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SUMMARY  

S1 Introduction 

S1.1 Background 

The air pollution in the area downwind of the Schottegat Bay on the island of Curaçao is a point of 
concern. For many years the residents living downwind of the refinery complained about the pollution 
caused by toxic pollutants, soot and odour nuisance. In this area of approximately 2,100 ha about 
16,743 inhabitants are living, which is about 12% of the total number of inhabitants of Curaçao1. 
 
The air pollution is caused by a variety of activities; the activities of the petroleum refinery 'Isla' being 
the most dominant. Several initiatives have been undertaken to assess an aspect of air quality. Also 
dedicated legislation has come into force. Notwithstanding the valuable results of all these initiatives a 
broad overview of the air pollution issue from different angles is still missing. Furthermore some 
important changes of the main air polluting activities are expected in the near future, in particular the 
erection of a new power plant on the refinery premises (commonly known as BOO) and the refinery 
upgrading programme (IRUP) which encompasses environmental improvements. There exists a public 
concern that the positive impact of these changes will not be sufficient. 
 
In order to address these concerns the 'Milieudienst Curaçao' (Environmental Service of Curaçao) has 
defined a project to assess the actual and future environmental quality downwind of the Schottegat 
industrial area and commissioned Tebodin assisted by Tauw to undertake this study. The project was 
financed by the Netherlands via Noodprogramma 1998 and is a project of the Programme of 
Cooperation between the Environmental Service of Curacao and the DCMR Environmental Protection 
Agency Rijnmond. 
 

S1.2 Objective and contents of the assessment 

The project has two objectives. The first objective is to assess the actual air pollution downwind of the 
Schottegat industrial area. The second objective is to assess the environmental quality after the 
execution of the envisaged activities (BOO and IRUP). The main questions to be answered are 
sketched in the following figure. 

Which 
pollutants

Polluting 
activities

Outlook

Impact on 
health

Possible 
measures

Extent of 
odour

Figure S.1.1 - Main issues to be clarified.

Polluting activities: Is the refinery the only important polluting activity? 
Which pollutants: The focus has always been on SO2 and TSP but are other pollutants relevant? 
Impact on health: A negative impact of air pollution has been demonstrated but what is the 

 
1 Estimate figures provided by the Department of Urban and Regional Development Planning and Housing in [MD97a]. 
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extent? 
Extent of odour: What is the extent of odour nuisance? 
Outlook: What can be expected of the envisaged developments and will air quality standards be 
met? 
Possible measures: What can be done to improve air quality to attain air quality standards?  

 
The relevant air pollutants and sources of air pollution have been identified, air quality has been 
estimated by literature review, measurements and calculations, the air quality evaluated by existing 
standards and impact on public health.  
 

S2 Approach and framework  

S2.1 Project approach  

The project commenced with a literature review. The findings were used to define the required 
measurements. The air quality of selected compounds and the composition of the particulate matter 
were measured/analysed. The results were used to set up an air pollution model in order to compare 
the actual situation with the future scenario and to quantify the exposure and health effects.  
 
Review 
The air pollution downwind of the Schottegat industrial area has caught the attention for a long time. 
Over a long period of time, studies have been conducted and given a general insight in the topic. The 
available information is reviewed in order to understand the actual situation, the developments to be 
expected in the near future and to identify missing subjects. The review findings have been discussed 
with different stakeholders to work out a detailed project approach, which resulted in a final decision on 
the approach and the selected activities and pollutants. The review findings and selection justification 
are presented in Annex B. 
 
Measurements 
Based on the reviewed data an air pollution simulation model has been developed. The model results 
have been used to prepare the measurements. Measurements have been performed at the refinery, 
three fixed locations for air quality and various locations for the sniffing tests. Sniffing tests are used to 
define the odour perceptibility and hinder distance. The measuring results are presented in Annex C. 
 
Calculations (actual and future situation) 
With the measurement results the air pollution simulation model is refined. The model is used to 
estimate the long-term impact of the whole area downwind of the Schottegat Bay. Calculations have 
been made for the actual and the future situation scenario. The model details are presented in Annex 
D. 

 

S2.2 Framework 

All air pollution topics presented in this report are structured along the causal chain (DPSIR approach, 
which is used by the European Environmental Agency). The approach consists of Driving forces 
(societal trends and developments of the main economic sectors), Pressure (emissions), State (air 
quality and deposition), Impact (impact on human health, ecosystems, materials) and Responses. 
Responses describe the policies that have been or are being developed to deal with the problem and to 
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• population; 
• prosperity; 
• tourism; 
• 

improve the state of the environment.  
 
