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Executive Summary: 
 
Material Flow Analysis (MFA) is a widely used tool in the field of Industrial Ecology that helps 
practitioners understand how different types of materials flow in and out of the economy and the 
natural environment. It provides key information about the links between economic, ecological 
and social systems. In turn, this information can inform policymakers, the private sector, and the 
public with quantitative information to help make educated decisions to pursue sustainable 
development more effectively. This report provides a baseline MFA for the Island of Maui; the 
fourth island in the Hawaiian Island chain to be the subject of such a study by the Yale School of 
Forestry & Environmental Studies. 
 
This study relied on the EUROSTAT (2007) Compilation Guide for Economy-wide Material 
Flow Accounting as a framework for conducting MFA. The EUROSTAT framework breaks 
down material flows into three broad segments: 1) the domestic extraction of biomass, minerals 
and fossil fuels; 2) imports and exports; 3) outputs to the environment, including air emissions, 
wastewater effluent, and solid waste generation. 
  
The study finds that Maui, like the other Hawaiian Islands, heavily relies on imports. It imports 
roughly 70% of the materials it requires to operate.1

  

 The largest import and export into and out of 
Maui is “Fabricated Metal Products” according to the U.S. Army Corps of Engineers Waterborne 
data statistics, which are likely to be metal shipping containers filled with food, furniture, and 
other consumer goods. The largest sources of air emissions come from the power generation 
sector and the transportation sector, primarily in the form of CO2. Landfilled material was the 
second largest component of Maui’s domestic outputs, the largest portion of which was organics. 
However, the amount of organic waste is an order of magnitude less than CO2 emissions. This 
report also compares Maui’s recycling rate and per capita generation of municipal waste to the 
national and state averages, as well as that of three of its neighboring islands (Oahu, Kauai, and 
the Big Island). We found that Maui performs on the high end of municipal solid waste per 
capita, producing more than its neighbors. However, once visitors are accounted for, the 
municipal solid waste per capita drops to the low end of Hawai’i state averages. 
 
Given Maui’s dependence on imported food and fossil fuels, the report recommends a number of 
actions. It is recommended that the energy sector focus on demand-side management of the grid 
to increase the renewable energy penetration of the grid and take advantage of the abundance of 
renewable energy resources on the Island. Accurate data collection of material flows could be 
improved by establishing close relationships with Hawaiian shipping companies and closely 
cooperating with the 2012 USDA Agricultural Census given the lack of agricultural statisticians 
available to assess agricultural production on Maui. On a broader level, it is important to prevent 
conversion of agricultural land to non-agricultural uses in order to maintain a diversity of 
agricultural activities on Maui. The report finds that the livestock, waste, and agricultural sectors 
informally exchange materials to create synergistic effects and closed-loop systems. Maintaining 
diversity will help to preserve and encourage these established symbiotic relationships that are so 
crucial to the efficient allocation of scarce resources within and island system.  
 
Finally, this study is a baseline effort that it is hoped will provide a useful foundation for a 
Hawai’i state-wide material flow analysis to be conducted by Yale F&ES faculty and students in 
the coming years. 

                                                                 
1 Calculated from the material flow diagram. Please see Part 4 for detailed calculat ion.  
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1. Introduction and Objective  
 
Industrial Ecology is the study of energy and material flows through industrial systems. By 
applying a systematic, life-cycle approach to the flows of wastes and materials, it provides a 
useful lens for examining the sustainability of industrial systems by applying ecological concepts. 
A material flow analysis (MFA) is a widely used tool in the field of Industrial Ecology that helps 
practitioners understand how different types of materials flow in and out of the economy and the 
natural environment. The goal of MFA is to link economic and ecological systems to provide 
policymakers, the private sector, and the public with quantitative information to help make 
informed decisions about how to more effectively pursue sustainable development2

  
. 

Islands are optimal targets for this type of analysis, given that they generally have limited natural 
and human resources and are heavily dependent on imports from outside world. They face unique 
sustainability challenges and are highly vulnerable to disruptions of imports. Islands also have 
clearly defined boundaries and relatively less complex economic structures, making it possible to 
track and quantify flows of substances into and out of island systems. MFA thus can help to 
generate productive insights for optimizing material flows and pursuing sustainability for islands.  
 
Graduate student groups working in conjunction with the Center for Industrial Ecology at Yale 
have conducted MFAs for three Hawaiian islands: Kaua’i3, Oahu4 and the Big Island5

 

. In March 
2012, three student groups conducted MFAs on the three islands of Maui County: Maui, Moloka’i 
and Lana’i. The goal of this project is to conduct an MFA of the Island of Maui using primary 
and secondary sources of data. This project will also serve as basis for further investigation about 
MFA comparisons between islands. The main objectives of this project are listed as follows: 

1. To complete a material flow analysis for the Island of Maui and provide data for 
comparison between different Hawaiian Islands.  
 

2. To identify the most vulnerable areas in Maui’s material flow path and provide 
recommendations to reduce its vulnerability to external shocks and improve its resilience 
and self-sufficiency.  

 

2. Methodology 
 
This study will follow the methodology developed by EUROSTAT, which provides a clear and 
practical procedure for the compilation of material flows throughout an economy-wide system.6

                                                                 
2 Wernick, I., Irwin, F., Material Flows Accounts, A Tool for Making Environmental Policy. World 
Resources Institute, Washington D.C., 2005 

 
The methodology was chosen given its well-acknowledged scientific robustness. An economy-
wide Material Flow Analysis (MFA) accounts for all solid, gaseous, and liquid materials, except 

3 Diao Z., Dorji S., Kav lak G. and Zingale A. Material Flow Analysis for the Island of Kaua‟i, Industrial 
Ecology Class Paper. May 4, 2011. 
4 Eckelman M. and Chertow M., Linking Waste and Material Flows on the Island of Oahu, Hawai’i: The 
Search for Sustainable Solutions. Yale F&ES Publication Series, Report Number 21, 2009.  Apr. 30, 2012. 
Available at http://environment.research.yale.edu/documents/downloads/o-u/Report21.pdf 
5 Houseknecht M., Kim C. and Whitman A. Material Flows on the Island of Hawai’i, Industrial Ecology 
Class Paper. May 2006.  
6 Weisz, H., Economy-wide Material Flow Accounting, “A compilation guide”. Eurostat and the European 
Commission, August 2007. 

http://environment.research.yale.edu/documents/downloads/o-u/Report21.pdf�
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for bulk water and air. Bulk water and air are excluded given their quantities are not in the same 
magnitude as solids and liquids and will largely distort the big picture of material flow analysis. 
The unit of measurement within our analysis is metric tons per year. However, not all aspects of 
the economy-wide material flows are included. As a consequence, this study does not cover 
issues such as unused extraction, indirect flows, or sectoral disaggregation of material flows7

 
.  

This study uses publicly available data, published data, and information obtained from interviews 
on each island. The main data source for this report comes from the 2011 Maui County Data 
Book and United States Army Corps of Engineers report, which hereafter referred to as “the 
USACE report.” We used the USACE report as a “top-down” reference point and cross-checked 
this data with specific information collected from face-to-face interviews. Interviewees included 
governmental officials, business leaders, scholars, industry experts, and island residents. 
Appendix A includes a list of all interviewees. Many of the data presented in this report have 
significant uncertainties associated with them, but all should be the correct order of magnitude.  
 
According to the EUROSTAT framework, an economy-wide MFA is split into three large 
segments: 1) imports and exports; 2) domestic extraction of biomass and minerals; and 3) 
domestic outputs to the environment, including emissions to air, emissions to water and solid 
waste generation. This report is organized according to the following the framework: Part 3 
provides a snapshot of the Island of Maui; Part 4 part depicts the overall material flows of the 
Island; Parts 5 through to 8 discuss the three large segments described above; and the final part 
includes conclusions and recommendations.  
 

3. Maui Overview 
 
The island of Maui is the second largest of the Hawaiian Islands and is the largest of Maui 
County’s four islands; Maui, Moloka’i, Lana’i, and Kaho’olawe. In 2010, the population of Maui 
was 138,8208

 

, which is the third highest of the Hawaiian Islands behind Oahu and Hawai’i Island.  
Maui’s largest city, Kahului, sits on the northern coast of the island and is home to roughly 
26,000 people. Kahului is also the main commercial and financial hub of the island as it is home 
to the only deep draft port on the island and the biggest airport. Other notable cities on the island 
include Kihei, Lahaina, and Hana. Wailuku is home to the Maui county government offices and is 
the second most populated city on the island behind Kahului. Lahaina is known as a former 
whaling village and now serves as a major tourist destination.  Seasonal cruise lines such as 
Princess and Carnival anchor off-shore of Lahaina. Hana is the city located on the far eastern side 
of the island and is accessed only by the historic Hana Highway, a 68 mile windy stretch of road 
that connects Kahului to Hana.   

Two significant geographic features, the West Maui Mountains and Haleakala, dominate the 
interior of the island.  Haleakala is a younger volcano to the east, and the West Maui Mountains 
are an older volcano chain on the western side of the Island that have been eroded considerably 
and is cut by numerous drainages. Haleakala sits on the eastern side of the island and rises to a 
point of over 10,000 feet above sea level and measures 5 miles from seafloor to summit, making 
it one of the world’s largest mountains. The eastern flanks of both volcanoes are cut deeply by 
valleys and steep-sided ravines that run down slope to rocky shorelines. 

                                                                 
7 Weisz, H., Economy-wide Material Flow Accounting, “A compilation guide”. Eurostat and the European 
Commission, August 2007. 
8 United States Census Bureau 2012 Web. 2 Apr. 2012. Available at: 
http://factfinder2.census.gov/faces/tableservices/jsf/pages/productview.xhtml?src=bkmk 

http://factfinder2.census.gov/faces/tableservices/jsf/pages/productview.xhtml?src=bkmk�
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The main economic drivers in Maui are agriculture and tourism. In 2010, approximately 2 million 
people visited Maui and stayed an average of 9 days.9  This equates to an additional visitor 
“population” of 47,717 people per day.  Thus, the real material and energy requirements for the 
island must be sufficient to serve roughly 187,000 people.10

    

  It is also not surprising that one of 
the largest employment sectors on the island is “accommodation/food services,” which is largely 
geared toward tourists. The agricultural sector in Maui has been declining in recent years because 
of the economic downturn as well as increased shipping costs and land prices.  This is evident 
from the sharp decline in agricultural exports off of the island in recent years.  

4. Material Flow Diagram 

 
Figure 1 Material Flow Diagram for Island of Maui 

 
The diagram above condenses the quantitative findings of the team. As is the case with other 
islands, the Island of Maui relies on imported goods for most of the materials used within its 

                                                                 
9 Monthly Visitor Statistics, State of Hawaii Department of Business, Economic Development, and 
Tourism, 2008, 2009, 2010 
10 United States Census Bureau. 2012.Web. 2 Apr. 2012. Available at: 
http://factfinder2.census.gov/faces/tableservices/jsf/pages/productview.xhtml?src=bkmk. 

http://factfinder2.census.gov/faces/tableservices/jsf/pages/productview.xhtml?src=bkmk�
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economy. A significant difference between this MFA and previous MFAs conducted in Hawai’i 
is the absence of additions to stock in the diagram. The reason is that the category “emissions to 
air” includes the oxygen used in the combustion of fossil fuels. To physically balance the 
diagram, 1,275 Gg of oxygen should be included as oxygen coming into the system. In this case, 
the diagram would show 874 Gg of additions to stock. This is a quantity comparable to the mass 
of rocks, sand, construction materials and machinery that remains on the island. This oxygen was 
not included in the diagram nor excluded from emissions to ease comparisons with the other 
studies and because that is the EUROSTAT methodology.  
 
As with the other Hawaiian MFAs, the most important import and export category in terms of 
mass is “Metal products.” This data was taken from the USACE report and likely includes food 
and products that enter and exit the Island inside metal shipping containers. If the category of 
food and biomass is divided among the total population--locals and visitors, there are only about 
2.4 kg of food per person per day. Hence, Maui is far from self-sufficient and is vulnerable to 
disruptions of trade of goods.  
 

