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Preface 
 
Sustainable development should play a major role in any program or project. The study that you have 
before you reviews the economic, environmental and social impact of a program aimed at making the 
island of St. Eustatius more self-sustainable. The main project reviewed to reach this program goal is 
the development of a golf resort. This report reviews the economic, social and environmental 
consequences when such a project is executed. 
 
The impact assessment is part of a larger project, which reviews the possibility of using the 
construction management methods of system- and value engineering in Impact Assessment studies. 
This study is performed as part of achieving a master degree for Civil Engineering and Management at 
the University of Twente in the Netherlands. 
 
The impact assessment has been performed on request of the St. Eustatius Business Association 
(STEBA) and is partially based on an earlier feasibility study of a golf course in St. Eustatius, 
performed by Rob Blokvoort and Tom Tiggeloven, both of the University of Twente. The impact 
assessment was executed on the island of St. Eustatius. I wish to express my thanks to the STEBA for 
providing me with the opportunity to do this impact assessment and especially for the hospitality and 
warm welcome by STEBA president Mr. Koos Sneek and Mrs. Nora Sneek-Gibbs. 
 
An impact assessment is not possible without information from the stakeholders. During the time on 
the island I have therefore discussed the impact with a large number of local businesses, organisations 
and (government) agencies. I wish to thank these persons for the time they spend answering my 
questions and the information they have provided.  
 
Comparing the possible effects with observed effects and situations at similar resort in Anguilla, 
which is currently being constructed and St Kitts, which is in full operation, was very helpful. I wish 
to thank the government of Anguilla and the resort management at the Marriot resort in St Kitts for 
their assistance and unselfish help in providing me with information about the way these resorts and 
construction projects are run and the impact that they have.  
 
An impact assessment can and does not give a final answer whether a project or program should be 
executed. It is a document that contains information about the likely effects that are to occur when a 
decision is taken. It is up to the stakeholders to form an opinion about the project and up to the 
government to promote discussion between stakeholders; so all opinions are heard and can be taken 
into consideration before a final decision is taken about the project. I sincerely hope all stakeholders 
will find this report a helpful and reliable source of information in determining their standpoint 
regarding the project. 
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Executive summary 
 
Introduction 
This report looks at the economic, social and environmental impact of the planned development of a 
golf resort on the island of St. Eustatius. The island of St. Eustatius is located in the northeastern 
Caribbean, 60km south of St. Maarten, 15km north of St Kitts and about 300km east of Puerto Rico. 
The island is part of the country of the Netherlands Antilles, which consists out of the islands of St. 
Maarten, Saba and St. Eustatius in the northeastern Caribbean and Curacao and Bonaire in the 
southern Caribbean.  
 
St. Eustatius is a relatively small island, measuring approximately 7 by 3km and with a surface area of 
around 21km2. The southern part of the island features a dormant volcano, rising up to 600m above sea 
level. The northern part of the island features the remains of an extinct volcano, with steep hills up to 
300m above sea level. The middle section of the island is relatively flat. This is where the capital and 
only city, Oranjestad, is located, as well as the airport and on the western side the harbour and most of 
the hotels. There are currently around 3100 inhabitants on the island. 
 
The three main sources of income for the island are an oil transhipment facility on the north-western 
side of the island, a medical school with around 200 students and the spin off that creates in terms of 
house rental and catering and finally tourism, with currently an emphasis on diving. 
 
The income from these three sources is not enough to make the island self-sustainable. Due to the 
nature of being an island, which makes sharing services and facilities with neighbours harder, there are 
a lot of cost, like the airport, a harbour, a hospital, etc. that have to be shared over a limited number of 
inhabitants. 
 
The golf resort project is part of a program that is aimed at making the island self-sustainable. Next to 
the golf resort project there is also an alternative project, an eco-resort that can have an influence on 
the program. This alternative project as well as the option to not execute any project has also been 
reviewed. 
 
Scoping the impact 
A large project like the golf resort has a lot people who will be affected, the stakeholders. Because St. 
Eustatius is a small island, there is hardly anyone who will not be affected by the project, if only due 
to improving connections to the island, or the government getting an additional amount of money for 
road improvement. Other then all inhabitants of the island, the main stakeholders are: Island 
government, Tourism development organisation, STEBA (St. Eustatius Business Association), 
Harbour, Airport, STENAPA (St Eustatius National Parks Foundation), local delivery and tourism 
industry, shipping industry, future employees and tourists and an international golf-resort chain. 
 
The main goal of the program is to increase the self-sustainability of the island. The island government 
currently has a budget deficiency of Naf. 11 million, ideally this should be brought back to 0, or even a 
budget surplus. To become more self-sustainable, the goal is to increase the number of businesses on 
the island, attracting more tourists and creating jobs and income. Next to increasing the amount of 
business, the island should be developed in a sustainable way, as to guarantee the self-sustainability in 
the future. Finally, government income should be increased. 
 
The golf course is envisaged in the Zeelandia and Venus Bay areas, as well as the pass between these 
areas. The Zeelandia area is relatively flat. It’s located on the eastern (Atlantic) side of the island. The 
total area, including parts of the surrounding hills, is 71,5 hectares (176 acres). Venus bay is a 
somewhat isolated and private valley in the northern hills. The Venus Bay area, together with the 
surrounding mountains, is 171,6 hectares (424 acres).  
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Impact assessment 
The resort will consist out of 156 hotel rooms and 40 condominiums (privately owned, but rented out 
when the owner is not using the villa). At a maximum occupancy there will therefore be room for 512 
guests. Centrally located will be the main buildings of the hotel, including restaurants and bars, a spa 
and swimming pool, meeting rooms, a small number of tennis courts and a small number of shops, 
including a supermarket. The resort will offer potable water, electricity, cable television, Internet and 
phone service. 
 
The golf course will be a top of the range facility. It will feature a club/ halfway house where golfers 
can signup for their round of golf, refresh themselves afterwards and can get a drink. It will also have 
practice facilities, both for practicing putting and practicing long shots. The total length of all fairways 
will be around 6400m, with an average width of 30m 
 
Both Venus Bay and Zeelandia have a beach. The beach at Venus Bay is limited in size and consists 
mostly out of rocks; the one at Zeelandia is the largest on the island. At both locations swimming is 
unadvisable due to the undertow. The beach can and is used for sunbathing and walking. Not having a 
large, white, beach that allows for safe swimming will put the resort and the island at a disadvantage 
over other islands in the region. It is therefore assumed that the resort will want to create a beach 
where swimming is possible. 
 
The development of the golf resort should be economically, socially and environmentally sustainable. 
The golf resort should as much as possible look at employing Statians to work at the resort. On the 
environmental field the resort should try to keep its impact small. The Iguana and the Sea turtle are 
two animals that use the region where the golf resort is planned. Care should be taken not to damage 
the populations of these animals. The economic sustainability of the golf course has been researched in 
the feasibility report; this research therefore takes the economical feasibility of the golf course as a 
fact. 
 
Supporting businesses 
The estimated number of jobs that will be created by the development of a golf resort is around 530. 
Statians living on the island can fill around 200 jobs, around 100 additional Statians would be 
available from off-island. The remaining 230 jobs could be filled with the unemployed on Saba and St. 
Maarten.  
 
Around 500 additional people will come to the island. An estimated 170 (single person) apartments 
and 125 homes for families will be required. Of the 500 people coming to the island, 75 will be under 
the age of 16. The housing foundation has indicated that they would be able to provide these houses. 
On the island enough space is available. There are several available plots at different locations on the 
island. When houses are constructed on the northern side of the island (for example at Grovel), 
traveling to the resort would be easiest for the employees and would cause the least amount of traffic 
problems on the rest of the island.  
 
There will be a large requirement for electricity. The power company on the island, GEBE, can 
provide this by expending the number of turbines. Providing there is a certainty that GEBE can deliver 
the power to the resort, they are willing to finance the necessary expansion of the power plant and the 
laying of electricity cables to the resort.  
 
The water for the resort and golf course would have to be delivered by a reverse osmosis installation. 
This installation converts seawater into irrigation and drinking water. The installation would be backed 
up by a large irrigation pond, which would store rainwater and excess irrigation water that was caught 
by drainage. The water requirement depends highly on the kind of grass that is chosen for the golf 
course.  
 
By placing reef balls or another form of barrier in the sea, the undertow that currently makes 
swimming on the Atlantic coast impossible, can be stopped. At the same time this will stop the beach 
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erosion from the sea, which will cause the beach to extend into the sea. At Zeelandia, there already is a 
large beach area; at Venus there is a somewhat smaller beach. The sand on St. Eustatius does not have 
the Caribbean white color that tourists have come to expect. It could be considered to import white 
sand.  
 
Most shops will be affected by the increase in the population; the turnover will most likely go up. For 
the hospital and phone/ internet company there will be an increase in jobs. The hospital will require 
one extra general practitioner, 10 extra beds and 5 to 6 nurses. For this purpose it will have to be 
expended with 4 rooms. The telephone and internet company (Eutel) will require at least one 
additional person handling service. There are three primary schools and one secondary school on the 
island. They can cope with the increase in students without problems.  
 
On average the resort will create a requirement for 46 passengers per day per direction to and from 
Statia.  
There will be a concentration of departures and arrivals during the weekends, this could mean up to 
107 passengers a day, per direction. This would require additional flights to the island, especially 
during the weekends. Bigger, more comfortable aircraft are required on the St. Maarten route. 
  
The effect on business will not start when the resort opens. It will already start when construction 
commences. At this time there should already be housing available for the construction workers 
coming in from off the island. Construction will require a large amount of materials to be moved to the 
island, which means a lot of activity in the port. Finally, the additional people will be spending money 
on the island, supporting the local economy and increasing the tax income for the government.  
 
Sustainable development 
A major worry for sustainable development is the waste the resort will produce. On the island there are 
no processing plants for either solid or liquid waste. Solid waste is dumped as is in a landfill; liquid 
waste is disposed mainly by so called cesspools, which means the drainpipe ends in a hole in the 
ground, the wastewater enters the ground directly. Septic tanks are used at a limited number of 
locations. Even if they are used, they still drain into the ground. For both sorts of waste, the resort 
would have to create its own installation to be sustainable.  
 
Two species of animals have to be taken into account. Firstly the Iguana, which is living in Venus Bay 
and in fact most of the northern hills area. It is endangered specie; on the island there are some 425 
Iguana’s. Because they live in and feed off the trees, clearing the trees for a golf course is a potential 
danger to these reptiles. No problems are expected though if the resort is placed at Venus Bay and the 
golf course at Zeelandia. It may also increase the appeal for the golf resort having iguanas on the 
grounds of the resort. 
 
Having the resort at Venus Bay and the course at Zeelandia would also be beneficial for the Sea 
turtles. Young sea turtles need darkness to find their way to the beach. Having a golf course at 
Zeelandia will ensure darkness at night. It will also create a quiet environment for the adult turtles to 
come ashore and lay their eggs. 
 
It is possible to use the beach for tourism as well as sea turtle nesting. People sitting and walking on 
the beach will pose no threat to the nests. Since the sea turtles use the beach at night, and people 
during the day, this will not conflict either. Creating a barrier in the sea, for example with reef balls, 
will not only make swimming possible, but will actually increase the size of the beach by about 15m 
due to prevention of erosion. A top layer of white sand can be added for visual appeal. 
 
Making tourists aware of the environment and the presence of sea turtles and iguana’s can decrease the 
negative impact, as people will know what not to do (like littering on the beach). Commercial use of 
the beach will also mean it will be cleaned from waste coming in from the sea, this is currently not 
being done and poses an equally large risk for the turtles. 
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From the landside erosion is also playing a role. Rainwater can and does, after heavy rain, run down 
Zeelandia and erode the beach. This causes deep trenches in the beach and potentially allows seawater, 
during high seas, to enter further on the land, creating even more erosion. The sand that enters the 
water in this way could potentially harm the reefs, when erosion is stopped this would therefore also 
be beneficial for the reefs. By storing the rainwater in an irrigation pond, the water is no longer 
flowing over the beach, thus eliminating the erosion. The water can now be used for irrigation 
purposes, providing a free water source for the golf course. 
 
The Venus Bay area is currently protected under the status of ‘unique landscape’. On the basis of the 
law there are no grounds on which a permit could be given for building in this area. A law change will 
be required, which either allows “sustainable development” as basis for a building permit or which 
removes the status of protected area from Venus Bay. 
 
Socially, sustainability is achieved by promoting Statians to come back and work at the golf resort. 
Currently Statians are leaving because no work is available. They will have the least trouble blending 
in with the current population and will mostly share the same believes and values. It will also mean 
that families can get together and live together. 
 
Government income 
The government income from the resort will normally come from the different taxes and the land lease 
income. 
 
The bulk of the income of the resort will go to the investors. The total increase in government income, 
not yet taking into account tax holidays, exemptions, or other arrangements, is around US$ 7.000.000. 
Next to the tax there is also a US$ 710.000 land rental income. The total income of the government 
could therefore be US$ 7,7 million a year. The budget deficit of the island currently is US$ 6,1 
million, which means the golf resort can deliver enough money to make the island self sustainable. 
Taking into account the spin-off effects for the islands businesses, the income can increase by another 
US$100.000.  
 

To attract investors some tax exemptions or tax holidays will have to be granted or other arrangements 
to reduce the cost for the resort will have to be made. The options of waiving the profit tax and the 
land rental have been mentioned. This would cost the government a yearly amount of US$ 4.400.000, 
or more then half the amount that they could receive.  
 

Next to the government and the investors, another large part of the income goes to the 530 people who 
can find a job at the resort and will therefore now be able to support themselves and play an important 
role in the islands economy. The total income from these employees, at an average income of US$ 
12.000, will be US$ 6,36 million. 
 
For the people currently living on the island, 200 people (About 6% of the population) will find a job 
with the golf resort. The remaining jobs will go to people who are not currently living on the island. 
For the people on the island not getting a job with the resort, the primary advantage will be an increase 
in government income, which will enable to government to execute project that it are beneficial for all, 
but cannot be executed at the moment due to money shortage, like improving the roads, the harbor, the 
airport, etc. Another advantage for them can exist if they start to provide their own facilities or 
services for the guests. 
 
Remaining impact 
Several steps can be taken to mitigate the impact, for the exact steps you are directed to the report, as it 
would take up too much space to include the mitigation measures in the summary. It is however 
important to know the remaining negative impact, which is the impact that cannot be mitigated. 
 
Firstly, it should be taken into account that the island for a large part determines the impact of a golf 
resort themselves. When no additional activities are created, potential guests may select another island 
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that offers a similarly luxurious golf resort, but because of the islands itself or the activities it provides 
offers that little more then St. Eustatius can currently offer. Adding additional activities, like sail boat 
rental, diving, horse riding, boat trips, hiking tours, parasailing, etc are important. If operated by the 
resort the money will go the resort chain and the investors, for the island it would therefore be better if 
local persons start offering additional services and attractions aimed at the upper class tourists. Adding 
the above-mentioned services will create even more jobs and will keep additional money on the island. 
 
