala to North Kona, Hawaii Island meeting Base Case (orange) and
Sensitivity Analysis 1 (orange and blue) criteria where slope ≤ 5%, rainfall < 60 in/yr, solar insolation ≥ 400 cal/cm2/day, nonresidential zoning, and contiguous area ≥ 50 acres. Reserve areas are excluded.
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Figure 50. Map of potential algae production lands in Western Hawaii Island meeting Base Case
(orange) and Sensitivity Analysis 1 (orange and blue) criteria where slope ≤ 5%, rainfall < 60
in/yr, solar insolation ≥ 400 cal/cm2/day, non-residential zoning, and contiguous area ≥ 50 acres.
Reserve areas are excluded.
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Figure 51. Map of potential algae production lands in South Kona, Hawaii Island meeting Base
Case (orange) and Sensitivity Analysis 1 (orange and blue) criteria where slope ≤ 5%, rainfall <
60 in/yr, solar insolation ≥ 400 cal/cm2/day, non-residential zoning, and contiguous area ≥ 50
acres. Reserve areas are excluded.
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Figure 52. Map of potential algae production lands in Southern Hawaii Island meeting Base Case (orange) and Sensitivity Analysis 1
(orange and blue) criteria where slope ≤ 5%, rainfall < 60 in/yr, solar insolation ≥ 400 cal/cm2/day, non-residential zoning, and
contiguous area ≥ 50 acres. Reserve areas are excluded.
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Figure 53. Map of potential algae production lands in south eastern Hawaii Island meeting Base Case (orange) and Sensitivity
Analysis 1 (orange and blue) criteria where slope ≤ 5%, rainfall < 60 in/yr, solar insolation ≥ 400 cal/cm2/day, non-residential zoning,
and contiguous area ≥ 50 acres. Reserve areas are excluded.

77

3.6.3 Sensitivity Analysis 2
In Sensitivity Analysis 2, the solar insolation criteria was relaxed to a minimum of 250
cal/cm2/day, and the rainfall criteria was relaxed to allow 120 inches of rain per year. Slope was
limited to a maximum of 5%. Because the entire Island of Hawaii receives at least 250
cal/cm2/day of solar insolation, solar insolation was not a limiting factor in this analysis.
Table 18 summarizes land areas on Hawaii Island meeting the criteria of Sensitivity Analysis 2.
Relaxing the rainfall criteria to allow 120 inches of rain per year yields a total of 57,853 acres of
potential algae production lands at a maximum of 5% slope on Hawaii Island [Table 18]. This is
an increase of 21,215 acres and 10,986 acres over the Base Case and Sensitivity Analysis 1
criteria, respectively.
Distribution of the land areas on Hawaii Island meeting the criteria of Sensitivity Analysis 2 are
shown in maps labeled Figure 54 to Figure 56. The additional lands included by Sensitivity
Analysis 2 are located in Waimea, Kau, and Puna [Figure 54 to Figure 56]. The additional lands
in Waimea are designated ALISH, but the additional lands in Kau and Puna are not designated
ALISH.

Table 18. Acreage on Hawaii Island included in each stage of Sensitivity Analysis 2 at various
slope levels.
Rainfall, Solar,
Reserves
Slope
Zoning
Area ≥ 50 acres
Removed
Slope
(%)
Largest
Largest
Largest
Largest
Sum
Polygon
Sum
Polygon
Sum
Polygon
Sum
Polygon
≤1
12,394
170
10,985
170
170
170
170
170
≤2
44,344
374
39,878
374
3,672
374
3,245
374
≤3
88,458
1,158
80,501
1,027 19,109
1,027 15,013
1,027
≤ 4 139,892
5,729 128,293
3,565 48,417
3,565 35,166
3,157
≤ 5 193,898
14,295 178,719
13,630 84,421
13,630 57,853
13,630
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Figure 54. Map of potential algae production lands in the Waimea plain region, South Kohala, Hawaii Island where slope ≤ 5%, solar
insolation ≥250 cal/cm2/day, and rainfall < 120 in/yr (purple) overlaid with lands meeting Base Case (orange) and Sensitivity Analysis
1(orange and blue) criteria.
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Figure 55. Map of potential algae production lands in south eastern Hawaii Island where slope ≤ 5%, solar insolation ≥250
cal/cm2/day, and rainfall < 120 in/yr (purple) overlaid with lands meeting Base Case (orange) and Sensitivity Analysis 1 (orange and
blue) criteria.