Figure S.2 illustrates the DPSIR approach. The project is focused on the ‘State’ of the environment, i.e. 
air quality. To understand the relations between the different parts of this scheme and to get a complete 
impression of their mutual influences, it is necessary to give attention to all parts of this model. 

 

Pressure

Driving 
forces

Response
(Policy)

State

Impact

Basic sectoral trends, 
e.g. in energy generation, 
transport, industry, 
tourism, agriculture.

Human activities directly 
affecting the 
environment, e.g. 
atmospheric emissions.

Response of society 
to solve the problem, 
e.g. energy taxes.

Effects of a changed 
environment, e.g. 
negative health effects.

Observable changes of the 
environment, e.g. altered 
concentrations of pollutants in 
ambient air.

Figure S.1.2 -  Policy measures in relation to the causal chain (model of the European 
 Environment Agency). 

 
S3 Driving forces 

S3.1 General driving forces 
The driving forces that influence the air quality downwind Schottegat consist of a variety of relevant 
factors related to refinery operations, power production and traffic. The general socio-economic factors 
to consider are: 
1. refinery operations: 

demand and price of petroleum products; 
trends in refinery operations; 
socio-economic and political factors in Venezuela (as PdVSA is a state-held company). 

2. power production and traffic: 

industrial power demand. 
3. environmental awareness 
 
The refinery and tourism operate in global markets whereas the other factors are considered as local 
factors.  
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The outlook of the global driving forces with a clear impact on Curaçao is: 

Increasing energy demand as a result of increasing population and wealth 
Continued high oil prices 
Increasing demand for refined oil products (distillates) 
Increasing tourism 
Continued/increasing environmental awareness. 

 
The local driving forces with a clear impact on Curaçao are: 
• The contracting economy (recession) over the past years.  
• The decreasing population of Curaçao over the past years. 
• The drop in tourism over the past years. 
• The assumption of a growing population and/or increasing tourism by IUH (Aquaelectra) in its 

business development plan, Energy 2020. 
 
Hence it is expected that: 

PdVSA continues investing in the Isla refinery which continues using the same type of heavy 
sulphurous crude oil. 
pressure will rise to develop the area downwind Schottegat, e.g. for urbanisation or for tourism 
developments.  

It is noticed that RdK and PdVSA are willing to invest more in environmental measures. 
 

S3.2 Environmental policy 
The legal framework for environmental control and monitoring for ambient air quality, wastewater and 
wastes is primarily defined by the Nuisance Ordinance 1994 and the Regulations as defined in 
Attachment F. These regulations were approved together with the bilateral agreement for twenty years 
in September 1994 by the Parliament of the Netherlands Antilles and by the Island Council of Curaçao. 
The Nuisance Ordinance was approved by the Island Council in 1994.  
 
The applicable air quality standards are specified in Attachment F and listed in the following table. It is 
noted that no standard exists with respect to odour nuisance. 
 

Table S.1 – The Curaçao air quality standards [WF’94]. 

Pollutant Averaging Period Ambient Air Quality 
Standard (µg/m3) 

Allowable Excursions 

Sulphur oxides As SO2; annual mean 80 None 
 
 

24 hour average 
24 hour average 

125 
365 

Three times per year 
Once per year 

Particulate matter 24 hour average 150 5% of the total calendar days 
 annual mean 75 None 
Carbon monoxide 8 hour average 10,000 5% of the monitored periods 
 1 hour average 40,000 5% of the monitored periods 
Ozone 1 hour average 240 Once per year 
Nitrogen dioxide annual mean 100 None 
Lead maximum mean 

averaged over a 
calendar quarter 

1.5 None 
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Environmental licenses 
The refinery operating company Petróleos de Venezuela SA (PdVSA) applied for a Nuisance 
Ordinance License in 1994. As it was impossible to issue a Nuisance Ordinance License on a short 
term, a temporary two-year Operating License was issued. The Authorities granted the next license in 
1997, which may be revised every five years. Important developments and conditions are related to the 
Isla refinery upgrade programme (IRUP). The full execution of the IRUP would require more energy 
than available from the refinery’s utilities. Hence it was envisaged to construct a new power plant to 
supply energy to both the island’s public electricity grid and to the refinery. This power plant (BOO) will 
be operated by the Curaçao Utility Company (CUC), that would also take over the existing refinery 
utilities. The CUC applied for a license for the power generation at the refinery premises (BOO and 
existing refinery utilities) in 1998, which was granted by the Authorities in the same year. 
Recently the government has reaffirmed its policy for the industry to comply with environmental 
standards of 1994. 
 