The resort will use around 4% of the total surface area of the island. Since large parts are already built-
on area, or not suitable for construction, the area of land that would be suitable for other projects will 
be reduced even more. With a high certainty there are however no projects that at the same location 
would be more beneficial to the island. The land used by the golf resort that can no longer be used for 
other project will however be significant. 
 
Regarding electricity the amount of non-renewable energy will be significant. Even when windmills 
would be used, which is questionable seeing that they do not pay back very fast, large amounts of 
diesel-generated electricity would still be required. 
  
The possibility of using Venus Bay completely depends on a law change. The government has 
indicated they will be willing to change the law if they believe the project will be good for the island. 
This is required to happen before any development can start. 
 
There is a possibility that houses currently located in the Venus Bay area may need to be removed. 
Should this be required then this is a significant remaining negative impact. The golf course designer 
and the developer should try to avoid this from happening. 
 
Solid waste will be produced in large amount when the population on the island increases by a third. 
The current dump is envisaged to last for another 5yrs and may have run out before the resort goes 
into (full) operation. At the current dump waste is not handled sustainably and at a small island it is 
very hard to find a way to create a sustainable solution for waste handling. The additional waste 
however still is a significant negative effect for the environment and due to non-sustainable handling 
at the dump also a threat for the health of the people on the island. 
 
Golf course versus other project 
The golf course is a project within a program. The program is looking at making the island more self-
sustainable and less dependant on others. While this document focuses mainly on the golf resort 
project and its impacts, two other alternatives where reviewed for their main impact features. 
 
The first option is always not to execute a project at all. The result of that would be an expected 
increase of hotel capacity by around 50 rooms in the next years, mainly for dive tourism. The creation 
of this hotel capacity will most likely not be enough to keep the Caribbean Sun airlines flight to St. 
Kitts and San Juan. A 50-room hotel, at 70% occupancy and at US$ 150 a night (average) would 
create a room tax alone of US$ 134.138. Most likely it will be get a tax exemption for other taxes for 
about 10 years. The hotel would deliver some jobs, how many really depends on the service that the 
hotel will want to deliver. 
 
The second option is to create an ecological resort, comparable to Saba, but larger. Eco tourism, like 
golf tourism, is a rapidly growing market. If 50 eco-lodges would be created, there would be space for 
200 tourists. This would be a large enough market to keep the Caribbean Sun airlines connection. At a 
cheaper US$ 85 per cabin per night, the room tax income would only be around US$ 100.000 per year. 
For this facility as well tax exemption for the other taxes are expected for about 10 years. The eco-
resort would deliver around 34 jobs. 
 
The golf resort will consist of 156 rooms, and 40 condominiums. In total this gives capacity for 552 
guests on the island. These guests would be willing to pay substantially higher prices per night. Even 
at a moderate price level of US$ 695 per night, the yearly income due to the taxes for the government 
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could be around US$ 7.8 million. More realistically the resort and the government will negotiate about 
the amount of money the resort has to pay. In the worst case the resort will get a full exemption for the 
profit tax and the land lease, which leaves a tax income of US$ 3.4 million. A public private 
partnership may be a solution to reduce the load on the golf resort, but still give the government a 
good income from the resort. The Caribbean Sun airlines connection would most definitely stay; in 
fact the increased requirement for transport may spark more frequent or more direct flights and larger 
aircraft to operate to the island. The project would create around 530 jobs.  
  
From the three projects, the golf resort creates by far the largest economical impact. With 530 jobs, it 
would be the largest employer on the island by far, potentially reducing the unemployment to a figure 
near 0. The golf resort will also have the largest negative effects, mainly in the fields of waste 
management, non-renewable electricity and the high land use. The direct (tax and land lease) and 
indirect effect of the golf course far exceeds to other two projects. The economy off the island will get 
a boost from tourism, especially if also local people start providing attractions and services to the golf 
resort tourists. When no cuts would be made in the amount of tax that the golf resort needs to pay, this 
project does succeed in achieving the program goal of creating a self-sustainable island, for which 
NAf. 11 million in tax income is required. The likely exemptions will however in the worst case bring 
the income back to US$ 3.4 million, in which case the project brings the budget deficit of the 
government back by about 55%. The other projects both deliver only around NAf. 100.000, which is 
negligible compared to the budget deficiency. A PPP construction should be found that would increase 
the government’s income above the worst-case scenario of giving an exemption of profit tax and land 
lease for the first 10 years, preferably in such a way that the income for the government would be 
around the required NAf. 11 million. 
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1 Introduction 
 
This impact report was written on request of the St. Eustatius Business Association. It reviews the 
social, environmental and economical impact of a planned golf resort on the island of St. Eustatius. 
The impact study is part of a larger research project, which looks at the improvement of impact 
studies. For the client this improvement mainly consists out of receiving a single report that looks at 
all impacts, instead of several reports that only review a specific field of impact, for example only an 
environmental impact study or only a social impact study.  
 
1.1 Project characteristics  
 
There are two levels in which a project can be approached; a program- and a project level. The scope 
of the impact study at a project level is much smaller then at a program level. A program level can also 
contain several projects to accomplish its goals. The project that is being reviewed in this document is 
a golf resort. The reason for having a golf course in the first place is the question at program level. 
Since the program level has not been reviewed yet, it is also part of this study. On overview of the 
program and its projects is given in Appendix III.  

 
1.1.1 Program level 
 
On a program level the main goal is to become more self-dependent and therefore depend less, or 
ideally not at all on the Netherlands. There are 3091 people currently living on Statia. They however 
have to pay for a lot of services like the Harbour, the airport, the government, etc. By increasing the 
amount of people that are living on the island, the cost of these things can be shared over more people 
and the cost per person will be lower. The budget deficit of the government at the moment is around 
NAF. 10.000.000. This means that the Netherlands has to provide aid and a lot of things that need to 
be done cannot be done due to insufficient funds. To become more self-dependant three things should 
be done: 
 

1) Support business 
By supporting business, jobs will be created. This will generate income for people living on 
the island, increasing the economy. It will also enable Statians to stay on the island and find 
work or come (back) to the island because work is now available. 
 

2) Sustainable development 
To make sure that the island is not exploited in a way that will severely damage the culture, 
environment or economy it is important to develop the island sustainably. This means that 
development that comes to the island can potentially continue indefinitely without any 
significant negative impact on the environment or its inhabitants.  

 
3) Increase government income 

To become more independent from the Netherlands, it is important to increase the tax income. 
Income from tax can be used to finance projects by the island government. This will decrease 
the amount of money that has to come from overseas. 
 

1.1.2 Project level 
  
Below these three main program points, there are increasingly detailed projects. To support business 
for example, you have to look at offering tourist attractions, increasing the number of inhabitants (to 
provide a workforce, but also to consume) and you have to promote the island. 
Offering tourist attractions is a project and can be divided in two sub-projects, namely increasing 
services for the tourists and increasing facilities for tourists. Services are there to make sure there is 
electricity, to make sure there is enough water, to make sure there is health care. Facilities can be a 
whole range of things, but in this case includes a beach and a golf resort. 
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1.2 The research method 
 
As indicated the impact study is part of a larger research project on improving the impact assessment 
process. The improved method for Impact Assessment is a method based on the theories of Value- and 
System engineering. In short the process starts with an investigation of the stakeholders and their 
requirements. When the requirements are known, functions are generated. A function is a short, 
usually two words, description what something has to do.  
 
For example one of the functions of a resort is to “provide accommodation” or to “decrease 
unemployment”. Providing accommodation can be done in many ways, so next to functions, there is 
also a need for attributes. An attribute is something that tells a little bit more about the function, for 
example “5-star+” tells that the accommodations will be very luxurious. Finally, constraints will be 
set, for example for accommodation a constraint can be that the accommodations buildings should not 
exceed 2 floors in height, or be no higher then 5m. 
 
For each function, combined with the attributes and constraints, there is now a clear understanding 
what is needed. A system bearer is then attached to a function. A system bearer is a tangible solution, 
for example a “5-star+- hotel room” is a system solution for providing accommodation. 
 
Each of the system solutions is a part or element of the golf resort. For this reason it can have a social, 
environmental or economic impact. For this reason the impact study looks at the impact of each of the 
system solutions. 
 
With the impact of the system solutions known, the total impact of the resort is also known. At that 
time it is possible to look at measures to mitigate (reduce) the negative impact. The mitigation 
measures and negative impact that cannot be reduced will finally be listed.  
 
The research questions that are at the foundation of this report are:  

 
1. What are the requirements regarding the golf resort project? 

a. Who are the stakeholders? 
b. What requirements/ wishes do the stakeholders hold about the golf resort? 
c. What legislation is relevant? 
d. What is the situation at the proposed site(s) of the golf resort? 

 
2. What does the provisional design of the golf resort look like? 

a. What functions does the design have to perform and how are they related? 
a. What attributes can be assigned to the functions? 
b. What are the constraints on the solution space? 
c. Which solutions in the solution space are preferred? 

  
3. What is the result of the impact analysis of the provisional design? 

 
4. Which improvements can be made regarding the negative impact of the golf resort and what are 

the remaining effects? 
a. Which improvements can be made to reduce or solve the negative impact of system elements? 
b. What are the remaining effects (residue effects) of the golf resort? 

 
More information about the impact assessment methodology can be found in the report X. As said this 
report is part of a graduation study, which is using a new method. Because detailed information about 
the project is not yet available and cannot be because one of the main stakeholders, the party that will 
finance/ build the resort, is not yet know, the project was reviewed on it’s main features and thus the 
impact was also reviewed on it’s main features. 
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1.3 How to read/ use the impact assessment  
 
An impact assessment is a document that collects and presents the expected impact of a program and 
project. By listing the expected impact, interested parties and decision makers will have a good view 
of the project and the effects it will have when it is implemented.  

 
The impact assessment is based on information gathered amongst the different stakeholders, as far as 
they are known and can be reached. Where stakeholders could not be reached, other sources of 
information where used. Next to listing the effects, the assessment also shows measures to mitigate 
(reduce) negative effects.  

 
As was indicated in paragraph 2.1 a golf resort is a project that is intended, amongst many other 
projects to make the island more self-sustainable. There has not yet been research if a golf resort is the 
most appropriate solution to reach this program goal. For this reason, alternative projects that fit 
within the same program have also been reviewed, be it only at the key points.  
 
The two alternatives reviewed are a 0-option, which means no project is executed and things keep on 
going the way they currently are. In this option it is envisaged that a 50-room hotel is build on the 
island, mainly aimed at divers. The second option is one proposed by Stenapa, which looks at aiming 
for ecotourism instead of high-end tourism and developing an eco-resort for these tourists.  
 
The effects of these two alternative projects will be set out against the effects of the golf resort project. 
The conclusions that can be drawn from this document will therefore be the impact the golf resort will 
have on the island and how this compares to the impact of the alternative projects. The report will also 
show the measures that can be taken to mitigate the negative impact and show the impact that will 
remain even after mitigation. 

 
An impact assessment is not a document that draws the conclusion whether or not the golf resort 
project should be approved. This decision lays ultimately with the island government, which should 
decide in consultation with the other stakeholders. During the decision making process, this document 
can be used to determine the consequences that a decision will have. 
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2 Scoping the impact assessment 
 
2.1 Who are the stakeholders 
 

 
The stakeholders are the people that are, in one way or the other, 
affected by the project. The initiative for the course was taken by the 
St. Eustatius Business Association (STEBA) and is now fully backed 
by the tourism development foundation and the local government. 
All three parties are main stakeholders of the project. 
 

STEBA 
 

Tourist Office 
 

Government 

 
The island is only reachable by Sea or Air, which makes the harbour 
and airport two important stakeholders. An increase in tourism to the 
island will affect the number of passengers of one or even both. 
 

Harbour 
 

Airport 

 
The resort would have to be run by an international resort group, like 
the Marriot, St Regis, etc. These large firms have the expertise to run 
a resort and also power and money to put in advertising. 
 

International golf-resort 
chain 

 
Even though the resort is planned on a nearly empty part of the 
island, there are some houses in the area, which may be affected. 
This makes the people living their stakeholders. Also the people who 
do not live in the area, but own or rent (long-term lease) a piece of 
land are stakeholders. 
 

Land/ house owners on or 
near the planned resort 

 
A part of the area falls under the protection of the STENAPA, the St. 
Eustatius National Park Association. They are a party that looks after 
the biophysical and natural aspects of the island. 
 

STENAPA 

 
Local businesses in the delivery industry, as bakeries, supply stores; 
transport shipping and local businesses in the tourism industry can be 
considered stakeholders. 
 

Local delivery- and 
tourism industry 

 
All inhabitants of the island may be considered stakeholders, as an 
increase in tourism and thereby an increase in inhabitants may 
influence all of them. 
 

All inhabitants 

 
There are also people outside the island that are stakeholders in the 
project, for example the shipping industry, which will have to 
transport addition goods to the island. Also the future employees can 
be regarded stakeholders, as well as future tourists. 
 

Shipping industry 
 

Future employees 
 

Future tourists 
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2.2 Stakeholder requirements 
 

In the initial requirements gathering phase, there where three interviews, with the St. Eustatius 
Business Association (BA), the tourist Office (TO) and STENAPA (ST), the environmental 
protection group. The STEBA and tourist Office represent the parties that have taken the initiative 
to create a resort. STENAPA is a major party because part of the golf course is on a protected 
piece of land, belonging to this group.  

 
St. Eustatius should aim to become an exclusive destination, 
comparable with what St Kitts is already at the moment Exclusive location TO 

The golf resort should add a large portion of the rooms to the 
island

Create exclusive golf 
resort TO 

The golf resort would have to decrease the social employment 
function of the local government Attract workers TO 

The golf resort management should have a reserve for 
marketing, taking the load of the government to do marketing 
for the island

Promote Island TO 

The goal of the golf course is to have spin of effects increasing 
the islands economy and the social position

Increase economy 
Increase society TO 

Care should be taken which people are going to work on the golf 
resort; people from the nearby islands, Dutch Antilles and 
Europe/ USA are no problem. Low educated people from for 
example the Dominica’s with big families will have a large 
social impact

Offer employment TO 

The unique things compared to other islands are the quietness 
and a lack of crime, these should be maintained 

Maintain quietness 
Maintain crime-free 

status
TO 

Having a beach would lift a constraint that is currently 
tempering the tourism development Create beach TO 

Because not all persons may like golf (partners of golfers), other 
attractions should be offered as well to keep those people happy Develop attractions TO 

The accommodations should be aimed at a tourist that wants 
luxury and quality in a discreet way

Create exclusive golf 
resort TO 

To support upper class tourists, the airport terminal and apron 
should be renewed. A VIP room would perhaps attract the very 
top of the market

Upgrade airport TO 

The beach from the waterline to the dunes is protected and 
should not be used due to sea turtles Protect Seaturtles ST 

Venus Bay houses the protected Iguana delicatissima; it is rare 
and only exists on 4 islands. The trees are important for the food 

of the iguanas and should be protected

Protect Iguana 
delicatissima ST 

The water next to Venus Bay and Zeelandia is important for 
fishery there are also corals nearby which should be protected

Protect Coral 
Protect Fishery ST 

Care should be taken with effluent water from a desalination 
plant, not to damage corals or impact fishery. 