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Figure 56. Map of potential algae production lands in the Puna region, Hawaii Island where slope ≤ 5%, solar insolation ≥250
cal/cm2/day, and rainfall < 120 in/yr (purple) overlaid with lands meeting Base Case (orange) and Sensitivity Analysis 1 (orange and
blue) criteria.
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4. Summary and Conclusions
An analysis of potential algae production lands in the state of Hawaii was conducted considering
rainfall, solar insolation, slope, zoning, and contiguous area criteria. ArcGIS was used to
identify lands statewide where rainfall is less than 40 inches per year, solar insolation is at least
400 cal/cm2/day, slope is less than or equal to 20%, zoning is non-residential, and contiguous
area is at least 1,000 acres. Results were mapped with potential nutrient sources such as
combustion power plants, landfills, and wastewater treatment plants. Results were also mapped
with Agricultural Lands of Importance to the State of Hawaii. A sensitivity analysis was
performed with rainfall up to 60 inches per year and all other criteria and processes at previous
settings. A second sensitivity analysis was performed for Hawaii Island only with rainfall
increased to 120 inches per year, slope ≤ 10%, and solar insolation ≥ 250 cal/cm2/day. Acreages
from each analysis are summarized in Table 19 and Table 20.
There is ample land meeting the criteria of all analyses when the minimum contiguous area is 50
acres. However, there are fewer lands meeting those same criteria when the minimum
contiguous area is restricted to 1,000 acres. For example, lands meeting the Base Case criteria
with slope ≤ 2% and contiguous area ≥ 1,000 acres are only found on the islands of Oahu and
Kauai.
Table 21 summarizes acreages meeting the Base Case criteria for potential algae production
lands within 10 km of a combustion power plant. In the state of Hawaii, there is ample land
meeting the criteria necessary for algae production in open ponds at slopes below 5% [Table 19,
Table 20, and Table 21]. Most of those lands are also designated as ALISH. Use of agricultural
lands may be favored for certain algae production systems, for example, those that incorporate
animal feed as a byproduct. Use of non-ALISH lands for algae production, such as the Hawaii
Island lava lands, however, will maximize the productivity of Hawaii’s limited land resources.
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Table 19. Summary of acreages by island resulting from each analysis. Minimum contiguous
area 50 acres.
Sensitivity Sensitivity
Analysis
Base Case Base Case Base Case Base Case
Analysis 1 Analysis 2
Solar Insolation
2
(cal/cm /day)
≥ 400
≥ 400
≥ 400
≥ 400
≥ 400
≥ 250
< 40 in/yr < 40 in/yr < 40 in/yr < 40 in/yr < 60 in/yr < 120 in/yr
Rainfall
≤ 20%
≤ 5%
≤ 5%
≤ 2%
≤ 5%
≤ 5%
Slope
50 acres
50 acres
50 acres
50 acres
50 acres
Minimum Area 50 acres
Proximity to
10 km
Power Plant
Kauai
24,740
8,840
2,691
3,697
15,485
Oahu
54,876
24,295
16,327
5,311
32,256
Molokai
70,148
12,650
8,114
898
12,649
Lanai
26,972
7,938
7,938
705
7,936
Maui
109,571
26,799
25,692
2,923
27,224
Hawaii
201,670
36,638
16,152
2,135
46,867
57,853
Total
487,977
117,160
76,914
15,669
142,417
Table 20. Summary of acreages by island resulting from each analysis. Minimum contiguous
area 1,000 acres.
Sensitivity Sensitivity
Analysis
Base Case Base Case Base Case Base Case
Analysis 1 Analysis 2
Solar Insolation
2
(cal/cm /day)
≥ 400
≥ 400
≥ 400
≥ 400
≥ 400
≥ 250
< 40 in/yr < 40 in/yr < 40 in/yr < 40 in/yr < 60 in/yr < 120 in/yr
Rainfall
≤ 20%
≤ 5%
≤ 5%
≤ 2%
≤ 5%
≤ 5%
Slope
Minimum Area 1,000 acres 1,000 acres 1,000 acres 1,000 acres 1,000 acres 1,000 acres
Proximity to
10 km
Power Plant
Kauai
19,697
5,833
0
1,439
8,567
Oahu
49,281
15,649
11,846
1,643
19,173
Molokai
67,911
5,560
5,512
0
5,560
Lanai
22,457
7,182
7,182
0
7,182
Maui
103,415
19,965
19,720
0
19,965
Hawaii
135,711
21,794
13,334
0
24,284
31,271
Total
398,472
75,983
57,594
3,082
84,730
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Table 21. Acreages statewide meeting Base Case criteria having slope ≤ 5% within prescribed
distances of combustion power plants.