5. Imports and Exports 

5.1 Overview 
In an island economy, imports are essential to survival and stability. In fact, the state of Hawai’i 
imports roughly 80% of the materials it requires to operate.11 On the island of Maui, there are 
three ports of entry: Kahului, Maalea, and Lahaina harbors. Lahaina harbor is situated on the 
western side of the island. Now it serves as a major tourist area and port for recreational traffic 
and cruise ships.  However, Lahaina is not a deep draft port and therefore, cruise ships must 
anchor off the coast of Lahaina and send a small boat back and forth to transport tourists to shore. 
Seasonal cruise lines such as Carnival and Princess Cruises visit Lahaina approximately ten times 
per year. Maalea harbor is situated on the southern end of the island and is home to mostly 
recreational boating traffic and the Coast Guard station.  The Coast Guard station is responsible 
for law enforcement and search and rescue missions around Maui County, which includes the 
islands of Maui, Molokai, and Lanai. Kahului harbor is the only deep draft port on the island of 
Maui and therefore, is the only port that can process imports and exports coming in off of cargo 
and tanker ships. In fact, Maui is the only one of the four major islands including Oahu, Kauai, 
the Big Island, and Maui that only has one deep draft port. As a result, Maui has a strong 
relationship with the Coast Guard and has very strict facility security plans because of the 
necessity to keep material flows moving in and out of Kahului.12

 
 

Kahului harbor is split up between three different piers. Pier 1 is the deepest pier with an average 
depth of 35 ft. It is mostly used for cruise ships, sugar and molasses exports, sand and gravel 
barges, and other imports and exports brought in and out by Matson shipping lines.13 Matson is 
the main shipping line used throughout Hawai’i for interstate transport. Alexander & Baldwin 
Company owns Matson and mainly ships products between Hawai’i and the west coast of the 
United States.14

                                                                 
11 Eckelman M. and Chertow M., Linking Waste and Material Flows on the Island of Oahu, Hawai’i: The 
Search for Sustainable Solutions. Yale F&ES Publication Series, Report Number 21, 2009. Apr. 30, 2012. 
Available at 

 Most of the products coming out of Hawai’i will be shipped to Honolulu first and 

http://environment.research.yale.edu/documents/downloads/o-u/Report21.pdf 
12 Kim, Duane. "Personal Interview with Duane Kim." Personal interv iew. 7 Mar. 2012. 
13 Nobriga, Louis. "Personal Interview with Louis Nobriga." Personal interview. 7 Mar. 2012. 
14 At time of writ ing, it is reported that Matson is in the process of separating from Alexander & Baldwin. 

http://environment.research.yale.edu/documents/downloads/o-u/Report21.pdf�
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then shipped to the mainland. Pier 1 also contains a manifold system and pipelines that are used to 
receive petroleum products.15 Figure 2  shows Pier 1 and Matson shipping equipment.  

Figure 2: Pier 1 and Matson Shipping Equipment   

Pictures taken by Niles Pierson 

 

 
Pier 2 has an average depth of 27 ft. and is used to ship and receive conventional and 
containerized general cargo, automobiles, lumber, bulk cement for the Hawaiian Cement 
Company, and liquefied petroleum gas for The Gas Company.16 Another shipping line company 
named Young Brothers Ltd. operates a paved storage area at Pier 2 of about 7.5 acres that 
includes 28 refrigerated container positions.17

 

 Young Brothers is the main shipping line for 
interisland traffic with most of the products coming from and going to Honolulu.  

Pier 3 has an average depth of 18 ft. and is also used for receiving petroleum products, sand, 
lumber, and it also used to be used for receiving passengers from the Hawaii Superferry. The 
Hawaii Superferry was a Hawai’i-based transportation company that provided passenger and 
vehicle transportation between Honolulu Harbor on the island of Oahu and Kahului Harbor on 
Maui. In March, 2009 ferry operations were suspended after the Hawaii Supreme Court ruled that 
a state law allowing the Superferry to operate without a complete environmental impact statement 
was unconstitutional.18 Figure 3 A picture of Pier 3 can be seen in . 

 5.2 Shipping 
There are a few specific shipping companies that make regular visits to Kahului harbor, Maui.  
Each company is responsible for bringing certain products into and out of the port. Matson visits 
Kahului harbor approximately three times per week and they carry mostly agricultural goods and 

                                                                 
15 "World Port Source - Kahului Harbor, Maui." World Port Source. Web. 24 Feb. 2012. Available at 
http://www.worldportsource.com/ports/USA_HI_Kahului_Harbor_Maui_824.php. 
16 Nobriga, Louis. "Personal Interview with Louis Nobriga." Personal interview. 7 Mar. 2012. 
17 "World Port Source - Kahului Harbor, Maui." World Port Source. Web. 24 Feb. 2012. Available at 
http://www.worldportsource.com/ports/USA_HI_Kahului_Harbor_Maui_824.php. 
18 Parsons, Robert. "Personal Interview with Robert Parsons." Personal interview. 5 Mar. 2012. 

http://www.worldportsource.com/ports/USA_HI_Kahului_Harbor_Maui_824.php�
http://www.worldportsource.com/ports/USA_HI_Kahului_Harbor_Maui_824.php�
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construction materials into and out of Maui. The Matson ship will usually come from Honolulu 
carrying a full load of cargo and it will leave Kahului with only 20% of its containers filled.19

 
 

Figure 3: Pier 3 of Kahului Harbor 

 
Picture taken by Niles Pierson 
 

 
A bird’s eye view of Kahului harbor and its layout. 
Picture taken from Dept. of Transportation, Harbors 
Div ision, Kahulu i, HI. 

 
Young Brothers Ltd. is the main shipping company for interisland traffic and carries mostly 
agricultural and construction products. Furthermore, Young Brothers ships also carry some 
Horizon Lines containers. Approximately 130 Horizon Lines containers will come into and out of 
Kahului harbor per week. These containers are filled with refrigerated food items, dry food items, 
construction materials, retail goods, and automobiles.20

 

 Only 25 out of the 130 containers will be 
filled when the ship leaves the harbor. 

Almost all of the automobiles brought into and out of Kahului are transported by Pasha Hawaii 
via their car carrying (“Row Row”) ship. They visit Kahului approximately twice per week 
carrying up to 2500 vehicles. Each time they visit Kahului they offload roughly 150 vehicles.21

 
 

SAUS Brothers, Tesoro, or K-Sea transports all petroleum products brought into Kahului. SAUS 
Brothers owns the fuel barge that carries refined fuel for Chevron. The crude oil is refined on 
Oahu and then transported to Maui, Moloka’i, and the Big Island. The barge visits Kahului once a 
week and drops off part of its load before it moves on to the other islands.22 Tesoro operates a 
barge that also brings in refined fuel product mainly for Shell and 76. Tesoro visits Kahului 
harbor approximately twice per week.23 Lastly, K-Sea operates a barge that carries diesel and 
crude oil into Kahului for Maui Electric Company. The barge arrives in Kahului every ten days 
and carries approximately 40,000 barrels of No. 2 diesel and 12,000 barrels of No. 6 crude oil.24

                                                                 
19 Nobriga, Louis. "Personal Interview with Louis Nobriga." Personal interview. 7 Mar. 2012. 

  
The Gas Company also has a barge that carries approximately 420,000 gallons of propane into 
Kahului every two to three weeks. Furthermore, a foreign ship delivers around 620,000 gallons of 

20  "Phone Interview with Gary Sato." Telephone interview. 8 Mar. 2012. 
21  "Phone Interview with Darrin Lee." Telephone interview. 8 Mar. 2012. 
22 "Phone Interview with Hugh Meshell." Telephone interview. 8 Mar. 2012. 
23 Nobriga, Louis. "Personal Interview with Louis Nobriga." Personal interview. 7 Mar. 2012. 
24 "Phone Interview with Tom DeMello." Telephone interview. 8 Mar. 2012. 
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propane to Maui once per month. This ship usually hails from Singapore or South Africa.25

 

  A 
picture showing a Tesoro barge delivering fuel can be seen in Figure 4. 

Figure 4: Tesoro barge delivering fuel 

 
Picture taken by Niles Pierson 

5.3 Fabricated Metal Products 
The largest import and export into and out of Maui is “Fabricated Metal Products” according to 
the U.S. Army Corps of Engineers Waterborne data statistics. According to the data, 
approximately 907,000 metric tons of fabricated metal products come into and out of Maui each 
year. After examining the data it is not clear what fabricated metal products are.  Numerous 
interviews were conducted at the port of Kahului and with representatives from Matson and 
Young Brothers shipping in order to try and figure out what these products are. The most likely 
explanation is that they are the shipping containers that the various products arrive to the Island 
in. This is a logical explanation since the amount of exports is almost identical to the amount of 
imports.  Therefore, the shipping containers that come in on the ships are the same ones that 
leave. However, this is an area of further research with regards to our material flow analysis. 

5.4 Air vs. Sea 
Some imports and exports also come into and out of Maui by air. Aloha Air Cargo maintains a 
receiving facility at Kahului airport and this is the only receiving facility on the island. All goods 
coming into and out of Maui by air are transferred through Honolulu first. Only 1% of goods are 
imported and exported by air, and 99% is imported and exported by sea.26 The main goods 
imported and exported by air are containerized general freight, U.S. postal mail, perishables such 
as orchids, fruits, and vegetables, live animals such as dogs, rabbits, cats, fish, and fresh fish.27

5.5 Decline in Imports and Exports 

 

After examining the U.S. Army Corps of Engineers Waterborne statistics, it becomes inherently 
obvious that the amount of imports and exports has severely declined from 2006 to 2009 (Figure 
5). Based on information gathered through interviews, it seems that the main reason has been the 
U.S. economic downturn.  The downturn has increased shipping and fuel costs to the point where 
it is more beneficial to try and sell products on the island versus shipping them to a market off-
island. This is especially true in the agricultural sector. Young Brothers Ltd. used to let local 

                                                                 
25 "Phone Interview with Mustafa Demirbag." Telephone interview. 8 Mar. 2012. 
26 Maui County Data Book 2011. County of Maui: Office of Economic Development, 2011. Print. 
27 "Phone Interview with Michael Orozco." Telephone interview. 9 Mar. 2012. 
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Maui farmers share shipping containers when shipping their products to other Hawaiian islands, 
but due to the increased fuel costs, individual farmers must fill their own container before it can 
be shipped.  This has drastically reduced the amount of agricultural exports over the past couple 
of years. Furthermore, the declining pineapple production from the Maui Land and Pineapple 
Company has also added to the decrease in agricultural exports.28

 
 

Figure 5: 2006 – 2009 Maui Imports and Exports 

 
 
Another reason that locals believe the amount of exports has decreased is due to the Jones Act. 
The Jones Act refers to section 27 of the Merchant Marine Act of 1920 and it requires that all 
goods transported by water between U.S. ports, be transported by a U.S. flagged ship.  This act 
has made it even harder for locals to export agricultural goods during this tough economy.  For 
example, in order for cattle to be shipped from Maui to the northwestern United States at a 
reasonable price, they must first be shipped to a Canadian port by a foreign flagged ship and then 
transported by truck across the border to the United States.29

 

 Using a U.S. flagged ship is very 
expensive and is actually more expensive to ship cattle using a U.S. flagged ship from Maui 
directly to the United States. 

One good thing about the decline in imports and exports is that it has forced the island to increase 
its sustainability practices.  For example, the Grand Wailea hotel has also increased their 
sustainability practices including the fact that 30-40% of their food comes from the island itself as 
opposed to only 10-20% a couple of years ago.30

5.6 Recyclables 

 

One interesting thing to note is that all recyclables that are redeemed on the island of Maui are 
diverted and shipped off the island to the highest bidder.  In 2011, there were approximately 

                                                                 
28 Shimabuku, Robin. "Personal Interview with Robin Shimabuku." Personal interview. 6 Mar. 2012. 
29 Franco, Alex. "Personal Interview with A lex Franco." Personal interview. 6 Mar. 2012. 
30 Heid, Jim and Hoonan, Robert. "Personal Interview with Jim Heid and Robert Hoonan." Personal 
interview. 8 Mar. 2012. 
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84,437 metric tons of recyclables that were diverted and shipped off of the island.31

 

  The U.S. 
Army Corps of Engineers Waterborne statistics doesn’t account for this value because only 7,257 
metric tons of waste and scrap were recorded on average from 2006 to 2009. 