Protect Coral 
Protect Fishery ST 
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Eustatius should aim to promote itself as the island of 
Archaeology diving history hiking and yachting  ST 

In protection of the sea turtles a golf course next to the dunes 
can keep the water edge dark and protect it against more harmful 

development
Limit seaside lighting ST 

The Netherlands wants St. Eustatius to be more independent by 
providing their own income Self-supporting island BA 

The local residence have to agree with the project Satisfy locals BA

The buildings have to fit in with the current style, this means a 
maximum of 2 floors Fit surrounding BA 

Offer employment for and thereby also increase the tax revenues Offer employment 
Increase tax revenue BA 

Increase the total government tax revenue due to the taxes that 
the golf course has to pay Increase tax revenue BA 

Double the islands economy by direct and indirect effects of the 
golf resort Double economy BA 

Decrease unemployment on the island Decrease 
unemployment BA 

Make it possible for Statians that had to move abroad because 
there wasn’t any work for them can return to the island

Provide work (to 
Statians) BA 

Increase the facilities and service levels on the islands Increase facilities 
Increase service BA 

Make sure the project fits in with the environment, as this 
increases the popularity of the golf resort with tourists

Fit (golf course) in 
environment BA 

The project should provide it’s own power, if possible using 
renewable energy sources. Provide power BA 
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2.3 Relevant legislation 
 
St. Eustatius is a part of the country of the Netherlands Antilles. The Netherlands Antilles itself is a 
part of the Kingdom of the Netherlands, which consists out of three countries in total; the Netherlands, 
the Netherlands Antilles and Aruba. While Dutch and European law is valid in the Netherlands, it does 
not apply to other countries of the Kingdom of the Netherlands and therefore is not valid on St. 
Eustatius. For relevant legislation it is therefore required to look at federal laws and island regulations.  
 
The island government sets the environmental laws. For the flora and fauna protection this means that 
the “island regulation protection fauna and flora” AB1997/06 and AB1997/07 are the relevant 
environmental laws. The second law is a specification of the first. Article 2 and 3 of the AB1997/06  
(referring to art I and II of the AB1997/07) state that it is forbidden to damage, catch, wound or disturb 
a certain number of plants and the iguana delicatissima.  

 
Article 5 states that the island government can assign certain areas with a status of unique landscape. 
Article 6 states that it is forbidden to change damage or destroy these landscapes. AB1997/07 gives an 
overview of these area’s, namely: “Boven”, “Venus”, “Gilboa Hill”, “Signal Hill” and “Bergje”. 

 
According to the AB1997/07 an exemption can only be obtained on the basis of an endangered traffic 
safety, the safety of private belongings and scientific research. This means economic development, 
which is the category a golf resort would fit it, cannot be a reason to grant an exemption. Building in 
Venus Bay will therefore require a change of the law itself. 
 
According to the environmental policy of the Netherlands Antilles1: 
“Environmental policy must be closely coordinated with other policy areas such as public health, 
spatial planning, industrial development, agriculture and fisheries, and must be clear and transparent. 
In the present situation economic development and poverty alleviation have the highest priority for the 
Netherlands Antilles, but sustainable development is only possible in combination with sound 
environment and nature policy. For example, without corals there will be less stay-over tourists and 
less economic development or a polluted environment and disappearing nature will cause new forms 
of poverty.” 

 
Even though law does not require an impact assessment, it still serves its goal in combining the 
various fields where effects occur and delivering a single report, which explains the effects of a 
decision. This is especially important in this case, as legislation is effectively blocking any changes at 
Venus Bay. An exemption according to the law is only possible on the basis of the safety of private 
belongings, scientific research or traffic safety. None of these can be used as basis for requesting an 
exemption for the golf resort at Venus Bay. If the golf resort is constructed it should therefore be clear 
what the impact is, so a decision can be made whether or not to change the law and allow a golf resort 
at Venus Bay. 

 
A requirement resulting from the legislation is the environmental impact on 
Venus Bay should be known and reported upon, enabling the government to 
make an informed decision about whether or not to change the law to allow to 
allow development, like a golf resort, in Venus Bay. 

Inform government 
 

Change Law 

 
 
 

                                                 
1 http://www.mina.vomil.an/Beleid/main.html 
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2.4 Local situation 
 
The golf course is envisaged in 
the Zeelandia and Venus Bay 
areas, as well as the pass between 
these areas. The Zeelandia area is 
relatively flat. It’s located on the 
eastern (Atlantic) side of the 
island. The total area, including 
parts of the surrounding hills, is 
71,5 hectares (176 acres). There 
are six houses in the area, as well 
as an abandoned hotel. A road runs all the way through Zeelandia, up to the entrance of Venus Bay. 
The area on the eastern side of the road (Zeelandia side) is covered mostly with high grass and very 
limited numbers of, trees and bushes. The coast is separated from the area with a cliff, varying in 
height to about 20m. Towards the northern part of Zeelandia the cliff decreases in height. The beach 
can only be accessed from the very northern part of Zeelandia. Nesting sea turtles, which have a 
protective status under international law, use Zeelandia beach. On the western side of the road there is 
a valley, in this area a lot of bushes and some trees are growing. Most of those are weeds though and 
can be removed. 

 
Venus bay is a somewhat isolated and 
private valley in the northern hills. 
From the sea the first 650m it slopes 
up lightly to a height of 40m. From 
this point the mountain becomes 
steeper, climbing an additional 65m in 
a distance of only 240m, this later part 
can be considered to be part of the 
passages between Venus Bay and Zeelandia. According to the domain office (domein), the Venus Bay 
area is 171,6 hectares (424 acres). Next to the bay area, this also includes the surrounding mountains. 
The mountains are suitable for construction of condominiums and hotel rooms.  
 
Between Zeelandia and Venus 
Bay there is a pass. The 
highest point of the pass is 
about 105m above sea level. 
From the 40m-height mark at 
Venus Bay and the entry of 
the pass at Zeelandia, the pass 
is about 850m long. The 
width varies but is no more 
then about 30 to 40m. At 
many points water erosion has 
caused deep cutouts, with 
only a couple of meters of flat 
surface. The pass would offer 
a great challenge for golfers, 
although even with a lot of 
groundwork, it may not be 
possible to offer a two-way, 
or in fact even a one-way golf course with a 30m wide fairway in this area. A challenging small 
fairway would have to be used here. The view from the pass is stunning, which may make up for the 
somewhat less wide fairway. As said the total length of the pass is 850m, of this distance, 
approximately 600m is on the Zeelandia side where there is a climb from approximately 20m above 

 

  

  
Zeelandia side  Venus Bay side 

 
Pass between Zeelandia and Venus Bay 

  
Zeelandia area

  
Venus Bay area
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sea level to 105m. This gives an average uphill slope of 8%. The Venus Bay side of the passage is 
only 250m long, with a height difference of 65m. This gives an average slope of 14.6%, although parts 
of it may be sloping much more then this. There is only limited vegetation on the Zeelandia side of the 
pass. Due to rainfall, there are guts on both sides of the pass that take the water from the surrounding 
hills towards the sea. There is a “goat track” along the whole length of the pass, a remembrance of 
earlier attempts to develop Venus Bay. This track can be made suitable for road traffic to Venus Bay. 
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3 Impact assessment 
 
3.1 Description of the project 
 
To study the impact that a resort will have, a preliminary design was created. This preliminary design, 
or concept of what the golf resort will look like, will be described below. The developer will naturally 
determine the final layout and design, however because the created design only looks at key 
components of the program and project, it is expected that the designs will not be much different. 
 
Functions 
Based on the stakeholder requirements, functions where set up (see paragraph 2.2). The functions 
where then ordered in a diagram using the Function Analysis System Technique (FAST), this FAST-
diagram is shown in appendix I. For each of the functions it was then determined what concrete things 
are required to execute these functions. For example in the case of “provide accommodation” one of 
the concrete “system bearers” is a hotel. By looking at the attributes of a function, more can be said 
about the kind of hotel needed. Because in this case the hotel should be aimed at the high-end of the 
tourism sector, the attributes include “luxurious, discreet, 5-star+”. The system solutions therefore are a 
5-star hotel and 5-star condominiums. The process of going from a function to a system solution can 
be found in appendix II. 
 
All system solutions where set out and ordered in appendix III. The resulting diagram shows the 
program function at the top of the tree. The program function is a “self-sustainable island”. Next to 
only listing the system solutions, some of them have been expended in more detail. The diagram is the 
provisional design for the golf resort project, or more generally the “self-sustainable island” program. 
Social, economic or environmental impact may occur at each of the system bearers, this means that the 
impact on each of these fields will be reviewed. 
 
The resort 
The resort will consist out of 156 hotel rooms and 40 condominiums (privately owned, but rented out 
when the owner is not using the villa). The hotel rooms will be set up for 2 persons per room, the 
condominiums for 6 persons. At a maximum occupancy there will therefore be room for 512 guests.  
 
The hotel will not be a single building, but will be spread out over several smaller buildings, for 
example with 2, 4 or 6 rooms per building. The condominiums will be detached.  
 
Centrally located there will be the main buildings of the hotel. Which include a number of restaurants 
and bars, a spa and swimming pool, meeting rooms, a small number of tennis courts and a small 
number of shops, including a supermarket.  
 
The resort will offer potable water, electricity, cable television, Internet and phone service. 
 
The golf course 
The golf course will have to be a top of the range facility. It will feature a club/ halfway house where 
golfers can signup for their round of golf, refresh themselves afterwards and can get a drink. Near the 
clubhouse will be the practice facilities, both for practicing putting and practicing long shots. To 
compete with other courses in the region, the fairway has to be around 6400m in length and on 
average 30m wide.  
 
The location 
The golf course feasibility study has indicated the Venus Bay area, in combination with Zeelandia as 
the most suited location for a golf resort. Due to the nature of the project and the project being located 
on a small island, the impact of the golf resort will be felt on the whole island. Both Venus Bay and 
Zeelandia have a beach. The beach at Venus Bay is limited in size, the one at Zeelandia is the largest 
on the island. At both locations swimming is unadvisable due to the undertow. The beach can and is 
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used for sunbathing and walking. The western (Caribbean) side also has a beach, but it is quite small 
and can “move around” due to the current and waves. Not having a large, white, beach that allows for 
safe swimming will put the resort and the island at a disadvantage over other islands in the region. It is 
therefore assumed that the resort will want to create a beach on the Atlantic (east) coast. This can be 
either in Venus Bay or Zeelandia or in fact both.  
 
Sustainable 
The development of the golf resort should be economically, socially and environmentally sustainable. 
 
The golf resort should as much as possible look at employing Statians to work at the resort. This has 
on forehand been set to reduce the effects of the project on the community. Statians will fit in best on 
the island, as they will already have family and friends and will share most of the values and believes. 
 
On the environmental field the resort should minimize its impact. The Iguana and the Sea turtle are 
two animals that use the region where the golf resort is envisaged. Care should be taken not to damage 
the populations of these animals.  
 
The economic sustainability of the golf course has been researched in the feasibility report. This report 
will therefore focus on the economic impact and will take the feasibility as a fact. 
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3.2 Impact and mitigation 
 
This paragraph will list the impact that a golf resort will have on the system solution and what mitigation measures can be taken to reduce the impact. The 
number listed corresponds with the number on the system solution diagram (appendix III). The higher order system solutions are a composite from the lower 
order solutions; this also means that the impact of the lower order solutions is added up to form the impact of the higher order solutions. 
 

Number System solution Description Mitigation required? 
1.0 Support Business The estimated number of jobs that will be created by the development of a golf resort is 

around 530. 75 people are estimated to get a job at the golf course, around 435 at the 
resort. The remaining jobs are in other sectors, like Medical service, water production 
and telecommunication. Statians living on the island can fill around 200 jobs, around 20 
would be available that are currently livening in the Netherlands. The total amount of 
Statians returning from abroad is estimated to be around 100. The remaining jobs could 
be filled with the unemployed on Saba and St. Maarten. Unemployment on these islands 
together is as high as 3.472 people [CBS, 2003].  

 
Around 490 additional people will come to the island, 75 of which are children. An 
estimated 165 single homes and 124 homes for families will be required. Housing can be 
provided by the housing foundation. As long as guarantees and a 3-year advance notice is 
given, the housing foundation can finance and build these houses and apartments. On the 
island enough space is available, there are plots at white wall (southwest side), behind the 
mountain (southeast side), Lodi (between Oranjestad and the upper town) and at the 
north side of the airport. When the houses are constructed on the northern side of the 
airport, traveling to the resort would be easiest for the employees and would cause the 
least amount of traffic problems on the rest of the island.  
 
The resort as well as the employee housing will together create a lot of waste material. 
The total amount will be around 2611 m3 annually.  
 
There will be a large requirement for electricity. The required electricity for the housing 
and the resort (at 70% occupancy) together is a maximum of 678.970 kWh per month. 
The power company on the island, GEBE, can provide this by expending the number of 
turbines. They are willing to finance the project as long as they have a guarantee that they 
can deliver the power to the resort.  
 
The guarantee could be a pre-investment by the resort, which will be paid back by the 
resort. Renewable energy, in the form of windmills, will require a large investment. Most 
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likely GEBE will not be willing to invest in the backup equipment for periods when there 
is not enough wind, as it is hard to get a return on that investment. The resort would 
therefore have to create its own backup plant. The payback time of windmills for the 
resort would therefore be just over 10 years.  
 
The water for the resort and golf course would have to be delivered by a reverse osmosis 
installation. This installation converts seawater into irrigation and drinking water. The 
installation would be backed up by a large irrigation pond, which would store rainwater 
and excess irrigation water that was caught by drainage. The water requirement depends 
highly on the kind of grass that is chosen for the golf course. If the “standard” Caribbean 
golf grass specie, “Bermuda grass” is chosen, the capacity of the RO-plant would have to 
be 2850 m3/ day (2.850.000 liter). If a more drought resistant grass, Seashore Paspalum, 
is used, the RO-plant capacity could be reduced to 1800 m3/ day (1.800.000 liter). In both 
cases the potable water required would be around 80m3.  
 
By placing reef balls or another form of barrier in the sea, the undertow that currently 
makes swimming on the Atlantic coast impossible, can be stopped. At the same time this 
will stop the beach erosion from the sea, which will cause the beach to extend into the 
sea. At Zeelandia, there already is a large beach area; at Venus there is a somewhat 
smaller beach. The sand on St. Eustatius does not have the Caribbean white color that 
tourists have come to expect. It could be considered to import white sand.  
 
Most shops will be affected by the increase in the population; the turnover will most 
likely go up. The financial aspect of this is handled in 3.0. The phone/ internet company 
(Eutel) will require at least one additional person handling service. 
 
There are three primary schools on the island. They will grow with about 50 pupils. 
There is one secondary school, which will grow with around 32 students. Both types of 
school can cope with the increase in students without problems. The third primary school 
has only recently started, receiving students from the other two. This has left capacity for 
the additional students. The secondary school can accommodate the students by 
extending the school schedule by a few hours. 
 