5% Slope
Island
Power Plant
Acreage within Acreage within
10 km
5 km
Kauai
Port Allen Generating Station
1,732
985
Gay Robinson
2,691
976
Total*
2,691
1,654
Oahu
Kahe Power Plant
7,834
919
Waiau Power Plant
8,959
1,146
H Power
5,952
2,257
Honolulu Power Plant
3,214
869
Total*
16,327
4,272
Molokai Palaau Generating Station
8,114
3,157
Total
8,114
3,157
Lanai
Miki Basin Power Plant
7,938
6,673
Total
7,938
6,673
Maui
Maalaea Power Plant
18,676
6,839
HC&S Puunene Mill
24,587
9,723
Kahului Power Plant
19,215
3,852
Total*
25,692
15,424
Hawaii Waimea Generating Station
11,208
2,976
Keahole Generating Station
4,944
3,976
Total
16,152
6,952
Statewide Total
76,913
38,132
* : Areas overlap. Total entered is geometric union of the areas.
The scope of this report was to assess land area in Hawaii with potential for producing algae
phototrophically in open ponds. This has been accomplished at a level that does not address
many of the implementation issues that will be critical to such an endeavor, including water
availability and cost, land availability, land use priorities, impacts on environmental quality,
economic impacts, and algae production costs. Each of these merits additional study whether for
consideration in development of government policy or for investment in algae production
ventures.
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Appendix A: GIS Data and Processes
Data
Rainfall
Rainfall data for the state of Hawaii was obtained from the State of Hawaii’s Statewide GIS
Program’s [13] “rainfall_n83.shp” data set. The data was converted from line format to polygon
format, with each polygon’s value being the annual minimum rainfall in inches.
Solar Insolation
Solar insolation data was obtained from the State of Hawaii’s Statewide GIS Program’s
“solrad_n83.shp” data set. This GIS data was created by digitizing the State Department of
Planning and Economic Development, Energy Division’s 1985 “Sunshine Maps”, which were
based on old Hawaii Sugar Planters Association anemometer solar data collected from a number
of different sites. This aging data set may be less than ideal, but it was the only data available at
the time. The data set correlates well with topography and expected patterns of windward and
leeward cloud cover.
Slope
Slope was calculated from IfSAR elevation data [14]. With a 4.4 meter resolution, IfSAR
topographic data is far superior to USGS DEMs at 10 meter resolution.
One of the most important criteria for algae production siting is a frost-free winter [8]. The
USDA Hardiness Zones map [15] identifies Zone 11, which includes Honolulu, Hawaii, as
“frost-free” with an Average Annual Minimum Temperature above 40°F. The minimum
temperature of 40 °F is used to define “frost-free” because temperature observations are usually
made at a screen or shelter height of approximately five feet above the ground surface, and very
often the ground surface temperatures can be 4-8 °F less than the shelter readings [16]. Thus, to
ensure ground temperatures above 32 °F, air temperature should not dip below 40 °F.
Unfortunately, the USDA Hardiness Zones map is not available in formats compatible with GIS.
The thick outlining in the maps’ GIF and JPG forms prohibits digitizing from those images.
Although the Hardiness Zone map itself cannot be used, its methodology can be applied to
identify frost-free areas. Average Annual Minimum Temperature data (the same indicator used
by the USDA Hardiness Zones) and elevation data from all available sites in the state of Hawaii
from 1971 to 2000 were gathered and inserted in a scatter plot. A linear regression was then
applied to obtain an equation for the relationship between elevation and annual average
minimum temperature. Results indicate that the 40 °F frost-free line lies somewhere between
2,700 ft and 3,100 ft, most likely at approximately 3,000 ft. Elevations above 3,000 ft were then
removed from Hawaii Island slope data to ensure that only frost-free areas were included in the
analysis.
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Zoning
GIS data for the State Land Use Districts was obtained from the State of Hawaii Statewide GIS
Program’s website [13]. Gathering data for the county level zoning was not as simple and is
explained below for each county.
Kauai. The County of Kauai is currently working on county zoning GIS data, so the data is not
yet available to the public. However, the Kauai County Planning Office provided HNEI with the
county’s industrial-zoned TMKs (Limited Industrial and General Industrial districts) under the
assumption that it is a relatively small and unchanging data set unlikely to be altered during the
county’s GIS data editing and verification processes. No other county zoning data were
available for the island of Kauai, so the zones used in Kauai island analyses were the State Land
Use Agricultural and Conservation Districts, and the Kauai County industrial zones.