6. Domestic Extraction 

6.1 Biomass Sector 
Our calculations for the biomass sector primarily used data from the USDA’s 2007 Agricultural 
Census Statistics, and the 2009 Hawaii Agricultural Statistics. Unfortunately, due to budget cuts 
in the State’s Department of Agriculture, agricultural statistician positions were eliminated, and 
thus little of the agricultural data has been updated since 2009. This factor, as well as the fact that 
the Maui County statistics aggregate agricultural production data across the islands of Lana’i, 
Maui, and Moloka’i, complicates the estimation of domestic extraction from the biomass sector. 
 
We attempted to disaggregate the data and fill in data gaps based on the following assumptions. 
(1) There is negligible agricultural activity on Lana’i. According to the other Yale student team, 
only one individually-owned farm remains operational on Lanai. (2) Certain crops are specifically 
grown on Moloka’i, and production was subtracted from Maui County totals based on data 
provided by the other Yale student team on: Sweet potatoes, tomatoes, papaya, and coffee. (3) 
For crops in which no data was given on the amount produced, an average yield for Maui was 
calculated based on agricultural data from previous years. This average yield was multiplied by 
the amount of acreage given in the USDA 2007 Agricultural Census. (4) Sugar cane and its 
byproducts comprise the vast majority of Maui’s total biomass extraction by weight, rendering 
potential error in estimating volumes of other crops relatively negligible. All assumptions made 
are documented in Appendix B. 

6.1.1 Primary Crops Production 
Although Maui imports 93% of its food, it still hosts a vibrant agricultural sector. Please see 
Figure 6 for a map of agricultural production on Maui. Most of the crops grown on Maui are 
consumed domestically, with the exception of several cash crops, such as: sugar, cabbage, Italian 
squash, onions, cucumber, and zucchini. Of these, only onions are exported to the mainland. 
Despite the State of Hawai’i’s capacity to produce virtually any type of produce, the amount of 
fruits and vegetables shipped into the state far outweigh the amount produced domestically. In 
2008, 50.2 million kg of fresh fruit were shipped into the State of Hawai’i, while 23.9 million kg 
of fruit were produced and consumed domestically. 32 For vegetables: 68.1 million kg were 
imported and 35.1 million kg produced domestically.33

 
 

  

                                                                 
31 Steel, Hanna and Takamine, Tracy. "Personal Interview with Hana Steel and Tracy Takamine." Personal 
interview. 5 Mar. 2012. 
32 Hawaii Statistics of Agriculture. 2009. Pp. 42 
33 Ibid. pp. 52 
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Figure 6: Map of Agricultural Production on Maui 

 
 
 
The traditional Hawaiian agricultural crops of sugar cane and pineapple are still produced on the 
island. Notably, Maui hosts the last remaining sugar cane operation in the state of Hawai’i. 
Hawaiian Commercial & Sugar (HC&S) continues to produce on approximately 34,000 acres of 
land in Central Maui. The pineapple industry has been declining over the past several decades, 
and nearly folded with the closing of the Dole pineapple cannery in 2007. Today, Maui Land & 
Pineapple leases approximately 1,500 acres to the Hali’imaile Pineapple Company, which sells 
fresh pineapples under the label “Maui Gold.” Specific data on pineapple production is not given 
in the USDA agricultural statistics, but is lumped in with the total amount of crop production.  
 
However, what is interesting is the informal economy that has emerged around the mutual 
exchange of by products from the sugar cane and pineapple industries. In the past, the nutrient-
rich processed water from the pineapple cannery was piped over to irrigate HC&S’ seed cane. 
Organic sludge the resulted from pineapple residue was applied to improve soil for seed cane. 
Through interviews, we learned that the major agricultural sectors such as these very efficiently 
allocated and redistributed crop residues and waste products. This drives home the importance of 
retaining a diverse agricultural sector on the island, so that these informal exchanges can continue 
and drive efficiency of material flows.  
 
As both of these large industries have declined, new industries have emerged, including: (1) the 
floral industry, and (2) the seed corn industry.  
 
(1) Floral industry: In 2008, 20% of the total number of farms in Maui County grew flowers, and 
25% of the acreage reported was devoted to nurseries.34

 

 Much local production is sold to hotels 
and resorts for use in landscaping. For example, the Grand Wailea, the biggest resort on the 
island, sources 100% of the plants and flowers it needs for landscaping from the island of Maui. 

(2) Seed corn: Monsanto has been expanding its operations on Maui in recent years, where it 
operates a research center in Kihei. Hawai’i is suited to growing seed corn because its year-round 
growing conditions allow up to four crop cycles per year, and because its agricultural history has 
made available a highly skilled agricultural workforce.35

                                                                 
34 Hawaii Statistics of Agriculture 2009. Pp. 38 

 As of 2009, the seed crop industry 
provided nearly 23% of available agricultural jobs in the State of Hawai’i, and in 2008, seed 

35 Loudat, T., and P. Kasturi. 2009. Hawaii’s Seed Crop Industry: Current and Potential Economic and 
Fiscal Contributions. Hawaii Crop Improvement Association and Hawaii Farm Bureau Federation.  
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crops comprised 40% of the value of Hawai’i’s agricultural exports to the mainland.36

 

 On Maui, 
the seed corn industry operates on areas of former sugar and pineapple land, thus preventing 
conversion of agricultural land to non-agricultural uses.  

Organic agriculture is increasing in prominence on Maui. Mana Foods, a local grocery store on 
Maui, sourced 45% of its produce from over 400 local growers in 2011. According to the produce 
manager, they sourced over 50% of their produce locally for the greatest number of weeks in 
2011 than in any other previous year. However, local growers face many barriers in selling their 
produce to the big grocery stores on Maui, such as Whole Foods, Safeway, Foodland, and Costco. 
For example, although Whole Foods sources some organic produce locally, they require the 
growers they source from to take out a minimum $1 million insurance policy, for food safety 
purposes. This amount is beyond the scope of all but a few organic growers on Maui. Given that 
the vast majority of organic produce is grown and consumed on the Island, it is not considered to 
be a significant material inflow or outflow, and is not included in the material flow calculations. 

6.1.2 Crop Residues 
EUROSTAT divides crop residues into four categories: straw, crop biomass (leaves, etc.), fodder 
crops, and grazed biomass. EUROSTAT only incorporates crop residues into its MFA 
calculations when they enter or exit system boundaries. In the case of Maui, this means that the 
sugar cane industry is the major producer of crop residues on the island. Its main waste products 
are bagasse and molasses. Bagasse is plowed back into the field or burned to produce electricity. 
Some molasses remains on the island and is used by the Haleakala Distillery to make rum, while 
the rest is shipped to California for use in cattle feedlots. Other minor crop residues include mud 
and cane tops. The mud is exchanged with local golf courses for landscaping, while cane tops are 
exchanged with local ranchers as a supplemental source of cattle fodder.   

6.1.3 Forestry 
Figure 7: Maui County Forest Reserve System 

 
 
Commercial forestry is not practiced on Maui on a large-scale. Maui hosts eight designated State 
Forest Reserves totaling nearly 70,000 acres, which are mostly managed for watershed protection, 
biodiversity conservation, and recreational usage.37

                                                                 
36 Hawaii Statistics of Agriculture 2009. P. 92. Calculat ion based on: Seed crop estimated value of 
$176,990,000 and total agricultural export value of $443,396,000. 

 Commercial harvesting permits can be issued 

37 State of Hawaii Department of Forestry & Wildlife. Maui Nui Forest Reserves. Apr.7, 2012, available at 
http://hawaii.gov/dlnr/dofaw/forestry/FRS/reserves/mauinuifr 

http://hawaii.gov/dlnr/dofaw/forestry/FRS/reserves/mauinuifr�
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for timber extraction on these lands up to $10,000 in value. Only the Waihou Spring Forest 
Reserve has a management plan. The State of Hawai’i has limited timber processing capabilities, 
including a nascent sawmill, veneer mill & bioenergy establishment.38

6.1.4 Livestock 

 

Cattle ranching has long been part of Maui’s history, and comprehensive data on livestock can be 
found in the Hawai’i Statistics of Agriculture. However, the structure of the cattle ranching 
industry on Maui is changing. Historically, calves have been raised on Maui and shipped off to 
California for finishing in commercial feedlots. As one longtime rancher noted, it always makes 
more economic sense to ship cattle to where the feed is, instead of shipping in feed to where the 
cattle are. Although this practice still constitutes the majority of cattle production on Maui, local 
ranchers are now exploring the niche market for grass-fed beef. In 2008, several of the remaining 
ranchers on Maui banded together to form the Maui Cattle Company, which raises grass-fed 
cattle that are slaughtered and processed on Maui, and sold as grass-fed beef to local restaurants 
and grocery stores. This constitutes a major shift in material flows, as calves that previously 
would have been shipped to the mainland now remain on the Island of Maui. Virtually none of 
the Maui Cattle Company’s beef is exported off the Island, given that Maui’s entire cattle 
industry is insufficient to meet the local demand for beef.  
 
Aside from cattle, goats, sheep and lambs are also raised on the ranches. One ranch is 
intentionally increasing the amount of lambs they raise, because lamb can be used as a form of 
biological control on invasive species by grazing invasive plants that cattle cannot. However, the 
sheer scale of livestock that would be needed to adequately check the spread of these invasive 
plants far outweighs the number available. Nevertheless, it is an important finding that certain 
synergies exists between invasive plants control and livestock ranching.  

6.1.5 Hunting and Gathering 
Forms of hunting and gathering are practiced on Maui, but comprehensive statistics are lacking 
and thus this amount is considered to be negligible. However, the County of Maui is exploring 
options for expanding hunting programs of invasive ungulates such as the Axis Deer. The deer 
produces high quality venison, but current USDA rules require the presence of a USDA inspector 
during the cleaning of the animal carcass. Future analyses should account for invasive deer 
hunting as a stock flow under this category. 

6.2 Mineral Extraction 
There are no metallic ores on the Island. The only materials mined on the Island are rock 
aggregates (generally crushed rock used for construction) and sand. These materials are used 
locally for the construction of roads and buildings. Two companies comprise the entirety of the 
concrete industry, Hawaiian Cement and National Oilwell Varco-Ameron Hawaii.  They also 
carry out the bulk of mining activities on the Island. Please see Figure 8 for the main mining 
activities on Maui.  

6.2.1 Rock aggregates 
There are three quarries currently operating on Maui. Hawaiian Cement owns two of them. The 
quarry in Puunene on Mokulele Road, owned by Hawaiian Cement, produces crushed basalt rock 
and aggregates of different sizes for construction purposes and for road base. The Waikapu 

                                                                 
38 State of Hawaii Department of Forestry & Wildlife  2010. Hawaii Statewide Forest Assessment. p219. 
Apr. 30, 2012, available at 
http://www.hawaiistateassessment.info/SWARS/Hawaii_Statewide_Forest_Assessment_and_Strategies_20
10_Entire-Document.pdf 

http://www.hawaiistateassessment.info/SWARS/Hawaii_Statewide_Forest_Assessment_and_Strategies_2010_Entire-Document.pdf�
http://www.hawaiistateassessment.info/SWARS/Hawaii_Statewide_Forest_Assessment_and_Strategies_2010_Entire-Document.pdf�
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quarry, also owned by Hawaiian Cement, produces mostly alluvial rocks for road base. Ameron 
owns one basalt rock quarry in Puunene, located next to the Maui landfill on Pulehu road. This 
quarry produces both road base and concrete aggregates. 
 