When the resort is completely full, there will be 552 guests. With an average staying time 
of 1 and a half weeks, the required air transport would be 85 seats, counting both 
direction, so 43 per direction. At 70% occupancy of the resort this would be an average 
of 30 per direction. Arriving passengers will most likely be centered on the afternoon and 
evening flights, with departing passengers being centered around the morning flights. 
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There may also be increased demand in the weekends. According to the feasibility study, 
based on talks with Winair, there should be no problem with the airlift of these persons. 
The Winair aircraft are not very comfortable though and may not be up to the standard 
that the kind of tourists that are being aimed at require. 
  
The effect on business will not start when the resort opens. It will already start when 
construction commences. At this time there should already be housing available for the 
construction workers coming in from off the island. Construction will require a large 
amount of materials to be moved to the island, which means a lot of activity in the port. 
Finally, the additional people will be spending money on the island, supporting the local 
economy and increasing the tax income for the government. This is covered in more 
detail in 3.0. 
 

1.1 Offer tourist 
attractions 

Offering tourist attractions consists out of two major elements. Firstly increasing the 
facilities, like the golf resort and a beach. Secondly it is also important to increase the 
services available on the island. 
 
The golf course will require substantial amounts of water and electricity. The local 
energy company, GEBE, can generate the electricity. Powering the resort with wind 
energy is possible, although the payback time on that investment is long and it is doubtful 
if GEBE will want to invest in the required backup installation or the resort will have to 
create its own. Most likely wind energy is only feasible if it helps in promoting the resort. 
 
The water system will consist out of a storage pond, a reverse osmosis installation and 
drainage. The reverse osmosis plant will generate the water for the resort; this is potable 
water and irrigation water. The irrigation water will be supplemented with the water from 
the storage pond, which contains rainwater (gathered from the golf course and the roads) 
and excess infiltrated and irrigation water that was collected in the drainage system 
running under the golf course. 
 
Together, the facilities and services necessary to offer tourist attractions will generate 
around 610 jobs. Statians living on the island can fill about 200 jobs; the remainder will 
have to be filled by people off the island, preferably Statians living abroad or people 
from the other island of the Dutch Antilles. Since the unemployment on St. Maarten is 
relatively high, this could be a good source for employees.  
 
The resort aims on a group of people that is not currently visiting the island in large 
numbers. There are currently no services or activities on the island aimed at the upper 

Upscale activities 
When local companies and not the resort provide 
activities and services, the money spend by 
tourists will stay on the island. This will be 
beneficial for the economy and also increase tax 
income for the government. Services could be 
upscale restaurants, activities like Para-sailing, 
surfing, jet ski rental, boat rental, boat trips, 
diving, etc. When a resort is created the 
government should promote, perhaps with tax 
measures or subsidies, the creation of these 
facilities as keeping as much of the tourists money 
on the island is important for the economy. 
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part of the tourist market. It is possible to have the resort develop all these activities and 
services. The money the tourists spend on these things will however go to the resort and 
will not benefit the people on the island. 
 

1.1.1 Increase services The golf resort will have a big impact on the energy supply; the energy production of the 
island will have to be increased by about 50%. The islands energy company, GEBE, is 
willing to finance the expansion that is required for the power plant. They are also 
willing to supply and lay the electricity lines to Zeelandia/ Venus Bay. They have to be 
assured that the resort will be there for some time to be able to get a return on their 
investment. For this reasons prefinancing of the operation may be required for the resort. 
 
• Two additional generators 1.2 mW, 6100m additional underground power line to 

Venus Bay 
• Electricity cost at 100% occupancy per year, US$ 2.160.500 and at 70% around US$ 

1.512.111.  
• No backup system required, as GEBE already has such a system. 
• Wind and tidal energy are unable to power the resort on their own; when enough 

wind/ waves are available they could be used as support to the generator, which could 
save fossil fuels. Further research to these systems would be required. 

 
There is not enough water available on the island for the resort. A reverse osmosis plant 
exists, but the capacity is far too small. The resort would have to construct its own reverse 
osmosis plant, most likely in the Zeelandia region. The required amount of water depends 
largely on the grass specie that is chosen. Selecting a grass with lower water consumption, 
like the Seashore Paspalum specie, can save 34% on the water usage. Around 37m3 can be 
saved when shower and sink water is re-used to flush the toilets. 5 to 8% of reverse 
osmosis water can be saved when rainwater is collected and used for irrigation. 
 
• By Selecting the Seashore Paspalum grass instead of the commonly used Bermuda 

grass, 34% water and electricity cost can be saved. 
• The yearly savings from an irrigation pond with rainwater are 5 – 8%  
• A Reverse Osmosis plant should have a capacity of 1800 – 2850 m3/ day, of which 

about 80 m3 is potable water.  
• Water for the toilet can be supplied by rainwater and by collecting and reusing water 

from the shower and sink. 
• 8 Jobs 
 

Mitigation of electricity generation 
To reduce the environmental impact and 
especially the use of diesel fuels and emissions 
caused by that, it would be possible to use 
renewable energy sources. Possible sources are 
wind, solar and wave energy. Since solar and 
wave energy are highly expensive, wind energy 
would be the most affordable solution. Using data 
gathered in Friesland, the Netherlands, four wind 
turbines could power the resort. An additional two 
would be needed as backup due to maintenance 
and breakdowns. 6 windmills could power the 
resort, backed up with 2 generators. This setup has 
a payback time of over 10 years. 
 
Mitigation effects of water production 
There are some worries about using a reverse 
osmosis plant. The salinity of the ocean is 
normally around 34.500 PPM. Due to the use of 
reverse osmosis plants, at some places in the 
middle east the salinity has gone up as high as 
40.000 PPM. This can potentially hurt the sea life. 
Since the Sea and especially the coral are major 
tourist attractions for the island, care should be 
taken not to damage it in this way.  
 
The first three measures that can be taken are all 
intended to reduce the amount of water that is 
required. These mitigation measures are: 
• Selecting the Seashore Paspalum grass instead 

of the commonly used Bermuda grass, 34% 
water and electricity cost can be saved. 

• The yearly savings from an irrigation pond 
ith i t 5 8%
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The hospital only delivers first line care, there are no surgeons and even a large increase 
in inhabitants will not make surgery possible. Additional inhabitants on the island will 
create extra pressure on the hospital; this requires 10 additional beds, with the option to 
temporarily increase the capacity by 15 beds. This will require 1 extra general 
practitioner and 5 to 6 nurses. It will also require an extension of the hospital with about 
4 rooms. Since the hospital is a government service, the government would have to bear 
the cost of the extra personnel and the construction of the rooms. Statistically the number 
of patients traveling to St Maarten for medical purposes will increase, as well as the 
number of ad-hoc emergency flights. The last one will increase by 1 to about 3 a month. 
The first one will increase with an unknown number as the number of flights for medical 
purposes is not tracked. 
 
• 4 additional rooms required (lasting capacity of 10 rooms, temporary increase of 15 

beds) 
• 5 – 6 additional nurses required. Opportunity for working together with the medical 

school if they decide to start a nursing class. 
• 1 additional general practitioner required 
• Possible increase in lab equipment required, to be able to treat people more efficiently 
• Statistical increase of the medical flights by Winair or by the medical airlift service to 

around 3 times per month. 
• The hospital is a government service; the government would have to pay for the 

construction cost of the additional rooms. They would also have to pay the additional 
wages of the nurses and the medic. 

 
Total jobs added by an increase in services would be 14 –15. 
 

with rainwater are 5 – 8% 
• Water for the toilet can be supplied by 

rainwater and by collecting and reusing water 
from the shower and sink. 

 
Another measure can be taken to reduce the 
effect, which is to discharge the effluent water of 
the RO-Plant at a place where there is a large 
enough current to disperse the water containing 
the higher salt percentage: 
 
• Discharging the effluent water of the RO-plant 

using a tube to such a location where the 
current will disperse the water of a large area 
will mitigate the potential negative effect of 
salinity buildup. 

 
Mitigation effects on hospital 
Mitigation of the effects on the hospital is not 
possible; an expansion of the medical care will be 
required. 
 

1.1.1.1 Provide electricity There are several ways in which electricity can be produced. GEBE, the islands electricity 
company currently uses diesel engines.  
 

The energy required for the golf resort, at maximum occupancy is around 24.365 kWh/ 
day (1.1.2) 
The energy required to power the additional houses and apartments is around 5.833 kWh/ 
day (1.1.1.1) 
 

GEBE can provide the electricity required by adding two additional 1.2 mW generators 
and laying approximately 6100 m of underground electricity cable. This would together 
cost around US$ 1.990.000. GEBE is willing to invest in this, as long as they have some 

Mitigation measures handled in 1.1.1 
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certainty that the resort will be there for an extended period. Such a certainty could be 
prefinancing of the installation by the resort, where the resort would be paid back by 
GEBE over time. 
 
The yearly cost of electricity would be around US$ 2.054.260 at a 70% occupancy rate. 
  
By using power from the islands power plant, only two additional generators have to be 
placed at GEBE. If the resort would need its own power plant, it would need at least 4 
generators, 2 running and 2 backup generators. GEBE already has these two backup 
generators. 
  
Wind energy could be used, in case there is enough wind available, to reduce the power 
required from the generators. This would save fuel and therefore save cost. The same 
applies to tidal energy. In both cases further study would be required to review the 
contribution they can deliver to the power supply and the time required to pay back the 
investment made for them. 
 
Impact: 
• Construction and distribution of the electricity system by GEBE, although 

prefinancing the installation by the resort may be required to give enough certainty to 
GEBE to do the investment. 

• Two additional generators 1.2 mW, 6100m additional underground power line to 
Venus Bay 

• Electricity cost at 70% occupancy around US$ 2.054.260 per year.  
• No backup system required, as GEBE already has such a system. 
• Wind and tidal energy are unable to power the resort on their own; when enough 

wind/ waves are available they could be used as support to the generator, which could 
save fossil fuels. Further research to these systems would be required; on first hand 
neither method seems to be economically viable.  

 
1.1.1.1.1 Energy plant Diesel generator: Total: 20.090 kWh/ day 

Diesel generators currently power the island. At the moment there are 6 generators, with 
a 7th currently being installed. At the moment the energy production is around 1,7 mW 
per day. The required amount of 20.090 kWh/ day would give a necessary amount of 
power of around 0,84 mW per day. Additionally there would be extra households on the 

Mitigation measures handled in 1.1.1 

                                                 
2 http://home.wxs.nl/~windsh/basics.html 
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island. The average household currently uses 424-kWh/ month (2005, double phase 
connection, data from GEBE). In 1.4 it was determined there will be 360 extra 
households, which means around 152.640 kWh per month, which is 5018 kWh per day 
or 209 kW on average. 
 
The total amount of extra power needed would therefore be in the region of 1.1 mW per 
day, when the golf resort is running at 70% capacity (around 1.4 mW at full capacity). 
According to GEBE the following steps would be required if they are to provide power 
reliably to the golf resort and the new houses. 
 

Impact 
• 2 new generators, each with a capacity of around 1200 kW. Generators of this kind 

would cost around NAF. 1 – 1.5 million.  
• About 4600 m of underground power line to Venus Bay. There is currently no line 

that goes all the way to Venus Bay and an underground line would significantly 
reduce the chance on power cuts. An additional 1500m of backup double wiring from 
Grovell to Venus Bay would suit the same purpose. According to Mr. Paul Ideler 
(Distribution manager GEBE, St Maarten) the cable would cost about NAF.60 per 
meter trench and NAF.50 per meter cable. The power line would therefore cost 
around NAF. 581.000 (US$ 332.778).  

• Fuel use of this installation would be approximately 0,28 liter/ kWh (Figure from 
GEBE). This will result in an extra usage of 8736-liter diesel/ day. 

 
The cost of power on the island is highly dependent on the price for diesel fuel. There is 
a so-called fuel clause, which changes monthly, based on the price diesel fuel. For 
example for the month of October 2005, the fuel surcharge was 0.3038 NAF./ kWh. For 
the month of November it was 0.2810 NAF./ kWh. Since the fuel price is unpredictable 
and over the past time has fluctuated quite a bit, the price of fuel will most likely 
continue to do the same. 
 
GEBE has had a fixed rate for the electricity since the 1960’s, which is not expected to 
change significantly. As a bulk consumer the golf resort may be able to negotiate a 
lower tariff, however this cannot be taken into account at this moment. The rate for the 
first 100 kWh is NAF. 19. After that, the next 900 kWh is NAF. 0,17 / kWh. For 
anything above that, the rate would be 0,15 NAF./ kWh.  
 
Assuming a 70% occupancy and a direct relation of the electricity usage with the 
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occupancy, the power usage of the resort would be (365/12) * 20.090 kWh = 611.071 
kWh/ month. The electricity use for the additional houses would be 152.640 kWh. This 
in total comes down to 763.711 kWh/ month, the cost would therefore be NAF. 114.579 
for the energy + NAF. 232.015 fuel surcharge + NAF 0.25 stamp charges, so NAF. 
346.595 per month (US$ 192.553).  
 
Impact: 
• Energy cost of around US$ 192.553 per month, or US$ 2.310.633 per year at 70% 

occupancy. 
 
GEBE is willing to pay for both the power line / connection to the resort as well as for 
the generators. They will however need to be convinced that the Golf resort is not a 
temporary thing, but will be there for considerable time before willing to do investments. 
A possible option for this would be that the resort pre-finances the investment and 
GEBE will pay them back. 

 
Wind energy: 
Wind turbines provide wind energy. The amount of energy delivered by a wind turbine 
depends on many factors2. Wind speed, height of the windmill, proximity to the sea, 
obstacles in the terrain and the size of the blades.  
 
According to GEBE windmills cannot power the resort alone. They deliver power only 
when the wind is blowing, which means for periods that there is no wind, another 
solution has to be found. There is a system that creates hydrogen, from water, using the 
excess electricity in times there is wind. The hydrogen can then be used to power a 
generator when there is not enough wind. Currently such a system is in use in Norway, to 
power 10 houses on an isolated island. Further study would be required to review the 
feasibility of such a system powering a golf resort.  
 
An 850kW wind generator with a height of 40m and a blade diameter of 52m provides, in 
the Dutch province of Friesland, approximately 2.300.000 kWh per year. This is on 
average 6300 kWh / day. With the required amount of energy, 4 of these windmills could 
theoretically power the golf resort. To have a backup and for increased reliability, 2 
additional wind turbines could be placed. In case there is no backup, like the hydrogen 
system, the power plant (GEBE) would still need to deliver the same amount of 
electricity in times of no or very little wind. The advantage of the windmills in that case 
would be that the amount of electricity that is used on a monthly or yearly base would be 
lower. 
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A single 850kW wind generator will cost around NAF. 2.129.000. (1,02 million euros at 
an exchange rate of 2,087) In The Netherlands such a generator creates 6.300 kWh per 
day. 6300 kWh of electricity per day would cost around NAF. 28.766 per month, or 
NAF. 345.189 per year. They will need maintenance for which personnel is required. 
With 3 persons doing maintenance and disregarding material replacement costs, the cost 
for maintenance would be around US$ 36.000/ year, or NAF.64.800/ year.  
 