Oahu. City and County of Honolulu zoning GIS data is available for public use on the State of
Hawaii Statewide GIS Program’s website [13]. Oahu industrial zones Intensive Industrial (I-2)
and Waterfront Industrial (I-3) were included in zoning analyses. Oahu zones permitting
aquaculture include General Preservation (P-2), Restricted Agricultural (AG-1), General
Agricultural (AG-2), and Country (C). All of these zones listed above were applied in the Oahu
zoning analyses.
Molokai, Lanai, and Maui. Maui County is currently working on county zoning GIS data, so the
data is not yet available to the public. However, the Maui County Planning Department provided
HNEI with a list of all TMK parcels in the county’s industrial districts. No other county zoning
data was available for Maui County, so the zones used in Molokai, Lanai, and Maui island
analyses were the State Land Use Agricultural and Conservation Districts, and the Maui County
industrial zones.
Hawaii. County of Hawaii zoning GIS data is available for public use on the State of Hawaii
Statewide GIS Program’s website [13]. Industrial and other districts permitting aquaculture
selected for use in Hawaii Island zoning analyses include: Limited Industrial (ML), General
Industrial (MG), Residential and Agricultural (RA), Family Agricultural (FA), and Agricultural
(A).
For each island, the State Land Use data was combined with the county zoning data using the
“Union” tool to perform a geometric intersection of the two data sets, yielding a single data set
containing both state and county zones and identifying where the two sets overlap.
Other Data: Potential Production Resources
Landfills. Landfill GIS data was obtained from the State Office of Planning.
Power Plants. No government agency was able to share GIS data locating power plants in the
state of Hawaii. This data was created in-house. First, a list of all electricity generating units in
the state of Hawaii was obtained from the U.S. Dept of Energy at
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http://www.eia.doe.gov/cneaf/electricity/page/capacity/capacity.html. This list was refined by
removing electricity sources that did not involve combustion, such as solar, wind, hydro, and
geothermal. The Chevron and Tesoro plants were removed from the list because HECO
identifies those plants as “Non-firm generation (as available).” The list of combustion power
plants was cross referenced with HECO publications
(http://www.heco.com/vcmcontent/StaticFiles/pdf/Sustainable_AR_vflr.pdf) and a list of power
plants provided by the State of Hawaii DBEDT.
Each combustion power plant was located by conducting a Google web search using the power
plant’s name, such as “Maalaea Generating Station”. Results of the Google search using the
power plant’s name were examined to identify the power plant’s street address. The power
plant’s street address was then entered in Google Maps to see the power plant location. Google
Maps Street View was then used to verify that a power plant is located at that street address. A
Google image search using the power plant’s name was used to verify that the power plant seen
in Street View was in fact the correct power plant or structure. When Google Maps Street View
was not available on Molokai and Hawaii, Google Maps satellite view or georeferenced aerial
photos from SOEST were used to locate the power plant. In some cases, other documents found
in the Google web search were used to locate power plants using other geographic information
such as topology.
When the power plant was located in Google Maps, the location was then transferred to ArcMap
by matching the parcel boundaries in Google Maps with TMK parcel boundaries in ArcMap.
Location was verified again by confirming that the TMK selected was in fact owned by the
company operating the power plant, such as “Maui Electric Co Ltd” or “Hamakua Energy
Partners LP.” A point feature was created in the center of the TMK parcel containing the power
plant, or exactly on the power plant structure if it was visible.
Wastewater Treatment Plants (WWTP). WWTP GIS data was created based on a list of WWTP
provided by the State of Hawaii Department of Health identifying the facility name, street
address, TMK, design capacity (gallons per day), and current average flow (gallons per day).
The WWTP point shapefile was created by digitizing the point locations of all WWTPs in the
state of Hawaii identified by the State of Hawaii Department of Health. Name, TMK, and street
address attributes were used to locate each WWTP both in ArcMap and in Google Maps. In
some cases, the DOH spreadsheet listed the wrong street address or TMK, in which case that
information was corrected using Google Maps satellite view. A few of the WWTP identified in
the spreadsheet from DOH could not be located on the ground in Google Maps. This could be
due to a number of factors such as: changes in TMK numbers; errors in street address
information; or ambiguous street addresses such as “at the end of corn field near intersection of
Highways 460 & 470”.
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