The total annual use of rock aggregates and sand in Maui was approximately 910,000 metric tons 
in 2010 and 730,000 metric tons in 2011. In 2011, about 30% of this material (220,000 metric 
tons) ended up as concrete. The remaining 70% (510,000 metric tons) was used as road base.39 
Also in 2010, approximately 90,000 metric tons of specialty aggregates were shipped to other 
islands.40 The inter-island shipping of construction materials is usually as expensive as the 
material being shipped. For this reason each island has modified its building codes to allow for 
the use of local materials in most applications. Nevertheless, the basaltic material found on Maui 
is advantageous in comparison to that found in the other islands and for some applications is 
possible to justify shipping.41

 
  

Figure 8: Map of Mining Activities on Maui 

 
 

6.2.2 Sand 
There is no established sand mining on Maui. Instead, sand is extracted as a by-product of land 
development. Sand extracted in this way is classified into two categories: Grade A is clean sand, 
and Grade B is normal sand. Ameron and Hawaiian Cement purchase the clean sand from the 
land developers for use in concrete manufacturing. 
 
Maui sand is highly valuable on Oahu. Most of the sand on the Island is concentrated in the 
covered sand dune on the eastern side of the West Maui Mountains. In 1985, the development of 
the Leisure Estates Subdivision produced a significant amount of Grade A sand that was 
stockpiled in a nearby lot. Meanwhile in Honolulu, the concrete companies relied on Mansand; a 
crushed rock alternative to sand that produced low quality concrete. Ameron saw the opportunity, 
purchased the sand and shipped the first barge load of sand. Since then, a significant amount of 
sand has been shipped every year to Oahu. As a result of public outcry in 2006, the County of 
Maui commissioned a report to quantify the resource. This report found that if 290,000 metric 
tons of clean sand were extracted on the island every year, the total sand resource would be gone 

                                                                 
39 David Gomes, Hawaiian Cement, personal communicat ion. 
40 Eric Yoshizawa, Ameron, personal communication. 
41 Ibid. 
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in less than 7.5 years.42 Today the rate of sand bought by the two companies has decreased to 
about 110-140,000 metric tons per year.43

 

 Of this, between 65-90,000 metric tons are being 
shipped off to Oahu by Ameron. The general perception of the industry is that as long as there is 
development, there will be sand. 

Table 1: Annual Rock and Sand Extraction 
 Local use Export Extraction 
Rock Aggregates (metric tons) 720,000 90,000  820,000  
Sand (metric tons) 40,000  80,000  120,000  

 
For concrete production, it is important to note that the sand to cement ratio is generally about 3.6 
to 1. The average amount of cement imported between the years 2006 to 2009 was 42,000 metric 
tons. If we assume that all cement is mixed with sand, Maui would need 150,000 metric tons of 
sand, locally. These numbers might mean that the developers directly distribute sand and Ameron 
and Hawaii Cement do not account for the tonnage. 

7. Domestic Output  

7.1 Emissions to Air 
EUROSTAT lists 14 main categories about air emissions into the environment. Given the data 
limitations, we focus primarily on the energy and transportation sectors, which are the main 
sources of air emissions on Maui. In 2011, Maui generated roughly 1,795,841 metric tons of 
pollutants back to the air, equally distributed among power generation and transportation sector 
(Table 2 and  Figure 9).44

 
 Roughly 98.22% of air emissions come from CO2, followed by CO. 

Table 2: Air Emissions Summary (metric Tons)      Figure 9: Air emissions by pollutants 

 
Maui, like the other islands of Hawai’i, relies heavily on imported fossil fuel for its own energy 
consumption. In 2009, it imported approximately 93% of its total energy consumption from the 
outside world, among which 86% came from petroleum and the remaining 7% came from coal 

                                                                 
42 Hanzawa Howard, Maui in land sand resource quantification study, February 2006, Maui, Hawaii. 
43 David Gomes and Eric Yoshizawa, Personal communication. The numbers are rough and aggregated as 
per instruction of the companies. 
44 Please see detailed calculat ion in the excel file submitted with the report. Not all the data is availab le in 
2011. Thus, the number p resented in this part using a mix of 2010 and 2011 data.   
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(Figure 10). Almost $7 billion was spent on energy costs. Around 11% of the State’s GDP was 
sent to foreign, oil producing countries.45

 
  

The residents of Maui suffer from a unique energy situation. Although they have one of the 
lowest rates of per capita energy consumption in the nation, they also pay some of the nation’s 
highest energy costs per capita. Hence, the energy issue is one of the most urgent issues that 
constrain the sustainable development of the Island. The Hawai’i state government has already 
noticed the significance of the energy issue and established renewable portfolio standards (RPS) 
for all the electric utilities (the 2015 RPS target is 15%, the 2020 RPS target is 25% and the 2030 
RPS target is 40%).46

Figure 10: Energy Consumption by Source, 2009
  

47

 
 

 

7.1.1 Power Generation 
A. Maui Electric Company, Ltd 
Maui Electric Company, Ltd. (MECO) is the only utility company on Maui, which is also a 
subsidiary of Hawaiian Electric Company, Inc. Almost all the Island of Maui is covered by the 
MECO and the biggest off-grid generation comes from the Hawaiian Commercial & Sugar 
Company (HC&S). The firm has generating capacity of 47 MW and has signed a contract with 
MECO to sell 16MW to the grid in 2011.48 Other off-grid generation, which is primarily roof-top 
solar photovoltaic, amounts to 12 MW in 201149

 
.  

From 2006 to 2010, MECO has steadily grown its customer base. As of 2010, MECO served 
62,992 customers, 53,848 of which are residential customers.50

                                                                 
45 Maui County Energy Alliance, Sustainable Energy: Strategies for Implementation: Recommendations 
from the Working Groups, September 2009. Apr. 30, 2012, available at 

 In 2010, Maui’s total generating 
and firm-purchased capacity is 262.3 MW, roughly 60 MW above the peak demand on the Island, 

http://www.co.maui.hi.us/documents/Office%20of%20the%20Mayor/Office%20of%20Economic%20Deve
lopment/Energy%20Office/MCEA%20Expo%20Long%20Version%20Final%20Sep%2009.pdf 
46 Hawaiian Electric Company, Inc. 2010 Renewable Portfolio Standard Status Report, May, 2011. 
47 Maui County Data Book 2011. County of Maui: Office of Economic Development, 2011. Print. 
48 Lee A. Jakeway, personal interviews with Hawaiian Commercial & Sugar Company (HC&S) on March 
9, 2012.  
49 Doug McLeod, personal interviews with Energy Commissioner, County of Maui on March 6, 2012. 
50 Maui County Data Book 2011. County of Maui: Office o f Economic Development, 2011. Print. 
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which is 199.4 MW51. The total electricity generated in 2010 is 1,256,941 MWh, 90% of which is 
sold via the grid. The remaining is generated by HC&S and serves the company.52

 

 Over the past 
five years, Maui’s generating capacity remained constant at around 260 MW, while peak demand 
fluctuated around 200 MW with a slightly decreasing trend (Figure 11). The electricity sold 
through the grid also reflects the same trend as the peak demand. Most of the decreased demand 
for electricity came from the commercial and industrial customers rather than the residential 
customers. Part of the reduction can be attributed to energy efficiency programs, but most 
resulted from the economic downturn and ensuing shrinking demand from tourists and visitors.  

Figure 11: Maui Island Electricity Trend (2006-2010)53

 

 

In 2010, of all the electricity sold via MECO, including on Lana’i and Moloka’i, 85% came from 
oil and only around 13% came from renewable energy, which is still slightly lower than the 2015 
RPS target (Figure 12). It is difficult to disaggregate data for only the Island of Maui. Given that 
the majority of electricity sold on Lana’i and Moloka’i is generated by oil, the energy mix for the 
Island of Maui should intuitively be less carbon-intensive.  
 
Of all the generation capacity (262.3 MW), MECO owns 246.3 MW, almost all of which burn 
diesel. The use of biofuel accounts for only less than 1% of their production.54 In 2010, MECO 
owned and operated 27 generating units at two power plants (Kahului Generating Station and 
Maalaea Generating Station) and one substation site on Maui. Kahului Generating Station is 
equipped with four steam units fueled with No. 6 fuel oil with the capability of burning No. 2 
diesel fuel oil. Maalaea Generating Station is composed of 15 diesel engine generators and two 
dual-train combined-cycle units (DTCC) fueled by diesel. MECO also operates two standby 
diesel engine generators fueled with diesel fuel oil, which are located at the Hana Substation 
(Table 3)55

                                                                 
51 Ibid.  

.  

52 The electricity sold through the grid is 1,135,141 MWh from the Maui 2011 data book Pp 132.  
Electricity generated and used inside HC&S is 121,800 MWh is from HC&S report and interviews. The 
total electricity generated on Maui is calculated as 1,135,141+121,800=1,256,941 MWh.  
53 Maui County Data Book 2011. County of Maui: Office of Economic Development, 2011. Print. 
54 Maui County Energy Alliance, Sustainable Energy: Strategies for Implementation: Recommendations 
from the Working Groups, September 2009. Apr. 30, 2012, available at 
http://www.co.maui.hi.us/documents/Office%20of%20the%20Mayor/Office%20of%20Economic%20Deve
lopment/Energy%20Office/MCEA%20Expo%20Long%20Version%20Final%20Sep%2009.pdf 
55 Hawaii Natural Energy Institute.  Assessment of the State of Hawaii’s Ability to Achieve 2010 Renewable 
Portfolio Standards. September 2008. 

248 260.3 262.3 262.3 262.3 

206.4 204.4 194.4 199.9 199.4 

1202.503 1213.611 1176.505 1134.313 1135.141 

0 

500 

1000 

1500 

2000 

2006 2007 2008 2009 2010 

Generating Capacity (MW) Peak Demand (MW) 

Power Sold (GWh) 

http://www.co.maui.hi.us/documents/Office%20of%20the%20Mayor/Office%20of%20Economic%20Development/Energy%20Office/MCEA%20Expo%20Long%20Version%20Final%20Sep%2009.pdf�
http://www.co.maui.hi.us/documents/Office%20of%20the%20Mayor/Office%20of%20Economic%20Development/Energy%20Office/MCEA%20Expo%20Long%20Version%20Final%20Sep%2009.pdf�


Material Flow Analysis for the Island of Maui 
 

21 
 

Figure 12: Fuel Mix in MECO56

 

 

 
Additionally, MECO has a power purchase agreement (PPAs) with three independent power 
producers (IPPs)—Hawaiian Commercial & Sugar Company (HC&S), Kaheawa Wind Power, 
LLC (KWP), and Makila Hydro. HC&S has signed a contract with MECO about selling 16 MW 
generating capacity and the existing PPA will continue until December 31, 2014. KWP began 
selling electricity to MECO in June 2006. Kaheawa Pastures wind farm consists of 20 General 
Electric Wind Energy 1.5 MW wind turbines, with the total capacity of 30 MW. MECO also has 
a PPA with Makila Hydro since May 2005 for Makila’s 500 kW hydro-electric facilities. 
 