For GEBE it would not be viable to invest in two additional generators that are only used 
as backup to wind turbines, as the investment would take a very long time to pay back. 
For this reason it would be the resort that would have to buy these two backup 
generators. This adds another US$ 1 – 1.5 million per generator. 6 windmills are required 
instead of 4, to have backups in case of breakdowns and maintenance and 2 generators 
will have to be acquired. If it is assumed that the wind turbines can power the resort for 
75% of the time, the payback time of the wind turbines can be calculated.  
 
The cost of acquiring and installing the wind turbines and generators will be around 
NAF. 15.274.000. They will save 75% of the fuel cost, so the cost of fuel will be reduced 
to US$ 577.658 per year. The cost of the 3 person staff is NAF. 64.800 per year. The pay 
back time based on these numbers therefore is just over 9 years. Since the calculation 
does not include replacement of parts, the real pay back time is probably even higher, 
making wind energy a more expensive solution. Using wind energy can however 
strengthen the position of the resort as “green”, which can be a good for promotional 
means. Using wind energy would save on Diesel and reduce the environmental impact. 
 

Impact: 
• US$ 1.183.000 construction cost per wind turbine 
• 6 wind turbines, 40m high, 52m rotor diameter, 850kW turbine could power the resort 

at times when wind is available. 
• Average daily capacity 25.200kWh / day using 4. 
• 3 Jobs running and maintaining. 
• 2 backup generators in case of limited wind power. 
• Over 9 years payback time. 
 

Tidal energy plant 
A tidal energy plant is an energy generation plant that supplies energy generated by 
waves. This kind of plant is already used on the island of Islay in Scotland. This produces 
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on average 202kW, which means 1.800.000 kWh per year. Since tidal energy is a 
relatively new power source, it is hard to estimate the cost. There is information about a 
5mW facility, which would cost around 20 million pound sterling. A 5mW facility 
produces around 120000kW per day, which is too much, a facility half the size would do 
well too. Assuming that a facility half the size could be half the cost, the cost would be 10 
million pound sterling, or at a conversion rate of 1.726, US$ 17.260.900. 
 
Impact: 
• US$ 17.260.900 construction cost 
• Tidal power generator, 2.5mW, 60.000kWh/ day on full capacity. 
• 3 Jobs running and maintaining. 
• Power backup needed for times when waves are not strong enough. 
 

1.1.1.1.2 Power backup When GEBE delivers the power, no backup will be required as the electricity company 
already has two backup generators available. In a worst-case scenario they would be able 
to switch to the generators of the oil terminal. By creating the underground electricity 
wires, as described in 1.1.1.1.1, the chance of failure of the electricity supply is greatly 
reduced. 
 
Impact: 
• No power backup required 
 

No mitigation required 

1.1.1.2 Provide water Three kinds of water are needed. Potable water has to have the highest quality as it used 
for preparing food and human consumption. Gray water is used where no human 
consumption can take place. Irrigation water will be used to irrigate the golf course. 
 
• Potable water: 74,2 m3 / day 
• Grey water: 37 m3 / day 
• Irrigation water quantities are dependant on specie of grass used for the course: 

Seashore paspalum: 220.643 m3/ year (maximum 1567 m3/ day). 
Bermuda grass: 337.714 m3/ year (maximum 2507 m3/ day) 
 

Because there are many possible ways to provide water for the golf resort, a study to the 
most appropriate way to provide water has been performed, this study has been included 
in appendix V. The conclusions from this study are that no matter what kind of grass is 
chosen, the irrigation will always have to rely for a large part on a RO-plant (Reverse 
Osmosis plant). The RO-plant will also provide the resort with drinking water. If the 

Mitigation measures handled in 1.1.1 
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Bermuda grass is used, a RO-plant is needed with a maximum capacity of around 2850m3 
per day. The yearly cost for powering this installation are expected to be around US$ 
100.650 per year. A large saving could be the use of Seashore Paspalum instead. This 
grass uses about 34% less water. The maximum capacity of the RO-plant in that case 
could be 1800 m3 / day. The electricity consumption per year would be around US$ 
59.750. Creating a large irrigation pond would save around US$ 4.623 annually. The 
resorts grey water supply, for flushing the toilet, can be provided by collecting the water 
from the shower and rainwater from the roofs. 
 
Impact: 

• By Selecting the Seashore Paspalum grass instead of the commonly used Bermuda 
grass, 34% water and electricity cost can be saved. 

• The yearly savings from an irrigation pond with rainwater are 5 – 8%  
• A Reverse Osmosis plant should have a capacity of 1800 – 2850 m3/ day, of which 

about 80 m3 is potable water.  
• Water for the toilet can be supplied by rainwater and by collecting and reusing water 

from the shower and sink. 
• 5 jobs RO-plant, 3 jobs maintenance of the water system. 
 

1.1.1.2.1 Water catchment See impact study water system appendix V and 1.1.1.2. 
 

See 1.1.1.2 

1.1.1.2.2 Water purification 
plant 

See impact study water system appendix V and 1.1.1.2. See 1.1.1.2 
1.1.1.2.4 Water storage To prevent problems in the water supply when there are problems with the RO-Plant, 

storage for 2 to 3 days would be required.  
 
For the drinking water the required storage would be 150 m3. This could be combined 
with a water distribution facility (1.1.1.2.5).  
The storage of water for irrigation would be 3200 – 5000m3. This is most likely not 
possible in a closed storage facility, but would require a storage pond. This will however 
create water loss due to evaporation. The deeper the pond, the lower the loss will be. By 
draining the golf course, excess irrigation water can be returned to the pond, making sure 
no water is lost. 
 
The grey water from the showers and sink and the rainwater from the roofs would need to 
be stored as well. This can be done at each of the individual buildings, for example in a 
cistern under the building. 
 

Water storage 
Creating any form of open water storage will 
mean a lot of loss due to evaporation. The yearly 
average evaporation is around 2160mm. This 
means that the less water surface there is, the 
better. Water storage ponds should therefore be 
created as deep as possible, to get the most 
amount of storage with the least amount of water 
surface. 
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1.1.1.2.5 Water distribution The RO-plant will must likely be constructed on Zeelandia, to be near the golf course, as 
this is the biggest water user. This means that a relatively small amount of the water needs 
to be pumped to Venus Bay. The water pipe could either be constructed over, through or 
around (via the eastern side) the mountain between Zeelandia and Venus Bay. Creating a 
storage tank for the potable water somewhere up the hill at Venus Bay will make sure that 
the distribution of water on that side can be on a free flow basis, due to gravity. The only 
pumps required could be large pumps transporting the water to Venus Bay. By using a 
few large pumps instead of many small ones electricity can be saved. 
 
At the Zeelandia side pumps will be required to distribute the water across the golf 
course. Since the electricity usages of pumps depends highly on the height, the distance 
and the pressure they have to provide, no indication can be given about their power use. 
 
Impact: 
• 2 Jobs 
 

Mitigation water distribution effects 
It will not be viable to have a RO-plant on both 
the Zeelandia and Venus Bay side. Therefore the 
water will have to be pumped to Venus Bay. 
Because the amount of water needed at the 
Zeelandia (golf course) side is much larger, the 
RO-plant should be placed here. This will save on 
the amount of water that has to be transported.  
 
The water in Venus Bay should be stored at least 
10m above the highest facility there, this way the 
water distribution at Venus Bay can be a free flow 
system. No pumps will be required in that case. 
 

1.1.1.3 Provide medical 
service 

The Hospital currently has 20 beds. When needed it can handle at maximum 30 beds, but 
not sustainably. There are two general practitioners, a dermatologic and a dentist. There 
are no surgeons or specialists (other then the dermatologist) and therefore a person that 
needs surgery will need to be moved to St Maarten, or in severe cases even to Curacao.   
 
Normally a person that needs a specialist can travel to St. Maarten or St. Kitts by plane. In 
urgent cases there is the possibility to call Winair and get them to send a plane to fly a 
person to the hospital. It is also possible to get the medical airlift service, but this is only 
for urgent cases that need to get special treatment in Curacao, or in case of (American) 
tourists, probably San Juan. At the moment these special flights happen a few times per 
month. 
 
Increasing the number of persons on the island with about 1000, to 4100, will not affect 
the hospital much. Currently there is overcapacity in the number of doctors and the 
number of beds available.  
 
Impact: 
• Statistical increase of the medical flights by Winair or by the medical airlift service to 

around 3 times per month. Increase in ‘hospital’ passengers on normal flights, 
although it is hard to estimate by how many. 

• The hospital is expected to generate a larger income; due to a statistical certain 

Medical care 
There will be an increased demand for medical 
care, however this can be absorbed with the 
current capacity. 
 
It is not viable to offer surgery on St. Eustatius, 
not even with the increased number of residents 
on the island. 



34 

increase in patients. 
 

1.1.1.3.1 Doctors office Currently there are two general practitioners, a dermatologist and dentists on the island. 
This is an overcapacity, no additional persons are needed when the number of people on 
the island increases by a 1000. 
 
In times of need (for example in the case a hurricane would hit the island), the hospital 
can rely on the help of the medical school, which adds at least 12 doctors. Some of the 
students are trained nurses, which can also help in the case of emergencies. 
 
Impact: 
• None 
 

 

1.1.1.3.2 Other hospital 
agreements and 
transport 

For surgery and specific medical care patients are send to the hospital in St. Maarten and 
even to Curacao, or in case of (American) tourists probably San Juan. In non-urgent cases 
they can take the scheduled flights. In urgent there are arrangements with Winair to 
provide at hoc medical flights. The same agreements exist with a special medical airlift 
unit in case of transport to Curacao. At the moment the urgent flights take place 1 or 2 
times a month. With a population increase of 33%, this can be assumed to increase by 1 to 
3 times a month. 
 
Impact: 
• Statistical increase of the medical flights by Winair or by the medical airlift service to 

around 3 times per month. 
 

Increased medical flights 
Not significant, no mitigation required 

1.1.1.4 Offer taxi/ shuttle 
service 

The taxi/ shuttle service was already included in 1.1.2.2.6.  See 1.1.2.2.6 
1.1.1.5 Offer 

telecommunication 
Eutel provides the telephone and internet service on the island. Due to the nature of the 
telecommunication business, they already have most of the equipment necessary to 
expand. There would be a 30 – 40% growth in the number of fixed phone connections. 
The number of mobile connections would most likely also increase significantly, although 
it is hard to estimate by how many. 
 
Eutel can finance the infrastructure for the required expansion. It would most probably 
consist of a wireless connection between Venus Bay and Eutel, as cables would be more 
costly.  
 
There are no expected problems in either meeting demand for high-speed internet access 

No mitigation required. 
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or the increase in mobile or fixed telephones. For high speed internet there is an 
alternative in getting satellite internet. To get the contract for the golf resort Eutel will 
have to look into offering faster internet and higher reliability. 
 
To provide service, especially for the internet connections, at least one additional job 
would be required. 
 
Impact: 
• 1 Job (at least) 
• Increase income Eutel 
 

1.1.1.6 Provide harbour 
facilities 

The harbour will not be significantly affected by the construction of a resort. With the 
current facilities the harbour can handle even a 50 or 60% increase in cargo. The harbour 
can also take passenger traffic.  
 
There are plans to privatize the harbour and to expend the pier and increase the water 
depth to allow larger boats. There are also plans for a marina for up to 80 yachts; 
investors however are needed to execute this plan. The expansion of the pier will allow 
smaller cruise ships (up to 450 – 500 passengers) to dock. 
 
Plans also exist for a scheduled mixed freight and cargo service to Saba, St. Kitts and St. 
Maarten, using boats that can hold around 80 passengers and 10 containers and would be 
able to travel from St Maarten to St. Eustatius in about 1hr and 30mins. By providing a 
comfortable boat service, the problem that the comfort of the Winair aircraft may pose 
will be mitigated. (Also see 1.0) 
 
The privatization of the harbour, expansions of the pier, construction of additional 
breakwaters and a marina as well as the boat service are all projects that are being worked 
on already. They will have a beneficial impact on the resort, but are not constructed 
because of it.  
 
The impact of the resort on the harbour is therefore limited to an increase in income due 
to mooring charges and cargo charges. 
 

No mitigation required. 

1.1.2 Increase facilities In total the land use will be 800.000m2. The whole island has a land surface of 
21.000.000m2. This includes the Quill and the northern sub sector. With the construction 
of the golf resort, a large area of land that can also be used for different purposes is 

Land use 
The amount of land occupied by the resort is 
significant, but cannot be mitigated.  
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therefore taken away.  
 

Next to the land it occupies, the golf resort will also use the pass between Zeelandia and 
Venus Bay. This is currently the only way to go to the northern part of the island. By 
restricting access to this pass, effectively the whole northern part of the islands becomes 
inaccessible for non-guests of the golf resort. 
 
The effects will not start with the opening of the resort; they will already start in the 
construction phase. Already at this point will jobs be created and taxes be coming in. 
Construction can potentially have significant effects, for example in the required housing, 
the income generated and transport and hindrance. For this reason it should be reviewed 
for it’s impact. The system bearer construction (1.1.2.2.8) was added for this reason.  
 
With 60% occupancy there will be an average 332 tourists staying at the resort. Next to 
spending money on the resort, they can potentially also be a source of income for other 
businesses on the island. Additional facilities will have to be created for this though. At 
the moment there are a few restaurants, but they may not have the quality an upscale 
tourists expects or will be able to get in the resort. Diving may be the only activity that 
would attract these tourists. By improving the quality of current facilities and offering 
new ones aimed at the upscale tourists, like boat tours and guided hikes to the Quill 
additional income can be generated and jobs created. 
 
Impact: 
• Guest: 552 
• Jobs: 592 
• Water requirement: 

• Potable water: 74,2 m3 / day 
• Gray: 37 m3 / day 
• Irrigation: 576 m3 / day 

• Energy 
• Total: 26.898 kWh/ day 

• Airlift: 85 passengers per day (counting both directions) 
• Wastewater 

• Grey: 70,85 m3 / day 
• Black: 40,35 m3 / day 

• Solid waste 
• Total waste: 1105,7 m3 / year 

 
The northern sub-sector should be kept reachable. 
This can be done by creating a new route over the 
hills, or allowing everybody to enter the pass 
between Venus Bay and Zeelandia and thus the 
grounds of the golf resort. 
 
Additional effect tourism 
Currently the island is not oriented to up-class 
tourism. There are no other specific facilities or 
services for this group. By not having any 
facilities for these people, like a couple of good 
restaurants, guided tours, boat rental, boat tours, 
etc, additional money that can potentially be 
obtained will be wasted. So to mitigate this effect, 
additional tourism facilities, for example those 
previously mentioned, should be created. 
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• Space 
• Total build: 248.855 m2 
• Total land use: 800.000 m2 

 
1.1.2.1 Beach Not having a clean, white, large beach with the ability to swim in the sea puts St 

Eustatius at a disadvantage compared to the other islands with resorts. STENAPA is 
working on a beach project on the Caribbean side of the island. When realized (currently 
the start of this project, according to STENAPA, is planned for 2006) this beach will be 
located approximately 4km from the resort. The beach is constructed using a procedure 
called “reef ball”, whereby hollow concrete “balls”, with openings are put in the ocean, 
forming underwater dams. Coral and other sea life will grow on these balls. The also 
block or diminish the current and waves, preventing beach corrosion and actually 
allowing the beach to grow. 
 
According to STENAPA the reef balls would also be an excellent solution for creating a 
usable beach at Zeelandia. Next to making sure that swimming will become possible, due 
to a diminished undertow, the beach will grow in size due to decreased erosion. Next to 
the reef balls to stop the undertow and erosion from the seaside, the water coming from 
Zeelandia should also be collected before reaching the sea. It can then be used for 
irrigation purposes for the golf course and will at the same time stop erosion of the beach 
from the landside, which currently this is a big problem. Next to the Zeelandia area, the 
method can also be used at Venus Bay for the creation of a beach. 
 
Nestling sea turtles are using the beach at Zeelandia but these only come onshore during 
the night, more about this at section 2.1. 
  
Lifeguard service should be offered at any beach that the resort advises to its guest. 4 
Lifeguards would be sufficient. 

 
Impact:  
• Competitive constraint lifted by creation of beach on resort, beach will grow in size 

some 50ft (15m) due to lower erosion. 
• 4 Jobs as lifeguard 
• Coastal protection by preventing erosion. 
• Collecting rainwater from the hills and the Zeelandia area will stop erosion of the 

beach from the landside and it can be used as source of irrigation water. 
 

Using Zeelandia beech 
The potential negative impact of using the beach 
can be the littering. Installing some litterbins on 
the beach and putting up signs to explain why it is 
important not to litter can reduce the amount of 
littering. To maintain a clean beach for the guests 
it is also important to reduce rubble on the beach, 
which means it is just as much in the interest of 
the resort as it is to STENAPA and the sea turtles 
to keep the beach clean. 
 
By not having the beach lit at night, people are 
discouraged to go to the beach at that time. This 
will also prevent young turtles to go inland instead 
of into the sea when hatching. 
 
By catching inland water for irrigation use, before 
it reaches the beach, less RO-water is needed and 
the beach erosion will be greatly reduced. 
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1.1.2.2 Golf resort 5-star+ A resort should offer facilities for Business or wedding receptions. Comparable resorts 
have meeting rooms with sizes between 67m2 and 320m2. Total floor surface of the 
rooms is 1160m2 
 
Next to the given surfaces, a golf resort should be located in a landscaped area. There 
should be a park like area, where possible using as much of the current nature as 
possible. The total area of the golf resort will be around 80 hectares, which means a 
landscaped area of about 55 hectares.  
 
The golf course will use most of the Area of Venus Bay and Zeelandia. Since Valero, the 
oil transshipment and storage company, owns the northwestern side of the island, the trail 
from Zeelandia to Venus Bay and beyond, is currently the only public way to get to the 
northern part of the island. When the golf resort is created, this passage will most likely 
be made private and part of the resort. This would effectively block access to the 
northern part of the island for non-guests of the resort. 
 
At a 60% occupancy rate, the number of departing passengers will be around 26 each 
day. They will have to pay a departure tax at the airport. If assumed that half will take the 
flight via San Juan (US$ 12) and half via St Maarten (US$ 5.65) then the daily income 
will be US$ 229.45, the yearly income is therefore US$ 83.750 (NAF. 150.750). 
 
Impact: 
• Guest: 552 
• Jobs: 510 
• Water requirement: 

• Potable water: 74,2 m3 / day 
• Gray: 109.28 m3 / day 
• Irrigation: 576 m3 / day 

• Energy 
• Staying accommodations: 15.824 kWh/ day (includes tennis court, spa and pool 

and at 70% occupancy) 
• Catering facilities: 1318 kWh/ day 
• Transportation: 414.9 kWh/ day 
• Reverse Osmosis plant: 2533 kWh/ day 
• Total: 20.090 kWh/ day 

• Airport: 
• 92 passengers per day (counting both directions) 

Accessibility northern sub sector 
The northern part of the island should remain 
reachable. If the current trail is to be used for the 
golf course and will be blocked for public use, a 
new trail has to be constructed. The access to the 
northern part of the island is currently a footpath; 
a similar type of trail would be required.  
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• Airport income increases by NAF. 150.750 per year (At 60% occupancy rate of 
the resort) 

• Wastewater 
• Grey: 70.85 m3 / day 
• Black: 37 m3 / day 

• Solid waste 
• Staying accommodation: 847.7 m3 / year 
• Restaurant: 258 m3 / year 
• Total waste: 1105.7 m3 / year 

• Space 
• Meeting rooms: 1160 m2 
• Staying accommodations: 12270 m2 
• Tennis court: 1325 m2 
• Pool: 500 m2 
• Spa: 600 m2 
• Golf course: 201.500 m2 
• Transportation: 40.000 m2 
• Restaurants: 1800 m2 
• Total build: 258.855 m2 
• Total golf resort: 800.000 m2 

 
1.1.2.2.4 Staying 

accommodation 
There is a need for high speed internet, probably wireless and a phone connection to the 
resort. The same services will also be needed for the additional houses. The system bearer 
“provide telecommunication” was added as 1.1.1.5 to further look at the effects this will 
have. 
 
Impact: 

• 294 Jobs 
• 552 guest (maximum) 
• Daily water requirements; potable: 34.525m3, grey: 23.22m3 
• Daily wastewater production; grey: 33.18, black: 24.445m3 
• The average hotel has an electricity use of 41kWh, per guest, per night. With 552 

beds, the hotel would therefore use 22.632 kWh per day3. At a more realistic 70% 
occupancy, the electricity usage would be 15.842 kWh per day. 

Electricity 
The electricity usage of a resort is very high. Part 
of this will be caused by boilers, which are 
heating the water for the tap or the shower. The 
largest amount of water to be heated will be 
shower water. This water does not have to be 
boiling hot, most people will take a shower with 
water no warmer then around 40 degrees at most. 
To save on electricity, a solar boiler could provide 
the water for the shower. A 9m2 catchment area 
solar boiler costs about EUR10.558 to install4. In 
the Netherlands such a system can save around 
3500 – 4000kWh/ year on electricity per one 
f il h h ld5 4 Wi h

                                                 
3 http://www.jhta.org/eastproject_main2.htm 
4 http://iwssolar.ch/pages/solarthermik/sunrise2000/sunrise2000.html 
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• Space used: 12270m2. 
• Airlift generated is approximately 46 passengers per direction per day (average, some 

days will be busier then others). 
• Solid waste: 1105,7 m3/ year. 

family household5, or on average 4 persons. With 
552 guests in the resort, this comes down, 
assuming the lower number of 3500kwh/ year on 
a 483.000kWh saving per year. This means total 
electricity savings of about NAF. 1.750.000 
(US$972.222). The total cost of installing water 
boilers would be EUR1.457.000 or NAF. 
3.040.767. (Conversion rate: EUR1 = NAF. 
2,087). That makes the use of solar boilers have a 
return on investment time of less than two years. 
 
Another major part of the electricity is consumed 
by Air Conditioning. During most times of the 
year this is however required and the electricity 
usage for this cannot be mitigated. 
 

1.1.2.2.4.1 5-star+ hotel A 5 star hotel needs to have a reception, with an office. It needs to be cleaned and 
maintained. There should be a technical service to solve technical problems. The hotel 
will have a maximum of 2 stories and will most likely consist out of smaller buildings that 
are spread out over the grounds of the resort. A 5 star hotel should offer guest the option 
of dining in the room and have a personal assistant during their stay. 
 
In total there is a demand for 156 rooms, which comes down to a maximum number of 
guest of 312 in the hotel. For a luxury hotel, there should be at the very least, according to 
the tourist office, 1.5 persons per room staff. This comes down to a 234 people staff.  
 
With an average staying period of 1.5 weeks (1 week for the Americans, two weeks for 
the Europeans), the required average airlift can be calculated by dividing the total number 
of guest (312) by the number of days. 1.5 weeks is 10.5 days, 312/ 10.5 = 29.7 
passengers. Since the guests that are leaving are being replaced with new guest, this 
means 30 passenger in each direction, so a total airlift requirement of 30 each way, or 60 
in total.  
 
The guests in the hotel will need water. Average water use for a hotel is about 184 liters 
per room housing two persons6. For 156 rooms, this means 28.704 liters a day, or 28.7m3. 

See 1.1.2.2.4 
 
 

                                                                                                                                                                                                                                           
5 http://www.solar.ch/Solar-Boiler_System/Solar_Boiler.htm 
6 http://www.mina.vomil.an/Archive/nieuwsbrief-99sep.html#ecokamer 
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This can however be divided in potable water and grey water (not used for consumption). 
Of the 184 liters, 74 l is used for the toilet, 37 l for the tap and 73 l for the shower. 
Shower water and water from the tap should be potable, to prevent health risks. This gives 
a need for 110l of potable water per room per day, or 17,16m3 per day in total. The toilet 
can be flushed with less clean water, this requires 11,544m3. 
 
Since only a very limited amount of water will actually be used for consumption (only a 
couple of liter), most of the water will be leaving the room/ hotel again as wastewater. 
The toilet wastewater has to be considered black wastewater and will require treatment 
before it is discharged. The wastewater from the shower and sink is considered to be grey 
wastewater. It can be re-used in places where non-potable water is required. The black 
and grey wastewater that is not re-used has to be disposed off in a sustainable way. The 
total amount of wastewater can be considered the same as the amount of water that comes 
into the room, 28.7m3, the black wastewater will be slightly more then the water used for 
flushing the toilet, about 12.3m3. The grey wastewater will be slightly less then the water 
used for the tap and shower, about 16.4m3. 
 
The solid waste produced by the hotel will be in the order of 4lb/room/day7. With 156 
rooms, that means 283kg per day (624lb/ day). For a whole year that comes down to 
103.295kg, or 103,3 tons of solid waste. However half of this is attributed to catering, 
which is handled in section 1.1.2.2.7, so this leaves 51.65 tons per year of solid waste. On 
average an m3 of waste weighs about 200kg8. This makes for a yearly waste production of 
258 m3 
 
The size of a standard resort room will be around 65 sq meters. Since the hotel will most 
likely be a two-story building, only half of the hotel rooms take up ground space. The 
space taken therefore is 156 * 65 /2 = 5.070m2.  
 
Impact: 

• 234 Jobs 
• 312 guest 
• Airlift need of approximately 60 per day (all rooms filled), 30 each way. 
• Daily water requirements; potable: 17.16m3, grey: 11.544m3 
• Daily wastewater production; grey: 16.38, black: 12.168m3 
• Solid waste: 258 m3 (51,65 ton) per year. 

                                                                                                                                                                                                                                           
7 http://www.ciwmb.ca.gov/WasteChar/WasteGenRates/Service.htm 
8 http://www.boxmeer.nl/documenten/PDF/Toelichting_aanvraagformulier_Wm_industrieel.pdf 
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• Space taken is around 5.070m2. 
 

1.1.2.2.4.2 5-star+ 
condominiums 

Condominiums are privately owned villas that, if the owner is not using it, are rented out. 
They will be seat up to house a maximum of 6 persons each. The service level is the same 
as a hotel, therefore a 1,5 person staff may be assumed per villa. This gives a 60 person 
staff for the condominiums. 
 
Like the hotel rooms, the condominiums will need water. It is assumed that they will use 
similar amounts of water per person as the hotel rooms. There are however 6 in one 
apartment instead of 2, so the amount of 184 is multiplied by 3. That makes 552l per 
condominium per day. Potable water will be 110l per two people, making 330l per day. 
Toilet water will be 222l per day. The wastewater is the same as water that comes in, 237l 
will go out as black wastewater, 315l as grey wastewater. 
 
At full capacity the condominiums can house 240 persons, at a 70% occupancy this would 
be 168. If they stay on average 1.5 weeks at a time, the airlift per day would be around 16. 
 
The villa’s will have two stories and be detached. They are around 180m2 at ground level, 
with an additional 2nd floor of about the same size. The total space required will therefore 
be 7200m2. 
 
The condominiums will produce solid waste. The production will be around 1,17 tons/ 
apartment per year9. The total waste production will therefore be around 46,8 tons per 
year. Assuming the same guideline that 200kg equals a m3, the waste production would be 
234 m3 per year. 
 
Impact: 

• 60 Jobs  
• 240 guest (maximum) 
• Airlift need of approximately 16 per day (all rooms filled), 32 counting both ways. 
• Daily water requirements; potable: 13,0m3, grey: 9,0m3 
• Daily wastewater production; grey: 12,5, black: 9.5m3 
• Space used: 7200m2 
• Solid waste: 240 m3 (37 ton) per year. 
 

See 1.1.2.2.4 

                                                 
9 http://www.ciwmb.ca.gov/WasteChar/WasteGenRates/Residential.htm 
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1.1.2.2.3 Tennis court The job of looking after the Court and renting out equipment can be combined. By doing 
this the tennis court will create a single job. Depending on the underground, it may use a 
limited amount of water. Due to renting out of equipment income may be generated. 
 
Impact: 

• Small income 
• Small amount of water 
• 2 Jobs 
• 1325m2 
 

No significant impact, no mitigation required. 

1.1.2.2.3.1 Court Depending on the underground there could be a limited amount of water required. A 
tennis court is about 13 by 26m, so with four courts you would need a space of about 
1325m2. It is necessary to have a staff of at least one person to keep an eye on things and 
to, also there can be a tennis teacher giving lessons. 
 

See 1.1.2.2.3.1 

1.1.2.2.3.2 Equipment rent There should be a place where tennis necessities can be borrowed or rented; a staff 
member will be needed for this. 
 

See 1.1.2.2.3.1 

1.1.2.2.2 Pool The pool itself will have to be large, say 25 times 20m. Yearly 95% assured rainfall is 
764.8mm and the average evaporation is 2190mm. This means that in a bad year, about 
1425mm will evaporate. With a surface of 25 times 20m this is 713m3 per year, or on 
average 2m3 per day. On a day with no rain and high evaporation this can however go up 
to 3.5m3. 
 
Next to the lifeguard, there should also be one person that maintains the pool and 
maintains the decontamination plant.  
 
Impact 
• Average water requirement: 2m3 / day 
• Maximum water requirement: 3.5m3/ day 
• Size approximately 25 times 20m 
• Electricity: 
• Jobs: 2 

 

There is no significant use of power, water and no 
significant negative impact to be expected from 
the pool. No mitigation is required. 

1.1.2.2.1 Spa The Spa includes a beauty farm and fitness centre. The required water and electricity are 
not significant in comparison to the usage by other parts of the resort. 
 

No significant negative impact expected. No 
mitigation required. 
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Impact: 
• 10 Jobs, beauty treatment and instructors 
• Water for treatment and showers 
• Electricity 
• Space, approximately 600m2. 
 

1.1.2.2.1.1 Beauty farm A dedicated Spa/ Beauty facility offers on average 12 jobs10. This however includes 
management, housekeeping and laundry. Since these are already present in a resort, the 
number of jobs can be reduced. It is assumed the above functions will normally present 4 
jobs, leaving 8 jobs. Water and electricity are assumed to be negligible. 
 