Table 3: 2010 MECO’s Existing Electricity System 

 
 

                                                                 
56 Hawaiian Electric Company Web. Apr. 30, 2012, available at 
http://www.heco.com/portal/site/heco/menuitem.508576f78baa14340b4c0610c510b1ca/?vgnextoid=047a5
e658e0fc010VgnVCM1000008119fea9RCRD&vgnextchannel=a48df2b154da9010VgnVCM10000053011
bacRCRD&vgnextfmt=default&vgnextrefresh=1&level=0&ct=article  

http://www.heco.com/portal/site/heco/menuitem.508576f78baa14340b4c0610c510b1ca/?vgnextoid=047a5e658e0fc010VgnVCM1000008119fea9RCRD&vgnextchannel=a48df2b154da9010VgnVCM10000053011bacRCRD&vgnextfmt=default&vgnextrefresh=1&level=0&ct=article�
http://www.heco.com/portal/site/heco/menuitem.508576f78baa14340b4c0610c510b1ca/?vgnextoid=047a5e658e0fc010VgnVCM1000008119fea9RCRD&vgnextchannel=a48df2b154da9010VgnVCM10000053011bacRCRD&vgnextfmt=default&vgnextrefresh=1&level=0&ct=article�
http://www.heco.com/portal/site/heco/menuitem.508576f78baa14340b4c0610c510b1ca/?vgnextoid=047a5e658e0fc010VgnVCM1000008119fea9RCRD&vgnextchannel=a48df2b154da9010VgnVCM10000053011bacRCRD&vgnextfmt=default&vgnextrefresh=1&level=0&ct=article�
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The island plans to add additional 42 MW wind power capacity by the end of 2012. However, the 
current installed capacity already sufficiently met the electricity demand. With additional 
renewable energy additions, renewable energy can exceed system demand all day (Figure 13).57 
Even current Kaheawa wind farm needs to be curtailed to maintain the grid stability. 58

 
 

Figure 13 Maui Generation Modeled with Additional Wind Farms 59

 
 

 

 
B. Hawaiian Commercial & Sugar Company (HC&S) 
Hawaiian Commercial & Sugar Company produces sugar via sugar cane. The company sells 
power to MECO through a firm power contract in a fixed scheduled dispatch arrangement of 12 
MW on-peak and 8 MW off-peak. The primary fuel for HC&S is bagasse while No. 6 fuel oil and 
coal serve as secondary fuels. HC&S also has hydroelectric generating units, which harness the 
energy of surface water supplied to HC&S. The total generating capacity of HC&S is 47 MW, 16 
MW of which is sold to MECO via PPA, and the remaining 31 MW consumed by the company. 
In 2010, HC&S generated 190,100 MWh of electricity and sold 68,300 MWh to MECO, which 
accounts for roughly 6% of the Maui total electricity.60

 
  

C. Air Emissions 
The main air emissions from power generation are carbon dioxide (CO2), methane, and nitrous 
oxide. CO2 emissions are calculated by multiplying different fuel consumption quantity and 
emission factors of different fossil fuels, published by U.S. Energy Information Administration 
(EIA).61

                                                                 
57 Doug McLeod, personal interviews with Energy Commissioner, County of Maui on March 6, 2012. 

 All the fuel consumption data for individual power plants are obtained through the EIA 

58 Parsons, Robert. "Personal Interview with Robert Parsons." Personal interview. 5 Mar. 2012 
59 Doug McLeod, personal interviews with Energy Commissioner, County of Maui on March 6, 2012. 
60 Lee A. Jakeway, personal interviews with Hawaiian Commercial & Sugar Company (HC&S) on March 
9, 2012.  
61 Energy Informat ion Administration. Voluntary Reporting of Greenhouse Gases Program  
Fuel Emission Coefficients. Apr. 30, 2012, available at http://205.254.135.7/oiaf/1605/coefficients.html 
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power plant database.62

 

 In 2010, the total CO2 emissions from the power generation sector are 
around 908,108 metric tons (Table 4).  

Table 4: CO2 Emissions from power generation in 2010 (metric tons)63

 

 

 
Methane and nitrous oxide emissions are calculated using the emission factors for electricity 
generation for Hawai’i published by EIA.64

7.1.2 Transportation 

  In 2010, the power sector alone generated 43.3 
metric tons of methane and 9.8 metric tons of nitrous oxide.  

Cars and trucks are the main method of transporting people and materials around Maui. The 
Island has no subway system and a single bus public transit service with 12 routes. As of January 
2012, there were approximately 159,159 registered vehicles on Maui, more than 92% of which 
were passenger vehicles powered by gasoline.65

 
 Different vehicles types are listed in Table 5. 

Emissions from the transportation sector are calculated using fuel consumption for different types 
of vehicles and mean emission factors from EMEP/EEA air pollutant emission inventory 
guidebook using the Tier 1 method.66

                                                                 
62 Energy Informat ion Administration. Form EIA-906 Database: Monthly Utility Power Plant Database, 

 Only emissions from passenger cars and freight 
transportation (diesel, gasoline) are included in this study. Emissions from other types of vehicles 
are either insignificant or difficult to calculate due to lack of appropriate emission factors. These 

Apr. 30, 2012, available at http://www.eia.gov/cneaf/electricity/page/eia906u.html 
63 Note: A ll the emission factors comes from EIA Voluntary Reporting of Greenhouse Gases Program, 
Table of Fuel and Energy Source: Codes and Emission Coefficients; available at: 
http://www.eia.doe.gov/oiaf/1605/coefficients.html; RFO stands for residual fuel oil; DFO stands for 
distillate fuel o il; BIT stands for bituminous coal; OBL stands for other biomass liquids; OBS stands for 
Other Biomass Solids; WDS stands for wood waste solids and WO stands for waste oil.  
64The emission factor for methane is 0.03443 kg/MWh and for nitrous oxide is 0.00777 kg/MWh.  
http://www.eia.gov/oiaf/1605/pdf/Appendix%20F_r071023.pdf 
The electricity sold by MECO in 2010 is 1,135,141 MWh and produced by HC&S is 190,100 MWh. So the 
total electricity generated in 2010 is 1,256,941 MWh. This amount is used for calculat ing methane and 
nitrous oxide.  Please see the calculations in the excel file.  
65 Hawai’i Department of Business, Economic Development &Touris m. Monthly Energy Trends. Apr. 30, 
2012, availab le at http://hawaii.gov/dbedt/info/economic/data_reports/energy-trends. 
66 EMEP/EEA air pollutant emission inventory guidebook  . Apr. 30, 2012, available at 
http://www.eea.europa.eu/publications/emep-eea-emission-inventory-guidebook-2009. 

http://www.eia.gov/cneaf/electricity/page/eia906u.html�
http://www.eia.doe.gov/oiaf/1605/coefficients.html�
http://www.eia.gov/oiaf/1605/pdf/Appendix%20F_r071023.pdf�
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emission factors are the mean values of pollutants under various emission standards in Europe in 
2009. CO2 emission factors are adopted from EIA fuel emission factors (Table 6).67

  
  

Table 5: Different Types of Vehicles 

 
 

Table 6: Emission factors 

 
 
Fuel consumption data was calculated using the liquid fuel tax base for Maui County in the Maui 
County Data Book, 2011.68

 

 Fuel consumption amounts for Maui County were divided 
proportionately among three islands based on the fuel tax revenue. Fuel consumption for the 
Island of Maui was further split up proportionately among the vehicle fleet. Table 7 breaks down 
all the air emissions by different vehicle type and by different air pollutants. In total, around 
887,770 metric tons of air emissions were generated by the transportation sector, and CO2 
dominates the emissions.  

Table 7: Air Emissions from transportation sector69

 

 

7.2 Emissions to Water 
The wastewater collection and treatment systems in Maui County are composed of five 
wastewater reclamation facilities (WWRF), 42 pump stations, and 222 miles of County-
maintained gravity transmission lines, and 25 miles of County-owned force main. Three out of 
five WWRF are located on the Island of Maui, which are the Lahaina, the Wailuku-Kahului, and 
                                                                 
67 Energy Informat ion Administration. Voluntary Reporting of Greenhouse Gases Program  
Fuel Emission Coefficients. Apr. 30, 2012, available at http://205.254.135.7/oiaf/1605/coefficients.html 
68 Maui County Data Book 2011. County of Maui: Office o f Economic Development, 2011. Print. 
69 Note: gasoline density is 0.737 kg/L and diesel density is 0.839 kg/L. Gallons converted to 3.785 liters. 
Please see attached excel file for detailed calculat ions. 
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the Kihei WWRF (Figure 14). On the Island of Maui, around 60-70% of wastewater travels 
through the sewer systems and is treated by all three WWRF’s on the Island.  The remaining 
portion is treated via individual septic tanks and cesspools.70

 

 Due to the data limitations, 
emissions to water in this study only include the substances and materials that are released back 
to environment after treatment from the three WWRFs. Emissions from the decentralized system 
are not included. Given that the majority of wastewater on the Island travels through the sewer 
systems and is treated the WWRFs, our estimate might be slightly underestimated.  

Figure 14: Wastewater Collection & Treatment Systems 

 
 
All the wastewater treated via the Kihei and Lahaina WWRF need to reach R-1 standard, which is 
the highest quality standard for recycled water. For R-1 recycled water, the State of Hawai’i 
requires that wastewater effluent be treated by means of oxidization, filtration, and disinfection to 
significantly reduce viral and bacterial pathogens (Figure 15).71

 

. R-1 recycled water has broad 
applications and is used for irrigation of golf courses, parks, and residential landscaping. One 
hundred percent of the sludge from treatment facilities will go to co-composting.  

Emissions to water are calculated using water quality lab reports from the three WWRFs and their 
average plant flow, respectively. Total suspended solids (TSS) and total dissolved solids (TDS) 
are used to estimate the emissions to water, in our calculations. In total, about 843 metric tons of 
substances are released to environment.  
 
 

 

                                                                 
70 Data collected via Interviews with Steve Parabico li, Water Recycling Program Coordinator, County of 
Maui on March 7th, 2012.  
71 Summary of HI& CA water reuse regulations. Apr. 29, 2012, available at 
http://www.guamwaterworks.org/Adobe%20Files/WRMP/vol3/Appendix%203E-
HI%20CA%20Reuse%20Regs.pdf 

http://www.guamwaterworks.org/Adobe%20Files/WRMP/vol3/Appendix%203E-HI%20CA%20Reuse%20Regs.pdf�
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Figure 15: Process Flow Diagram72

 

 

 
Table 8: Emissions to Water73

 

 

 
 
 

                                                                 
72 Data collected via Interviews with Steve Parabico li, Water Recycling Program Coordinator, County of 
Maui on March 7th, 2012.  
73 Note: One gallon is converted to 3.785 liters. Annual plant flow is calculated via sum of daily p lant flow 
* days in the month. All the daily plant flow results Maui County’s report submitted to Department of 
Health Annual Report 2011.  
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8. Municipal Solid Waste and Recycling 

8.1 Landfills 
The County of Maui operates two landfills on Maui Island. There is also an additional privately 
owned landfill for construction and demolition debris. The County operates a curbside collection 
program for municipal solid waste (MSW) for 25,000 single-family residential households 
serviced by roads that meet County road standards. Participation in County collection is not 
mandatory.  Each residence pays for the collection of trash, while commercial entities have 
separate tipping fees.  Those residences located on roads outside of the County jurisdiction, have 
the option of paying a private company for collection services74. There are several privately 
owned companies on Maui that collect MSW and currently two companies that provide full 
service curbside recycling services for a fee75

 
. 

The Central Maui landfill (CML) is the largest of the three landfills on Maui.  Of all the landfilled 
waste, the CML accounts for about 72% of the waste. The CML is centrally located on the island, 
while the Hana Landfill is on the eastern, less-populated part of the Island. The County runs both 
of these landfills. The Hana Landfill accounts for only 0.25% of all the landfilled waste on Maui. 
The privately owned construction and demolition landfill accounts for the remaining 28% of the 
landfilled waste on Maui. 
 
The CML is located in a quarry that the Ameron Corporation mines.  As mining operations leave 
behind an empty quarry, the CML has expanded, creating additional landfill cells in the empty 
quarry. The next phase of landfill planning includes purchasing the adjacent land, owned by 
Alexander Baldwin, Inc. and Ameron Hawaii76. As of 2009, the CML was expected to reach 
capacity in 2026. In 2009, the County also calculated that about 600 metric tons of waste was 
produced per day. However, currently, only about 400 metric tons of waste is produced per day. 
This translates into an extended life expectancy of the CML. In terms of County planning, the 
privately owned construction and demolition landfill is projected to close in two more years. 
Once this facility is closed, all construction and demolition waste must be redirected to a new 
location, since the CML cannot accept this type of waste77

8.2 Recycling and Re-Use 

. 

For recycling measures, the County partners with private firms and non-profit groups for 9 of the 
17 recycling and redemption centers in Maui County. A contractor operates 5 redemption centers 
on Maui Island for the County78

                                                                 
74 Steel, Hana. "Telephone Interview with Hana Steel (Recycling Coordinator, Maui County)." Telephone 
interview. 11 Apr. 2012. 

.  There are seven County recycling drop box centers that collect 
about 2,300 metric tons of recyclables per year. The materials collected at these centers include 

75 Curbside Recycling. The 3 Can Plan: A Residential Refuse System Upgrade To Single Stream Curbside 
Recycling, and Compost Pick-up. Developed by the Recycling Section, So lid Waste Division, DEM 10/11. 
4 Jan. 2012. 
76 Integrated Solid Waste Management Plan. Prepared by Gershman, Brickner, & Bratton, Inc. for the 
County of Maui, Department of Environmental Management, Solid Waste Division. 17. Feb. 2009. 
77 Steel, Hana and Tracy Takamine. "Personal Interview with Hana Steel (Recycling Coordinator, Maui 
County) and Tracy Takamine (Solid Waste Division Chief, Maui County)." Personal interview. 5 Mar 2012 
78 Ibid. 
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cardboard, paper bags, glass, plastics #1 and #2, newspaper, aluminum, and bi-metal cans.79 
Additional private and non-profit organizations collect items for reuse. The county of Maui works 
with over thirty businesses and organizations as recycling partners, allowing residents and 
businesses to bring their recyclable materials to facilities located across the island.80 The county 
government greatly depends on businesses to help with recycling efforts. These partnerships have 
proved effective in creating jobs; over 550 people are currently employed in the recycling 
industry in Maui today.81

 
 

There is one main composting facility on Maui Island, EKO Composting.  EKO entered into a 
contract with Maui County in 1995 to process County biosolids with green waste. The County 
has provided a site for EKO at the CML, and in return, EKO does not charge the county for 
processing their green waste.82 At this facility, commercial vehicles are charged a tipping fee, 
while residential vehicles are not. This facility receives all green waste that the County records. 
EKO also collects all County and some private wastewater treatment facility biosolids (sewage 
sludge). The County and private facilities pay a fee for this collection.  These biosolids are mixed 
with the green waste and processed into compost, which is then sold back to Maui businesses and 
residents (Figure 16).83

 
 

Figure 16 County Green Waste Processing 

 
County biosolid collection; final compost product (Photographs taken by Melissa Jenkins). 

 
Additionally, Maui has one facility that collects fats, oil, and grease (FOG) and processes them 
into biodiesel.  This company, Pacific Biodiesel, is located adjacent to CML property. The 
biodiesel is sold back to MECO and mainly consumed on the island. Like the green waste, Pacific 
Biodiesel charges a tipping fee for collection of FOG. The biodiesel is sold back to residents and 

                                                                 
79 Curbside Recycling. The 3 Can Plan: A Residential Refuse System Upgrade To Single Stream Curbside 
Recycling, and Compost Pick-up. Developed by the Recycling Section, So lid Waste Division, DEM 10/11. 
4 Jan. 2012. 
80 Chandler, Rhiannon. "Personal Interview with Rhiannon Chandler (Executive Director, Community 
Work Day Program)." Personal interview. 6 Mar. 2012. 
81 Steel, Hana and Tracy Takamine. "Personal Interview with Hana Steel (Recycling Coordinator, Maui 
County) and Tracy Takamine (Solid Waste Division Chief, Maui County)." Personal interview. 5 Mar 2012 
82 Integrated Solid Waste Management Plan. Prepared by Gershman, Brickner, & Bratton, Inc. for the 
County of Maui, Department of Environmental Management, Solid Waste Division. 17. Feb. 2009. 
83 Ash, Stacia. "Personal Interview with Stacia Ash (Recycling Specialist, County of Maui Recycling 
Section, Solid Waste Div ision) and tour of CML." Personal interv iew. 9 Mar. 2012. 
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businesses on Maui at a lower price than petroleum diesel. None is shipped off-island. In fiscal 
year 2011, July 2010 – June 2011 (FY2011), over 3,600 metric tons of FOG were diverted from 
the landfill and processed into biodiesel.84 In the future, there may be a possibility of shipping 
FOG to the Big Island since there are plans to build a larger facility that can process higher 
volumes of material. Previous to biodiesel processing, grease from commercial establishments 
would end up in the waste water system, resulting in large fines from the U.S. Environmental 
Protection Agency.  The implementation of biodiesel processing has substantially helped clear up 
the waste water system on Maui.85

 
 

Commercial food waste has historically been diverted from the landfills to hog farmers on the 
Island. Not all commercial food waste is diverted in this manner, but it is one relationship that has 
developed over time. This partnership mutually benefits businesses by reducing landfill tipping 
fees and the farmers by reducing their high grain hog feed costs.86

 
   

All other recyclables, on the other hand (paper, plastic, metals, glass, etc.) are shipped off-island 
to locations with processing capabilities. These items are only shipped when an outside 
processing facility solicits the sale of the material. However, due to the high price of shipping, 
some materials, such as glass, are not in demand. There is currently an excess of used glass on the 
Island. A private waste company is proposing the idea of using glass as landfill cover and is 
currently working with the Hawai’i State Department of Health for approval. 87

 
 

Also located close to the CML is Hammerhead Metals, a large metal recycling facility. This 
company has a contract with the County to accept and process white goods from the public as a 
free service, while charging commercial entities a fee. This company also accepts and processes 
abandoned vehicles under a separate County contract. Hammerhead Metals purchases aluminum, 
brass, stainless steel, and non-ferrous copper (Figure 17).88

 
 

County representatives mentioned that State laws have been helpful in implementing some of the 
recycling and re-use policies. For example, there is a State law that requires a take-back program 
for dealers that sell tires or batteries to ensure proper disposal. At the County level, progress has 
been made through the recent a Plastic Bag Reduction Ordinance No. 3587. As of January 11, 
2011, single-use plastic bags provided to customers at the point of sale have been banned. This 
measure has greatly reduced the amount of plastic bag waste, especially resulting waste from the 
tourist population.89

 
 

  

                                                                 
84 Tour da Trash Pamphlet. County of Maui. Department of Environmental Management, Solid Waste 
Div ision. Tour date: 9 Mar. 2012. 
85Steel, Hana and Tracy Takamine. "Personal Interview with Hana Steel (Recycling Coordinator, Maui 
County) and Tracy Takamine (Solid Waste Division Chief, Maui County)." Personal interview. 5 Mar 2012 
86 Heid, Jim and Hoonan, Robert. "Personal Interview with Jim Heid (Landscape Director, Grand Wailea 
Hotel) and Robert Hoonan (Director o f Facilit ies Management, Grand Wailea Hotel)." Personal interview. 
8 Mar. 2012. 
87 Steel, Hana and Tracy Takamine. "Personal Interview with Hana Steel (Recycling Coordinator, Maui 
County) and Tracy Takamine (Solid Waste Division Chief, Maui County)." Personal interview. 5 Mar 2012 
88 Tour da Trash Pamphlet. County of Maui. Department of Environmental Management, Solid Waste 
Div ision. Tour date: 9 Mar. 2012. 
89 Steel, Hana and Tracy Takamine. "Personal Interview with Hana Steel (Recycling Coordinator, Maui 
County) and Tracy Takamine (Solid Waste Division Chief, Maui County)." Personal interview. 5 Mar 2012 
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Figure 17 Hammerhead Metals recycling 
 

 
 Photographs taken by Melissa Jenkins 

 
Hawai'i runs a Deposit Beverage Container Program (HI-5) and places a 5¢ redeemable deposit 
on each beverage container. Consumers receive 5¢ back when they return their containers to a 
redemption center. HI-5 Redemption Centers are run by private companies throughout the County 
and collected over 107 million containers on Maui in FY2011. This is estimated to comprise 75% 
of the total containers sold on Maui, with 25% still reaching the landfill. 90 As a state, Hawai’i 
sold over 907 million containers with an overall redemption rate of about 80% for aluminum 
containers, 43% for bi-metal containers, 75% for glass containers, and 71% for plastic 
containers.91

 
 

Currently, the County does not operate a Materials Recovery Facility (MRF) that can efficiently 
process single-stream recyclables collection, and the County does not currently provide 
household curbside recycling collection. However, the County plans to rollout a pilot curbside 
recycling program known as the “Three Can Plan.” This plan will initiate single-stream curbside 
recycling and the pick up of organics for composting for all automated MSW collection routes. 
Automated routes utilize a County-provided 96-gallon cart and account for 84% of the 
households where County collection of MSW occurs. This newly developed program will collect 
household trash, recyclables, and organics in three separate containers.  While there is no County 
MRF on Maui, there are two private facilities that the County will enter into contract with during 
this pilot.92 While this plan is still developing, Phase I is scheduled to begin in August of 2012.93

                                                                 
90 Curbside Recycling. The 3 Can Plan: A Residential Refuse System Upgrade To Single Stream Curbside 
Recycling, and Compost Pick-up. Developed by the Recycling Section, So lid Waste Division, DEM 10/11. 
4 Jan. 2012. 

 

91 Steel, Hana and Tracy Takamine. "Personal Interview with Hana Steel (Recycling Coordinator, Maui 
County) and Tracy Takamine (Solid Waste Division Chief, Maui County)." Personal interview. 5 Mar. 
2012. 
92 Curbside Recycling. The 3 Can Plan: A Residential Refuse System Upgrade To Single Stream Curbside 
Recycling, and Compost Pick-up. Developed by the Recycling Section, So lid Waste Division, DEM 10/11. 
4 Jan. 2012. 
93 Steel, Hana. "Telephone Interview with Hana Steel (Recycling Coordinator, Maui County)." Telephone 
interview. 11 Apr. 2012. 
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Although most recyclables are shipped off-island, Maui County does not currently ship any waste 
off-island. There has been an ongoing discussion of shipping waste to Oahu to assist with their 
MSW supply for their waste-to-energy facility. Studies completed on the possibility of shipping 
MSW to Oahu have shown to have very high projected costs.  Shipping waste would involve 
many cost-intensive processes, such as: containerizing the waste, which would involve the 
construction of new buildings at the landfill; transportation of containers to the pier and then onto 
the barge; and transportation of empty containers back to Maui. There have been studies 
completed on building a waste-to-energy facility on Maui, and currently there is a cost-benefit 
analysis being completed comparing the construction of a waste-to-energy facility versus current 
landfilling processes.94

8.3 Methodology/assumptions 

 

To determine the quantities and characteristics of landfilled and diverted material (material 
directed away from the landfill, including all recycled material) on Maui, we relied primarily on 
three sources that were compiled and provided to our team by the Solid Waste Division of the 
County of Maui’s Department of Environmental Management:  
 
1. Central Maui Landfill (CML) tonnage data from FY2011.  
2. A waste characterization study completed in 2012, for FY2011 tonnages.  
3. Diversion tonnage data from FY2011. 
 
The CML tonnage data provided a breakdown of the materials by month throughout each fiscal 
year since FY2007 (we focused on FY2011), for tonnage of: landfilled material, green waste, 
sewage/biosolids, and fats, oils and grease (FOG). Once we had the aggregate landfill tonnage, 
we used the recent waste characterization study (finalized on April 11, 2012), to breakdown this 
aggregate number into eleven different material categories found in the landfill: paper, plastic, 
metals, glass, inorganics (includes construction and demolition debris), durables (such as 
furniture and mattresses), green waste, wood, organics, household hazardous waste (solvents, 
cleaners, etc.), and problem materials (such as electronic waste and sharps). The waste 
characterization study was conducted on FY2011 tonnages, so the total CML tonnage was 
reconfirmed95

 
. 

Since we only had total tonnage for the privately owned construction and demolition landfill, we 
allocated that total tonnage to the inorganics category. The inorganics waste stream in the waste 
characterization study included “other construction and demolition waste96, ceramics, and 
miscellaneous inorganics97

                                                                 
94 Steel, Hana and Tracy Takamine. "Personal Interview with Hana Steel (Recycling Coordinator, Maui 
County) and Tracy Takamine (Solid Waste Division Chief, Maui County)." Personal interview. 5 Mar 2012 

”. Additionally, we only had aggregate tonnage for the Hana Landfill. 
We applied the same waste stream percentages found in the waste characterization report of the 
CML to the aggregate Hana Landfill tonnage to break it down into more detailed material 
categories.  We assumed the percentages would be similar. The total landfilled material found in 
Table 9, includes waste from the CML, the Hana landfill, and the private construction and 
demolition landfill.  