Impact: 
• 8 Jobs, beauty treatment  
• 400m2 
 

See 1.1.2.2.1 

1.1.2.2.1.2 Fitness centre The fitness centre will house an array of fitness equipment, as well as showers and 
changing rooms. There can be instructors giving classes in Yoga, or helping to get the 
most from the exercises. Water and electricity are assumed to be negligible. 
 
Impact: 
• 2 Jobs instructors 
• Room with fitness equipment 
• 200m2 
 

See 1.1.2.2.1 

1.1.2.2.5 18-hole golf course The reverse 
 
• 75 Jobs 
• Generate income (see 3.0) 
• Generate tax (see 3.0) 
• 201.500m2 land use (for golf course + training facilities only, landscaped area around 

it not included) 
• Irrigation water required: 210.240 m3 / year 
• Limited water usage for clubhouse 
• Limited sewage and fixed waste production. 

 

                                                 
10 http://www.woodhousefranchises.com/faq.asp#question122 
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• Electricity usage for irrigation water (assuming Seashore Paspalum): 2533 kWh/ day 
• Rainwater used for irrigation can not be used for other purposes anymore (like 

drinking water) 
• 1.800m3 storage in case of Ocean water 
• 145.080m3 storage in case of a closed rainwater storage 
 

1.1.2.2.5.1 Golf shop The golf shop is where people can buy equipment they need to play golf. The shop 
obviously needs to be staffed, by two to three persons. It will also generate an income of 
which part will go to the government as tax income. 
 
Impact: 
• 2 – 3 Jobs selling and administration 
• Generate income 
• Generate tax 
 

 

1.1.2.2.5.2 Practise facilities The practice facilities consist of a driving range, which is used to practice the long shots 
and a putting green, which is intended for to practice putting. The first is approximately 
300m long and 30m wide, so 9.000m2. The 2nd should be about 500m3. There should be 
teachers/ instructor’s available, say 2 jobs. 
 
Impact: 
• 2 jobs as instructor.  
• 9.500m2 land use 
• Need for irrigation water (described in 1.1.2.2.5.5) 
 

Saving water 
See mitigation measures at system solution 
1.1.2.2.5.5. 

1.1.2.2.5.2.1 Driving range Impact:  
• 9000m2 land use  
• 9855m3 water use / year (described in 1.1.2.2.5.5) 
 

See 1.1.2.2.5.5 

1.1.2.2.5.2.2 Putting greens The 500m2 below is considering a single practice putting green. The water use of the 
putting green compared to the whole golf course is not significant, if instead of a single, 
there would be 4 practice greens, the amount of water required would increase with less 
then 1%.  
 
Impact: 
• 500m2 land use 
• 547.5m3 water use / year (described in 1.1.2.2.5.5) 

See 1.1.2.2.5.5 
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1.1.2.2.5.3 Restaurant & 

clubhouse 
The restaurant and clubhouse is where golfers come before their round of golf to signup, 
possibly rent some material and get the scorecards. It is usually located halfway the golf 
course, which means there are 9 holes on each side, so it can be used to have a drink/ 
quick bite to eat halfway the course. It is also regarded the 19th hole, where after the game 
of golf, another drink can be gotten and business can be done. There should also be 
changing rooms and showers. 
 
There should be about 3 people at the golf desk, then for the restaurant/ bar you would 
need kitchen staff and service, this could be around 10 persons. You would also need 
people to clean the toilets and showers, say another 2 people. 
 
Impact: 
• 15 Jobs 
• Land use 
• Water use (showers, toilets, kitchen) 
• Water out 
• Energy 
 

The restaurant/ clubhouse effects are taken into 
account together with the other catering facilities 
in 1.1.2.2.7; any mitigation measures will 
therefore be handled in that section. 

1.1.2.2.5.4 Irrigation System The water supply system for irrigation is further described in 1.1.1.2 
 
The irrigation system by use of reverse osmosis requires large amounts of power. In the 
case of Seashore paspalum it would be around 924.494 kWh per year (2533 kWh/ day 
average), in the case of Bermuda grass, it would be 1.415.021 kWh per year (3877 kWh/ 
day average). 
 
Impact: 
• Bermuda grass: 3877 kWh/ day 
• Seashore Paspalum: 2533 kWh/ day 

 

Mitigation irrigation system 
The golf course is the highest water user of the 
complex. To prevent water being wasted the golf 
course should have a fine meshed drainage 
system. This water should drain back into the 
storage tank for reuse. 
 

1.1.2.2.5.5 Course The course itself will need a substantial amount of water. Depending on the amount of 
grass the amount of irrigation water for the golf course varies.  
 
The water quantity required for the grass depends on the evaporation [Brouwer et al. 
1986]. The water requirement for a grass specie with a Kc-factor of 0,5 is half of the 
water that evaporates. This is shown by the following formula: 
 

Mitigation herbicides 
Herbicides will enter the groundwater and can 
flow to the sea. Here they can affect the sea life, 
like the coral and the sea turtles. There are a 
couple of measures that can be taken to prevent 
the herbicides to reach the sea. Firstly, according 
to STENAPA, the stronger the herbicides are, the 
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occrop ETKET ⋅=  
 

Whereby: 
ETcrop   : Water requirement for the “crop” / grass [mm] 
Kc  : Factor [-] 
ETo  : Reference evaporation [mm] 
 
To give an indication about the required water quantity to irrigate the grass, it is necessary 
to look at the Kc-factor. The Kc-factor of Seashore Paspalum varies between 0,33 en 0,5. 
The specie SeaDwarf has the lowest value, of 0,33 to 0,4. SeaIsle I and SeaIsle 2000 have 
a value of up to 0,5. The Kc-factor for Bermuda grass, commonly used specie on 
Caribbean courses, is 0,8. 
 
With a yearly average evaporation of 2190mm and a maximum of around 7.1mm per day, 
the amount of irrigation water required can easily be calculated. 
 
In case of the Seashore paspalum grass specie, the requirement is for 1095 mm per year. 
If the Bermuda grass is selected, the requirement is for 1752 mm per year. With a golf 
course of 6400 m and an average width of 30 m, as described in the feasibility study, the 
surface would be 192.000 m2. Together with the 9500m2 practice facilities, described in 
1.1.2.2.5.2 the total amount of golf course to irrigate would be 201.500m2. 
 
The required amounts of irrigation water would then be: 
Seashore paspalum: 220.643m3 /year (max: 1567m3 / day, average: 605m3/ day) 
Bermuda grass: 337.714m3 / year (max: 2507m3/ day, average: 925m3/ day) 
 
In Maintenance of the golf course there will be around 49 jobs. 
 
To stop weeds and bugs from destroying the golf course, it will be necessary to use 
herbicides.  
 
Impact: 
• 49 jobs in maintenance 
• Irrigation water required:  

Seashore paspalum: 220.643m3 /year (max: 1567m3 / day, average: 605m3/ day) 
Bermuda grass: 337.714m3 / year (max: 2507m3/ day, average: 925m3/ day) 

• Land use: 192.000m2 

faster they degrade. By a good drainage system, as 
mentioned in 1.1.2.2.5.4 the herbicides that enter 
the ground and are not used by the grass will be 
caught.  
 
During periods of rainfall the herbicides could 
runoff with the surface water. This water should 
also be collected and send to the irrigation pond or 
storage tank. A strong herbicide will break down 
in just about 2 days. 
 
Save water 
By using a more drought resistant grass specie, 
Seashore Paspalum instead of the more common 
Bermuda grass, 37.5% water can be saved. This 
is, on a yearly basis, 117.071 m3. This will not just 
save water (and thus cost), but also means a 
smaller RO-plant can be constructed, which will 
cost less and the usage of electricity will be lower. 
Further the amount of reverse osmosis water will 
be reduced, thus decreasing the potential problems 
with buildup of salt around the island. More about 
saving water in 1.1.1.2. 
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• Use of herbicides 
 

1.1.2.2.6 Transportation The vehicles will need maintenance, requiring at least 3 people. Roads would be 4m wide 
and run at least along the full length of the course and along the condominiums and hotel 
rooms. This means the road would have to be around 10.000m. With a width of 4m, this 
means 40.000m2 
 
Impact: 
• Transport requirement for about 195 one-way trips. 85 one-way trips to the airport 

and back (3.3km), 110 trips to locations on the island (3.6km on average). (Harbour 
4.4km) 

• 415kWh electricity per day 
• 12 – 16 Jobs as driver for the shuttle vehicles. 
• 6 Jobs maintenance/ rent 
• Roads space: 40.000m2 
 

Mitigating transportation 
When transportation uses combustion engines this 
can create noise pollution. For both transit service 
between the resort and the city/ airport and golf 
carts on the grounds electrical carts are available. 
It should be possible to power the carts by use of 
wind energy. This would create a 0-emission and 
“green” transport across the course and to the 
course. Similar transport is already in use for a 
long time at the Swiss mountain town of Zermatt, 
although here powered by water energy. They are 
being used to transport people as well as cargo to 
the upscale facilities. 
 

1.1.2.2.6.1 Off the grounds Transportation of the grounds is transportation outside of the resort. A big part of this 
transportation will be transportation to the island and the transfer from and to the airport. 
At the moment there is no scheduled ferry service, which means the arrivals from the 
harbor will be negligible.  
 
The expected transport to and from the airport equals the airlift expectation, generated by 
the staying accommodation (1.1.2.2.4). 85 guests in each direction (to and from the 
resort). 
 
Since the resort will be located at the northern part of the island, slightly away from the 
town (3.6km), another part of the off grounds transport will be travel to the centre and to 
the south (Botanical garden, volcano trails). It is assumed that on a daily basis 10% of the 
guest will make use of off ground transport for these purposes. From the 552 guests, this 
means 55 guests. 
  
A shuttle service to and from the airport/ city could use larger golf cars, for up to 7 
passengers and drive on fixed routes. These golf carts are also available electrically or 
gasoline powered.  

Keeping the money on the island 
When the resort provides the taxi service off 
grounds, the money goes to the foreign investors. 
When local entrepreneurs provide the service, the 
money stays on the island. For the impact on the 
island it would therefore be beneficial of a local 
company could run the off ground service, 
perhaps under supervision of the resort. 
 
Transport 
As the aircraft between St. Maarten and St. 
Eustatius are not of the comfort that would be 
required to transport upscale tourists, more 
comfortable aircraft would be required. A larger 
aircraft, for example one from Caribbean Sun 
(Dash 8) operating twice a day on this route 
would give an additional 36 seats to St Maarten 
and solve the comfort problems. These flights 
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Assuming a 5-person car the distance per day would be 135,3km/day. The average fuel 
needed is 0.25 – 0.5kWh/ mile11. Assuming the higher figure due to the sloping terrain 
and the large carts needed, the power use would be 42.04 kWh daily. 
 
On average the resort will create a requirement for 46 passengers per day per direction to 
and from Statia. Due to the current largest aircraft being used (a Bombardier Dash 8-100), 
groups to be transported to and from the airport will never exceed 37 passengers on one 
flight; the number of guests of the resort per flight will be lower though. On most flights 
there is only an aircraft capacity of 19 seats, which will also have a lot of seats filled by 
people living on the island.  
 
The calculated air transport gives an average per day, with organized (group) travel, you 
will most likely have one or two days of concentrated arrivals and departures. For 
American guests this will mostly be concentrated around the weekends. Assuming two 
thirds of the guests will arrive in two days, this means 107 passengers a day, per direction. 
 
These guests will have to transfer at St Maarten, San Juan or St Kitts. In the weekends, 74 
seats are available from St. Kitts and San Juan, however these need to be shared with 
people traveling between San Juan and St Kitts. Around 84 seats are available between St 
Maarten and St Eustatius, although 38 of these need to be shared with people traveling 
between St Maarten and Saba. Next to the 70 extra passengers that are estimated, there 
are already passengers traveling on the routes. The St Maarten flights have a high load 
factor; assumed to be around 80%. This means only 17 additional seats per day would be 
available. The Caribbean sun flight is assumed to have a load factor of 65%, which means 
26 seats are available per day (with two flights in the weekend). In total this gives an 
availability of, on average, 43. Another 64 seats are therefore required. 
 
It may be expected that golf resorts guests arrive with their own aircraft. There are 
currently no parking places for medium or larger private jets and only limited apron space 
for small and medium sized turboprop corporate aircraft and light jets. 
 
Impact: 
• Transport requirement for about 195 one-way trips. 85 one-way trips to the airport 

and back (3.3km), 110 trips to locations on the island (3.6km on average). (Harbor 
4.4km) 

should be scheduled around the arriving and 
departing American and European flights. When 
the flights from San Juan to St. Maarten would no 
longer operate via St Kitts, this would give 
another capacity increase of around 34 seats. In 
total these two measures would add 70 seats, 
110% of what is needed.  
 
Schedules for flights should be more closely 
matched around the flights to the USA and 
Europe, as at the moment waiting times for 
connecting flights can be up to 4 or 5 hours. 
Guests traveling from the USA can transfer at San 
Juan, possibly with better connection times. 
 
A boat service is being looked at between Statia 
and the islands of St Maarten, Saba and St. Kitts. 
It will most likely not be used by guests coming in 
from the USA or Europe, however pending the 
schedule can be used for day, or short trips from 
these islands to the golf resort. Resort guests can 
also do daytrips to other islands in the area using 
the boat service. A boat can take around 80 
passengers and will take 1hr 30min from St. 
Maarten to St. Eustatius. A boat service between 
Statia and St Kitts will mitigate the effects of a 
loss of the flights between these two islands. 
 
Airport apron 
Extending the airport apron may stimulate arrivals 
of private turboprops and jets. Research would 
have to be done to determine the demand for this 
kind of flights to the island and the amount of 
aircraft that would have a stay over period at the 
airport. 
 

                                                 
11 http://vtpi.org/evben.pdf 
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• Electricity: 42.04 kWh. 
 

1.1.2.2.6.2 On the grounds On the grounds itself golfers may want to make use of golf carts. Depending how spread 
out the hotel rooms are, other transport, like a shuttle service on the grounds, may also 
need to be provided.  
 
A round of golf typically lasts 4hrs. With a flight (group of golfers, maximum 4), leaving 
every 5min. Suppose they are all taking a golf cart, and such a cart can hold 4 persons, 
this means that the number of golf carts needed is (4 * 60 / 5 =) 48. These carts typically 
run on either electricity or gasoline.  
 
48 Carts on electricity, on average driving around 25km, would require 372.9kWh per 
day.  
 
A shuttle service on the golf resort could use larger golf cars, for up to 7 passengers and 
drive on fixed routes. These golf carts are also available electrically or gasoline powered.  
 
Another option would be to have a golf cart for every hotel room. This would eliminate 
the need for shuttle service, as people can drive their own vehicles around the grounds. If 
a vehicle per two persons were assumed, at a maximum capacity of 512 guests, the 
necessary amount of golf carts would be 256. On electricity this would mean a power 
usage of 1.989 kWh per day.  
 
Impact: 
• 372.9kWh or 1.989 kWh per day. 
• 6 Jobs rent 
 

 

1.1.2.2.7 Catering facilities The catering facilities include the restaurants, bars, private chefs and the breakfast 
facilities. 
 