95 Waste Composition Analysis of the Central Maui Landfill. Final Report. Prepared by SAIC for the 
County of Maui, Hawai’i, Department of Environmental Management. 11 Apr. 2012. 
96 Includes materials such as gypsum wallboard, asphalt roofing and paving, concrete and any material 
related to construction and/or demolition (wood, cardboard, and metals are not included in this category). 
97 Includes any other inorganic materials not included in “other construction and demolit ion waste,” such as 
ash, brick, kitty litter, etc. Waste Composition Analysis of the Central Maui Landfill. Final Report. Prepared 
by SAIC for the County of Maui, Hawai’i, Department of Environmental Management. 11 Apr. 2012. 
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Once we identified the composition of materials in the landfill, we then analyzed the diverted 
material.  The County collects diversion statistics for each fiscal year by facility.  For example, 
the County will collect the aggregate tonnage collected from the privately owned recycling 
facilities on the Island, large stores (such as Wal-Mart), and other non-profits that collect 
recyclable materials.  Because we had primarily aggregate data per organization, we had to make 
assumptions on the breakdown of material types for each organization.  
 
Each organization provides the County with the type of recycled materials they collect. For some 
of these organizations, we were able to obtain an accurate breakdown of their recyclables 
collection. In these cases, we used exact numbers. For the remaining organizations or facilities, 
we took the total aggregate tonnage for that facility and divided it by the number of material 
categories collected at that facility. While not exact, it was an unbiased way to divide the tonnage 
among each waste category collected at each facility. This assumption will produce an error for 
each diversion material category, but will allow us to view aggregate diversion data accurately. 
Additionally, some organizations collected large and small appliances, but only reported the 
number of appliances. For these organizations, we had to make assumptions on the weight of 
these appliances based on estimates from the Association of Home Appliance Manufacturers98 
and the Furniture Re-Use Network.99

 
 

The recycled bi-metal, plastic, and glass containers collected through the HI-5 Program, were 
included in the diversion statistic tonnages that Maui County collects.  Therefore, we did not 
account for these containers separately.  
 
Finally, we attempted to compare the total annual MSW generated on a per capita basis in Maui. 
To do this, we first subtracted the tonnage of the construction and demolition landfill from the 
total waste produced.  Then, we looked at the total waste on a per capita basis.  Because we were 
able to access detailed Hawai’i visitor statistics,100

8.4 Results  

 we calculated an MSW per capita figure for 
Maui, adjusted for the tourist population (Table 9).  

According to County data, the Island of Maui generated 332,480 metric tons of total waste, which 
includes 53,060 metric tons of construction waste from the private landfill, in FY2011.  Of this 
total waste, about 41% was disposed at the Central Maui Landfill (CML), 16% was disposed at 
the private construction and demolition landfill, 0.14% was disposed at the Hana Landfill, and 
43% was diverted.  In the 2012 waste characterization study of the CML, organics comprised the 
largest portion of the waste stream (25%), followed closely by paper (24%), green waste (15%), 
and plastic (12%) (Figure 18).  Organics includes food, disposable diapers, textiles and leathers, 
rubber, carpet, and miscellaneous organics.101

                                                                 
98 Appliance Recycling Information Center. Info Bulletin #2. Association of Home Appliance 
Manufacturers (AHAM). Web. 4 Apr. 2012. Available at : www.aham.org/ht/a/GetDocumentAction/i/5363. 

 Paper includes unwaxed/uncoated corrugated 
cardboard, newspaper, high-grade office paper, mixed recyclable paper, compostable paper, and 
non-recyclable paper. The category called “Problem Materials” includes batteries, electronic 
waste, mercury-containing products, and sharps, and comprised 1.3% of the CML composition.  

99 Furniture Re-Use Network. “Set of average weights for furniture, appliances and other items. ” 2005. 
Web. 2 Apr. 2012. http://www.frn.org.uk/index.php?option=com_content&view=art icle&id=119:average-
weights&catid=20:services&Itemid=121. 
100  Monthly Visitor Statistics. State of Hawai’i. Department of Business, Economic Development, & 
Tourism. 2012. Web. 2 Apr. 2012. Availab le at: http://hawaii.gov/dbedt/info/visitor-stats/tourism/. 
101 Includes personal hygiene products, animal feces, animal bedding, sawdust, wax, soap, cigarette butts, 
fur, hair and vacuum cleaner bags. 

http://hawaii.gov/dbedt/info/visitor-stats/tourism/�
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Figure 18: 2012 Waste Composition Study of the Central Maui Landfill 

 
Looking at material diverted from the landfill, we see 100% recycling of biosolids and fats, oils, 
and grease (FOG) (Table 9).  All of the County biosolids are recycled along with many private 
wastewater treatment facilities’ biosolids. We do not have data on the number of private facilities 
that do no compost their biosolids. This is an area for further detailed investigation.  Recycling 
rates for FOG may be overestimated since we do not have data for FOG that ends up in the 
landfill or in the waste water system.  The high amount of recycled metals (83.2%) and green 
waste (64.0%) are more accurately reported than the seemingly high recycling rates of glass 
(54.9%), household hazardous waste (79.8%), and problem materials (45.5%).  These three 
categories are most likely overestimated due to the allocation assumptions of each recycling 
facility. The tonnage from each facility is most likely not an even split between all materials 
types, as we assumed in our calculations. Because of this, the amount of glass, household 
hazardous waste, and problem materials are likely to be overestimated.  
 

Table 9 Comparison of Landfilled and Diverted Material (metric tons) 
Material  
Category 

CML Landfill 
Composition 

Total 
Landfilled 

Total 
Diverted 

Total 
Waste 

Percent 
Diverted 

Paper 24.3% 32,807 5,969 38,776 15.4% 
Plastic 12.3% 16,593 993 17,587 5.6% 
Metals 4.7% 6,327 31,324 37,652 83.2% 
Glass 3.0% 4,085 4,975 9,060 54.9% 
Inorganics 6.0% 61,162 30,341 91,503 33.2% 
Durables 1.8% 2,477 795 3,272 24.3% 
Green Waste 14.5% 19,600 34,887 54,487 64.0% 
Wood 7.0% 9,452 1,481 10,933 13.5% 
Organics 24.9% 33,655 5,923 39,578 15.0% 
HHW 0.2% 290 1,146 1,436 79.8% 
Problem Materials 1.3% 1,787 1,490 3,277 45.5% 
Fats, Oil, Grease 0.0% - 3,641 3,641 100.0% 
Biosolids 0.0% - 21,278 21,278 100.0% 
Total 100.0% 188,236 144,243 332,480 43.4% 

Paper 
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In comparing the 2012 waste characterization study to a study completed in 1994, there are slight 
differences in percentages of most materials but a high difference for the organics stream (Figure 
19). In 2012, more plastic, green waste, and especially organics was found at the CML than in 1994.  
 

Figure 19 Waste Characterization of the Central Maui Landfill 
Percent of Municipal Solid Waste: 2012 versus 1994 

 
Next, we calculated how much waste each resident generated per year on Maui in FY2011. To do 
this calculation accurately, we first removed the construction and demolition landfill tonnage 
from the total waste tonnage, since individuals do not generate this type of waste. Taking this 
factor into account, Maui residents produced 2.0 metric tons of MSW per person per year in 
FY2011. When adjusted for the visitor population, Maui’s per capita MSW drops to 1.5 metric 
tons per year. A July 2011 study from the Yale School of Forestry & Environmental Studies 
identified the recycling rates of three other islands along with the state and national average in 
2008. While the time frame is not directly comparable to FY2011, this previous study gives us an 
idea of where Maui is in comparison to other islands and the state. For ease of comparison, the 
2008 numbers from the Yale study were converted to metric tons (Table 10). 
 

Table 10 Comparison of Municipal Solid Waste Per Capita (units: 1,000 metric tons)102

 

 

                                                                 
102 Source (*not including Maui calculat ions): Diao, Zhouwei, et. al., Material Flow Analysis for the Island 
of Kaua’i. Yale School of Forestry & Environmental Studies. New Haven, CT. 2011. 
#MSW/capita unit: metric tons 
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MSW 2012 MSW 1994 

 U.S. 
(2008) 

HI State 
(2008) 

Big Island 
(2008) 

Oahu 
(2008) 

Kauai 
(2008) 

Maui* 
(FY2011) 

Total MSW 226,796 - 353,348 2,085 - 3,373 225 - 269 1191 103 279 
Total MSW Recycled 75,296 - 84,822 753 78 415 28 144 
% MSW Recycled 24% - 33% 22% - 37% 29% - 35% 35% 27% 52% 
Annual MSW/capita# 0.7 - 1.2 1.6 - 2.6 1.3 - 1.5 1.36 1.63 2.0 
Annual MSW/capita# 
(adjusted) 

x 1.5 - 2.3 1.1 - 1.4 1.18 1.27 1.5 
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Once construction and demolition waste was removed from the total MSW, Maui’s recycling rate 
(52%) is higher than the other islands or the national average. However, we must keep in mind 
that by removing this waste, we significantly reduced the total MSW tonnage by over 53,000 
metric tons. Before adjusting for the additional visitor population, Maui’s MSW per capita (2.0 
metric tons) is higher than all the other islands and the national average. However, when the 
MSW per capita is adjusted to account for the additional visitor population, the result (1.5 metric 
tons) is comparable to the overall Hawai’i state adjusted per capita calculations. 
 
These results provide opportunities to identify areas where source reduction, recycling, and 
improved reporting efforts might be targeted. An opportunity for improved reporting or 
investigation is the relationship between the disposal of food waste from commercial 
establishments and local pig farmers. Based on anecdotal evidence, we know relationships exist 
and have existed for quite some time between these two entities.103

 

 Since organics is the highest 
percentage of material found at the CML (24.9%), and of that amount, 74% of it is food waste; 
there is a great opportunity for more collaboration. 

Another area for further investigation is the collection of household hazardous waste. Many non-
profits collect this material category, but we were unable to get specific quantities.  It would be 
beneficial to learn how much is diverted from the landfill each year. 
 
Additionally, Maui has been very successful at preventing electronic waste from entering the 
landfill. According to the waste characterization study, only 1.3% of the waste stream is 
composed of “problem materials” (batteries, electronics, etc.).  The County ran a campaign 
alerting residents that they cannot put electronic waste into the landfill. The cultural aspects of 
Hawai’i made the use of the word “cannot” especially effective. When residents hear “cannot,” 
they take the meaning very seriously.  So seriously, that many residents believe they are breaking 
the law if they dump electronic waste into the landfill4.  Due to the favorable way residents 
reacted to this campaign, we see opportunity to use this language to eliminate additional material 
categories from the landfill.  
 

9. Recommendations 
 
Based on the sectoral analyses in this report, the following recommendations are offered for 
promoting efficient use of materials and resources on Maui in ways that will further the island’s 
sustainability. They are prioritized in order of impact and/or feasibility of implementation. 
 
Energy-efficiency and renewables 
 
1. Focus on demand-side management: 
Maui has abundant renewable energy resources and has the potential to meet all of the Island's 
electricity demand from these resources. Although MECO is currently on track to meet 
the 2015 RPS target,104

                                                                 
103 Heid, Jim and Hoonan, Robert. "Personal Interview with Jim Heid (Landscape Director, Grand Wailea 
Hotel) and Robert Hoonan (Director o f Facilit ies Management, Grand Wailea Hotel)." Personal interview. 
8 Mar. 2012. 

 their high dependence on fossil fuels still makes the Island highly 
vulnerable to external shocks. Their current installed renewable energy capacity is not fully 

104 RPS percentage for MECO in 2010 is 26.1% and the RPS not counting solar water heating and energy 
efficiency is 15.3%. The target in  2015 is 15% for all Hawaiian utilities. Hawaiian Electric Company, Inc. 
2010 Renewable Portfolio Standard Status Report, May, 2011. 
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exploited. Due to the concern about the stability of the grid, wind farms have frequently been shut 
down at night to maintain this stability in recent years. 
  
In order to take advantage of the current 30 MW of wind capacity and the 42 MW that will soon 
be installed on Maui, strong demand-side management of the grid is needed. A viable solution is 
the implementation of a time-of-day differential rate. This would incentivize the use of electricity 
at night when large users such as the Water Utility and HC&S would run their water pumps with 
low cost wind power. This differentiated rate combined with net metering would create a virtuous 
cycle towards energy resilience; incentivizing the purchase of plug in vehicles and the installation 
of distributed solar generation. The Island should also incorporate electric vehicles to absorb the 
excess electricity supply from the wind farms. Implementing a smart grid might be another option 
to manage the load to better match the electricity supply and demand schedules.  
 
2. Expand biodiesel production: 
It is expected that Maui will generate more waste for biodiesel production in the near future. 
There are plans to ship this material to the Big Island for processing. However, rather than 
shipping this waste, expanding the production capacity of Pacific Biodiesel and consuming this 
biodiesel on-island might help reduce Maui’s dependence on imported fossil fuels. In 2010, 
MECO only generated 1,585 MWh electricity from biodiesel,105

 

 accounting for 0.12% of the total 
electricity generated. There is potential to replace imported oil with biodiesel to further 
decarbonize the electricity generation portfolio. The transportation sector also has the potential to 
be a driver for increasing biodiesel demand. 

Accurate Data Collection 
 
3. Improve data accuracy by establishing working relationships with Hawaiian shipping companies: 
According to the U.S. Army Corps of Engineers Waterborne data, approximately 700,000 metric 
tons of “fabricated metal products” are imported and exported each year. It is evident that this is 
the largest import and export for Maui. However, it is unclear what these products actually are, 
even after speaking with shipping line companies and other businesses on the Island. This same 
issue is cited in the Kauai MFA, and the authors speculate that, “it is likely that many products 
including food, furniture, and other consumer goods are contained in the closed metal containers 
that receive this classification and are thus not accurately accounted for.”106

 

 In order to obtain 
more accurate data in the future, it is important that working relationships are established with the 
Hawaiian shipping companies.  

4.  Update agricultural data by encouraging participation in the 2012 USDA Agricultural Census: 
Most publicly available agricultural data is relatively outdated, due to budget cuts that scaled 
back on the number of agricultural statisticians employed by the State of Hawai’i. It is important 
that the state provide resources to resume data collection, given the changing face of agriculture 
in Hawai’i with the decline of the pineapple industry, rise of the seed corn industry, and the 
increasing amount of organic agriculture that currently goes untracked. In the absence of funding 
to hire more statisticians, one avenue can be incentivizing all Maui farmers to sign up to be 
counted in the 2012 USDA Census of Agriculture, which will mail out surveys in December 2012. 

                                                                 
105 Hawaiian Electric Company, Inc. 2010 Renewable Portfolio Standard Status Report, May, 2011. 
106 Diao, Zhouwei, Sangay Dorji, Goksin Kavlak, Andrew Zingale. Material Flow Analysis for the Island of 
Kauai. Yale School o f Forestry & Environmental Studies, Ju ly 2011. Pp. 3 
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The state of Hawai’i has been targeted to receive additional outreach efforts,107

 

 and additional 
outreach should be conducted on Maui as well to encourage full reporting to the USDA.  

Encouraging synergies and existing successful practices  
 
5. Support collaboration of local businesses and local pig farmers: 
Since food waste comprises three-quarters of the largest waste stream at the Central Maui 
Landfill, there is an excellent opportunity for more partnerships between local businesses and 
local pig farmers.  By supporting more collaboration, not only can landfill tonnage be reduced, 
but these partnerships can result in reduced landfill-tipping fees for local businesses with food 
waste, and reduced cost of pig feed for farmers.  
 
6. Maintain agricultural diversity to promote symbiotic exchanges: 
Maui’s economy is becomingly increasingly less diverse as high land prices force out farms and 
prohibit development of new industries. This threatens opportunities for industrial symbiosis. We 
have seen that an informal economy of materials exchange has emerged around the byproducts of 
two agricultural giants: sugar cane and pineapple. The closure of the pineapple cannery halted 
many of these exchanges – raising concern about the domino effect as to what will happen if 
other farms and ranches are forced to close. This will only increase reliance on shipping in 
products from the mainland.  
 
One way to promote agricultural diversity may be scaling-up establishment of agricultural parks. 
The costs of starting a farm on Maui are prohibitive for most aspiring farmers, given high land 
prices, which is detrimental to the long-term viability of the agricultural sector as well as food 
security. There is currently one agricultural park in Kula where local residents can have their own 
individual patch of land to grow agricultural produce, which has proven to be a successful 
program. Admittedly, the acquisition of land is a barrier to scaling-up the agricultural park 
concept; however, establishment of agricultural parks could become a priority land-use for land 
that comes onto the market after falling out of commercial agricultural production. 
 
7. Obtain permission to start hunting programs for invasive ungulates: 
Invasive ungulates such as the Axis Deer are one of the greatest threats to Maui’s ranches, forests, 
and natural environment. The County of Maui is currently exploring prospects for commercial 
production of Axis Deer venison, which is purportedly of very high quality.  Hunting programs 
have been initiated on Maui and Lana’i. However, a barrier to production is that the USDA 
currently prohibits processing Axis Deer for meat without the presence of a USDA inspector. 
This barrier needs to be addressed.  
 
8.  Use culturally meaningful language to communicate waste management goals: 
The County of Maui has experienced success in using culturally meaningful language to prevent 
electronic waste from entering the landfill. There is opportunity to continue using appropriate 
rhetoric to incentivize behavioral change and successfully eliminate additional waste streams 
from entering the landfill.  

                                                                 
107 USDA. Agricultural leaders ask farmers to sign up and be counted in the 2012 Census of Agriculture. 
June 7, 2012. http://www.agcensus.usda.gov/Newsroom/2012/06_07b_2012.php 

http://www.agcensus.usda.gov/Newsroom/2012/06_07b_2012.php�
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Appendix A: List of Persons Consulted 
 

Date Name Organization 
2/22/2012 Jennifer Chirico Executive Director, Sustainable Living Institute of Maui 
3/5/2012 Hana Steel Recycling Coordinator, Solid Waste Division, County of Maui 
3/5/2012 Rob Parsons Environment Coordinator, Mayor's Office, County of Maui 
3/5/2012 Tracy Takamine Division Chief, Head of Solid Waste Division, County of Maui 
3/6/2012 Alex Franco Managing Director, Maui Cattle Company 
3/6/2012 Christine Pawliuk Business Research Library 

3/6/2012 Mathew McNeff Renewable Energy Projects Supervisor, Renewable Energy Services 
Department, Maui Electric Company, Ltd. 

3/6/2012 David Tester Commercial Account Manager, Commercial Services Division, Maui 
Electric Company, Ltd. 

3/6/2012 Conrad Copeland Supervisor, Commercial Services, Commercial Services Division, Maui 
Electric Company, Ltd.  

3/6/2012 Doug McLeod Energy Commissioner, Office of Economic Development, County of Maui 

3/6/2012 Rhiannon 
Chandler Executive Director, Maui Community Work Day 

3/6/2012 Robin 
Shimabuku 

Agricultural Extension Agent, University of Hawaii College of Tropical 
Agriculture and Human Resources 

3/7/2012 David Gomes General Manager, Hawaiian Cement (Maui Concrete & Aggregates) 
3/7/2012 Duane Kim Facility Security Officer, Port of Kahului 
3/7/2012 Louis Nobriga Acting Manager, Harbor of Kahului 
3/7/2012 Kyle Ginoza Director, Department of Environmental Management, County of Maui 

3/7/2012 Michael 
Miyamoto 

Deputy Director, Department of Environmental Management, County 
of Maui 

3/7/2012 Pam Pogue Planning Program Manager, Water Resources and Planning, County of Maui 
3/7/2012 Eva Blumenstein Water Resources Planner, Water Resources and Planning, County of Maui 

3/7/2012 Steve Parabicoli Water Recycling Program Coordinator, Wastewater Reclamation 
Division, County of Maui 

3/7/2012 Theresa Thielk Store Manager, Mana Foods 
3/8/2012 Darrin Lee Manager, Pasha Hawaii Shipping Lines 
3/8/2012 Gary Sato Manager, Horizon Shippine Lines 
3/8/2012 Hugh Meshell Manager, SAUS Brothers 
3/8/2012 Jim Heid Landscape Manager, Grand Wailea Resort Hotel & Spa 
3/8/2012 Mel Hipolito Former Maintenance Manager, Maui Pineapple Company 
3/8/2012 Michael Orozco Public Relations Officer, Aloha Air Cargo 

3/8/2012 Mustafa 
Demirbag Manager, The Gas Company, Maui, HI 

3/8/2012 Robert Hoonan Director of Facilities Management, Grand Wailea Resort Hotel & Spa 
3/8/2012 Ryan Earehart Produce Manager, Mana Foods 

3/8/2012 Stacia Ash Recycling Specialist, Department of Environmental Management, 
County of Maui 

3/8/2012 Tom DeMello Manager, K-Sea Shipping 

3/8/2012 Michele 
Chouteau Mclean Deputy Director, Department of Planning, County of Maui 

3/9/2012 Lee Jakeway Director of Energy Development, Hawaiian Commercial & Sugar 
4/26/2012 Eric Yoshizawa VP Operations, National Oilwell Varco – Ameron Hawaii 
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Appendix B: Assumptions for Biomass Extraction  
(Annual Production is listed in short tons) 

Crop 
Annual 
Production 

Year Assumptions Sources 

Specialty Crops 
Sugar Cane 182,800 2011 Based on 2011 data from HC&S Fact Sheet HC&S Fact 

Sheet 
Coffee 1190 2008-

2009 
Assumes 50% of production of 
Honolulu/Kauai/Maui aggregated statistics 

HAS 2009 

Vegetables 
Head Cabbage 1650 2008 100% of Maui County MCDB 2011 
Cucumbers 1450 2008 100% of Maui County MCDB 2011 
Onions 550 2008 100% of Maui County MCDB 2011 
Taro 345 2008 100% of Maui County MCDB 2011 
Italian Squash 175 2008 100% of Maui County MCDB 2011 
Sweet Corn  270 2007 Statewide yield (5,500 lbs/acre) reported in Has 

2009 was applied to Maui acreage harvested (98 
acres) reported in USDA 2007 

USDA 2007  
HAS 2009 

Chinese 
Cabbage 

270 2007 Average yield (18,000 lbs/acre) reported in HAS 
2009 was applied to Maui acreage harvested (30 
acres) reported in USDA 2007 

USDA 2007  
HAS 2009 

Lettuce 246 2007 Average yield (9,100 lbs/acre) reported in HAS 
2009 was applied to Maui acreage harvested (54 
acres) reported in USDA 2007 

USDA 2007  
HAS 2009 

Snap Beans 165 2008 100% of Maui County MCDB 2011 
Green Onions 188 2007 Average yield (15,000 lbs/acre) reported in HAS 

2009 was applied to Maui acreage harvested (25 
acres) reported in USDA 2007 

USDA 2007  
HAS 2009 

Eggplant 90 2007 Average yield (12,000 lbs/acre) reported in HAS 
2009 was applied to Maui acreage harvested (15 
acres) reported in USDA 2007 

USDA 2007  
HAS 2009 

Other 
 

176 2007 Average yields reported in HAS 2009 applied to 
Maui acreage harvested reported in USDA 2007 

USDA 2007  
HAS 2009 

Fruits 
Tropical Fru its  22,275 2010 Includes estimat ions of pineapple production on 

Maui and tropical fruits: mangos, lychee, etc.  
Personal 
comm. 

Bananas 2281 2007 Average yield of 18,700 lbs/acre calculated based 
on statewide yields from 2005-2009 from HAS 
2009, and applied to 2007 estimates of 244 bearing 
age acres. 

USDA 2007  
HAS 2009 

Papaya 540 2005 Uses last reported data in 2005 before Maui began 
aggregating data with Honolulu and Kauai. 

HAS 2009 

Watermelon 1310 2005 Assume 20% of state based on 2005 data USDA 2007  
HAS 2009 

Avocado 231 2007 Yield of 3,000 lbs per acre calculated as average 
statewide yield from 2005-2009, applied to 154 
acres reported in USDA 2007 

USDA 2007  
HAS 2009 

Guava 105 2009 Assume Maui accounts for 10% of state total 
production, based on HAS 2009/USDA 2007 data  

USDA 2007  
HAS 2009 
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