The resort will offer the option for a private chef. Suppose 5% of the guests (at 70% 
occupancy) will request such a service, this will deliver 18 jobs. The guests in the 
condominiums have a kitchen and can prepare their own meals.  
 
Not all guests will use dinner at the same time; if half the maximum amount of guests 

Local products 
There are very few local products being produced. 
This means that the resort will have to buy all 
catering products from abroad. By creating local 
products additional jobs can be generated and 
money will stay on the island, instead of go 
abroad. 
 

                                                 
12 http://www.duffcompany.com/tips/SizingSoftners.pdf 
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Appendix III – Program/ Project overview (SE-Diagram): 
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Appendix IV - Rainwater availability 
 

Rainwater is free source of fresh water; it will automatically irrigate the grass without any technical 
requirements. Rainwater is also a sustainable source, in the sense that it will be available in the future 
as well. The availability of rainwater is, obviously, not constant though. The average rainfall at the 
island of St. Eustatius over the period 1971 – 2000 is displayed in table 2 below. 

 
St. Eustatius, Roosevelt Airport (1971-2000)  

Element Unit JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC YEAR 
Avg. Rainfall mm 52 50.5 48.8 55.7 87.1 60.6 74.1 106.9 123.2 106.5 128.6 74.6 985.8
Table 2 – Source: Meteorological service of the Netherlands Antilles and Aruba 
 
The above table shows an average annual rainfall of 985.8mm at St. Eustatius Roosevelt Airport. The 
average rainfall does not say anything about the extremes though. It is therefore necessary to find a 
statistically certain amount of rainfall, which will be available monthly or yearly. 

 
With statistics it is required to select a certainty. For the calculation of the rainfall per month, a 
certainty of 95% will be used. This means that it is 95% sure that the amount of rain calculated will be 
reached or surpassed for the month. This also means that in 5% of the cases there will be less than the 
calculated amount of rainwater available. 

 
To calculate the amounts, more information is needed about the actual rainfall over a period of several 
years. Unfortunately the underlying data of the averages of table 2 is not available. There is however 
data available from the period 1919 – 1937. Because there is no reason to suspect that the amount of 
rainfall will have changed substantially over the last decade, this data should still be valid. It is shown 
in table 3. The data is taken at a different place on the island; Oranjestad instead of the airport. This 
may explain the different average yearly rainfall, which in this case is 1087,67mm (measured over the 
years where complete data is available). 

 
St Eustatius, Oranjestad  

Year Unit JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC YEAR 
1919 mm 66.7 13.6 116.5 102 23 88.4 39.5 33 142.5 299.4 219 X 1143.6 

1920 mm 28.5 95 55.3 2 30.4 41.2 42 59.4 102 172.2 115.5 54 797.5 

1921 mm 125.2 86.9 96.6 46.2 46.2 22.4 144.5 94.7 109.7 148.3 86.7 66.6 1074 

1922 mm 33.1 53.9 73.7 31.2 30.8 93.4 96.8 121.4 149.4 156.7 55 85.6 981 

1923 mm 31.4 48.6 125.6 30.7 50.3 171.8 138.7 136.6 63.9 279.3 54.7 50.9 1182.5 

1924 mm 75 88.4 5 68.9 113.4 79.2 128.3 175.1 132.6 171.5 51.5 82.8 1171.7 

1925 mm 36.8 20.6 28 96 36.4 74.4 58.5 90.3 131.8 181.7 73.5 9.5 837.5 

1926 mm 71 86 41 47.3 154 179 76 143 198.2 118 182.2 90 1385.7 

1927 mm X 18.6 x 108 76 81 218 46 62 81 158 64 912.6 

1928 mm 32 58 134 20 20 89 75 99 85.2 176.5 38 68 894.7 

1929 mm 61.5 39 65.4 19 94 158 134 109.5 159 107 146 115 1207.4 

1931 mm 12.5 46 26 97 114 69 82.3 125.9 46.5 66.5 208.6 144.6 1038.9 

1932 mm 130 26.2 38.5 104.2 36.8 121 134.8 181.8 122 206.5 414 94 1609.8 

1933 mm 73 18 58 66 77.5 32.9 150.7 41.1 306.5 42 107 177.3 1150 

1934 mm 94.4 33.5 110.9 17.8 35 22.7 101.4 201.6 155.9 66.6 189 136.1 1164.9 

1935 mm 76 52.5 21 51 52.5 76 115 81.8 93.6 176 204.2 68.5 1068.1 

1936 mm 71.5 75 3 23 101.5 38.5 160 136.3 105 143.5 126 110.3 1093.6 

1937 mm 171 31 16 48.5 33 48 39.6 127.8 42.5 94 63.1 30.9 745.4 
Table 3 – Source; KNMI 1919 – 1937 
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Using the statistic gumbel distribution the 95% certain rainfall per month can be calculated [Smink 
2004]. The following formula is used; 
 

( )[ ][ ]1/lnln +−−= niτ  
 
For the month February the calculation is as follows: 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
The figures are placed in a graph and using linear 

regression the formula of the black line is calculated. This 
is 24.428T + 36.791. This T for a certainty of 95% is –ln(-

ln(0.05)) = -1.097. The 95% certain rainfall in February 
can then be calculated: (24.428 · -1.097) + 36.791 ≈ 

10mm. For the other months the same calculation 
has been performed. The 95% certain rainfall is 

shown below: 
 
 
 

Table 5 
 

These values can be used as the minimum available rainfall per month. The lowest rainfall is in 
March, with no rainfall at all; the highest rainfall is October with a 95% certainty of 47mm. Using the 
same calculation, the 95% certain yearly rainfall (calculated over the years with full data available) is 
764.8mm.  

 
The conclusion of this calculation is that, with a certainty of 95%, the yearly rainfall will be 764.8mm 
or more. With the same certainty, the minimum monthly rainfall is as is indicated in table 5. Note that 
the sum of the 95% monthly rainfall is only 235.7mm. As calculated the yearly rainfall is 764.8mm, 
which means that even though some months can be very dry, the yearly rainfall will still be relatively 
high.  

F(X) = i /(n+1) Τ = -LN(-LN(F(X))) Rainfall 
February

0.053 -1.080 13.6 

0.105 -0.812 18 

0.158 -0.613 18.6 

0.211 -0.443 20.6 

0.263 -0.289 26.2 

0.316 -0.142 31 

0.368 0.001 33.5 

0.421 0.145 39 

0.474 0.291 46 

0.526 0.443 48.6 

0.579 0.604 52.5 

0.632 0.778 53.9 

0.684 0.969 58 

0.737 1.186 75 

0.789 1.442 86 

0.842 1.761 86.9 

0.895 2.196 88.4 

0.947 2.918 95 

Table 4

Jan Feb Mrt Apr Mei Jun Jul Aug Sep Okt Nov Dec 
8.239 9.989 0.000 4.381 5.848 11.873 36.525 40.201 32.883 47.136 7.358 31.266 

y = 24.428x + 36.791
R2 = 0.9514
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Appendix V – Water system: 
 
This study will review the provisional design of the water system for the resort. It will make a choice 
between different sources of water to reach a durable water delivery solution. To achieve this solution 
the following questions will be answered: 
 
What are the necessary water quantities? 
What are the water sources and how much can they sustainably provide? 
Can a sustainable water system for the resort be created and what would it look like? 
 
What are the necessary water quantities? 
The necessary water quantities have been determined in the impact analysis to be the following: 

• Potable water: 74,2 m3 / day 
• Grey: 37 m3 / day 
• Irrigation: (depending on type of grass) 

Seashore paspalum grass: 220.643m3 / year (max: 1567 m3 / day) 
Bermuda grass: 337.714 m3 / year (max: 2507 m3 / day) 

 
What are the water sources and how much can they sustainably provide? 
Water sources that are available on the island are: 

• Rainwater 
• Seawater 
• Groundwater 
• Waste water 
• Existing RO-plant (Reverse Osmosis) 

 
Rainwater 
The availability of rainwater is unpredictable; there is no certainty when rain will fall. A yearly or 
monthly figure can be calculated however. For St. Eustatius this has been done in appendix IV. For the 
calculation, a certainty of 95% was chosen. This means that it is expected that only in 5% of the years 
there will be less rainfall then 764.8mm per year. 
 
Rainwater is ideally suited for use as irrigation water and with the right treatment as drinking water. 
 
Rainwater availability depends on the catchment area. On a solid surface, like concrete roads, or roofs, 
90% of the rainwater can be collected. On soft surfaces, like grass or the golf course, about 50% of the 
water will infiltrate immediately. Only about 25% can be collected. 
 
The following amounts can be used: 
• Direct infiltration on the golf course will be: .5 · 764.8mm = 382.4 mm, with 201.500 m2 of golf 

course surface, this means a yearly amount of 77.053m3 direct infiltration.  
• Collectable rainwater from soft surface: .25 · 764.8mm = 191.2 mm, 25% of the water of the golf 

course will runoff and can be stored in an irrigation pond. This is 38.526.8m3 yearly.  
• Runoff from ground outside the golf course: .10 · 764.8mm = 76.48 mm, the area around the golf 

resort in Zeelandia can be landscaped in such a way that the rainwater will partially runoff into the 
irrigation pond. To be on the safe side only 10% is considered to runoff, this will most likely be 
higher. With a remaining area of 195.400m2 the runoff will be 14.940m2. 

• Rainwater from roads and rooftops: .90 · 764.8mm = 688.3 mm. There is about 6400m roadway, 
following the courses. If the road on average is 4,20 m wide (incl a gut to transport the water to 
the pond), the surface would be 26.880 m2. This would deliver 24.192 m3 of water for the 
irrigation pond. 

• Rainwater falling on water: 1.0 · 764.8 mm = 764.8 mm 
depending on the size of the irrigation pond, 764.8 mm of rainwater would yearly be added to the 
pond. The evaporation from the pond however is as high as 2190mm per year.  
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77.053 m3 is available for direct infiltration. This will happen regardless of any irrigation solution. 
From roofs, roads and run-off, another 77.660m3 is available. This amount would have to be stored in 
an irrigation pond. Because it is unsure when the rain falls, the full amount has to be able to be stored 
in this pond. Suppose this pond is 5m deep on average, it would measure 125 by 125m.  
 
Seawater 
Seawater is available in unlimited quantities. A large problem however is the salinity of seawater. On 
average there is about 3.5% salts in the water. If no desalination takes place, the salt makes this water 
unfit for consumption or irrigation. It could be used for the toilet, so as source for grey water. For 
seawater catchment a pump would be required. If desalination takes place it would most likely be with 
a reverse osmosis plant, which converts seawater into (nearly) salt free water. A 1500 m2 RO-plant 
uses around 4.19 kWh per cubic meter of water produced19. In the case of Seashore paspalum it would 
be around 924.494 kWh per year (2533 kWh/ day average), in the case of Bermuda grass, it would be 
1.415.021 kWh per year (3877 kWh/ day average).  
 
Groundwater 
Due to the size of the island, groundwater is limited. Since the solid waste is dumped in a landfill and 
the toilet and other wastewater of houses is also dumped into the ground, the groundwater is either 
already or will in the future be of a very poor quality. For both these reasons, groundwater should not 
be used as it is not sustainable or of reliable quality. 
 
Wastewater 
Wastewater can be reused. For example water that was used for the shower or the sink is clean enough 
to be reused in the toilet. The daily production of grey water, which is the water from the shower and 
sink, is 70,85m3. Using wastewater for the toilet will reduce the demand on other sources of water, 
which increases the sustainability. Since no sewer or sewage treatment plants are available on the 
island, the black wastewater will also have to be treated on the resort. After treatment this water can 
also be reused (40.35m3).  
 
Existing reverse osmosis plant 
The existing reverse osmosis plant has a capacity of 250m3 per day of potable reverse osmosis water. 
At the moment only a small number of offices and hotels that are located on the Caribbean sea coast 
are connected to the plant. A plan to lay water pipes up to some parts of the island and connect more 
houses to the plant exists. The 250m3 is far too little for the golf resort, so this is no source that can be 
used. 
 
Can a sustainable water system for the resort be created and what would it look like? 
Seen over a full year, the direct rainwater infiltration on the golf course would be 77.053m3. This 
happens in all cases. This would leave 143.590 m3 to be supplied by other sources in the case of 
Seashore Paspalum and 260.661 m3 in case of Bermuda grass. For the resort 74.2 m3 of potable water 
and 37 m3 of grey water would be required.  
 
The maximum capacity of the irrigation water supply has to be 1567 – 2507 m3 / day. These quantities 
cannot be delivered by a rainwater system without extensive landscaping. The choice here has to go to 
a system that uses reverse osmosis water. The Temenos resort that is currently build on Anguilla for 
example uses an RO-plant20 that produces up to 4732m3 of water per day, of this amount, a maximum 
of 1817m3 can be produced as drinking water, with the remaining part used for irritation. For the golf 
resort on Statia a reverse osmosis plant could produce the required 74.2 m3 of potable water and 1567 
– 2507 m3 of irrigation water from seawater. The maximum capacity should then be around 1800 – 
2850 m3 / day.  At an energy usage of 4.19 kWh per m3 of water, this would give an electricity usage 
of 715.120 – 1.205.648 kWh / year. If taken from the net, that would cost NAF. 107.535 – 181.114 / 
year.  

                                                 
19 http://www.desalco.ky/d-pdfs/valley.pdf 
20 http://www.tsgwater.com/client_9.htm 
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Constructing an infiltration pond could reduce the amount of required water. 77.660m3 is available for 
storage; this would be a lake, 5m deep, and 125 by 125m. If constructed, 34.219 m3 will evaporate 
from this lake yearly, 11.950 m3 will be added by rainfall. The total yearly available amount from this 
lake will therefore be 55.481 m3. This will save NAF. 8322.15 per year (US$ 4623). It is probably not 
economically feasible to construct a large lake for a relatively small saving.  
 
The grey water could be provided by either the rainwater from the roofs of the houses, or by the 
effluent water from the tap and the shower. The first source will deliver about 11.203 m3 of water, or 
30.7m3 daily. The 2nd source will deliver around 74m3 daily. This together is more then enough to 
provide a sustainable source for grey water, which is to be used in the toilet. 
 
Conclusion 
 
No matter what kind of grass is chosen, the irrigation will always have to rely for a large part on a RO-
plant. The RO-plant will also provide the resort with drinking water. If the Bermuda grass is used, a 
RO-plant is needed with a maximum capacity of around 2850m3 per day. The yearly cost for powering 
this installation are expected to be around US$ 100.650 per year. A large saving could be the use of 
Seashore Paspalum instead. This grass uses about 34% less water. The maximum capacity of the RO-
plant in that case could be 1800 m3 / day. The electricity consumption per year would be around US$ 
59.750. Creating a large irrigation pond would save around US$ 4.623 annually. The resorts grey 
water supply, for flushing the toilet, can be provided by collecting the water from the shower and 
rainwater from the roofs. 
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Appendix VI - Definitions: 
 
Sustainable Able to be continued indefinitely without a significant negative impact 

on the environment or its inhabitants  
 www.weblife.org/humanure/glossary.html
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