Although being a separate license, the license for the activities of the refinery is geared to the nuisance 
license for the envisaged utility company (CUC/BOO). It is important to note that until BOO enters into 
operation the energy utilities remain part of the refinery. The IRUP includes several environmental 
improvement measures. With respect to air pollution these measures and the BOO layout should 
compensate for the higher SO2 emissions. 
 
The Isla Refinery Upgrading Programme (IRUP) aims at technical improvements to expand the existing 
refinery activities and to improve the environmental quality. The IRUP is not yet executed to the full 
extent and has been adapted according to newer views.  
The programme covers:  

1. margin improvement measures (cracked light distillate hydrotreating unit, a new asphalt 
burning system, slops processing unit, FCCU revamp and mild hydrocracking unit); 

2. environmental projects (sour water stripping, increased sulphur recovery capacity, PP-treater 
revamp, solid waste management); 

3. safety facilities (relief facilities, control system upgrade); 
4. additional measures (incinerator for SRU-2, knock-out drum in SRU feed line). 

 
S4 Pressure 

The emissions have been estimated based on reports of the involved companies, license applications 
and calculations. The totalled results are presented in the following table. 

Table S.2 - Emissions per source category for the future and actual scenarios (kton/a). 

Source category SO2 TSP 
 actual future actual future 
Refinery (process units) 47.3 32.9 2.03 1.65 
Refinery power generation (refinery utilities) 19.0 9.55 1.26 0.209 
Power generation (BOO and Zwijssenstraat & 
Dokweg power plants) 

11.4 33.3 0.447 1.10 

77.8 75.7 3.73 2.96 
 
The SO2 emissions are about the same level; the PM10 emissions are lower in the future scenario. 
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It should be noted that the figures of the actual scenario apply to the actual emissions and not to the 
granted emissions. The actual emissions are lower than the granted emissions. The emissions of the 
future scenario are the granted emissions. In the future situation the emissions may therefore be lower 
than presented above.  
 
The order of magnitude of the emissions of heavy metals is calculated from the emission 
measurements (Annex C); the order of magnitude of PAH emissions is calculated based on general 
emissions factors [TNO’97]. The results are presented for the actual situation in the following table. 
 

Table S.3 - Actual emissions of micro-pollutants per source category (ton/a). 

Source category Cr Cd Cu Mn Ni Pb V Zn PAH*
Refinery 5.20 0.36 13.9 2.64 23.0 8.84 166 34.9 0.54
Refinery power generation 3.22 0.22 8.6 1.63 14.2 5.46 103 21.6 0.33
Power generation 2.90 0.20 7.7 1.47 12.8 4.93 93 19.5 0.30

Total 11.32 0.78 30.2 5.74 50.0 19.23 362 76.0 1.18
* VROM definition. 
 

S5 State of the environment 

The air quality is illustrated in different ways. The following paragraph presents the combined 
measuring results. The perceived odour and hinder is presented in a separate paragraph followed by 
an analysis of the contribution of the different emission sources to air pollution.  
 

S5.1 Measuring data 
Three measuring locations were selected for the measurements, one upwind Schottegat along the 
highway (Schottegatweg), one downwind close to Schottegat and one downwind at approx. 5 km. The 
measurements as executed by Tauw are intended to complement the existing measuring data for 
pollutants that haven't been measured before, i.e. aromatic hydrocarbons, heavy metals and PAH. 
Heavy metals and PAH are mostly bound to particulate matter, which thus also was measured. The 
new information resulting from these measurements is combined with data on: 
- background concentrations (from the 1981 measuring programme [IVIC’82]) 
- SO2 (from the 1992-1997 measuring data of Isla [MD’00]) 
- CO and NO2 (from the 1981 measuring programme [IVIC’82]). 
 
The combined data on air quality is presented in the following table. The previous studies did not 
include a background station including traffic. This means that no data are available for SO2, CO and 
NO2 on the air quality just upwind of the refinery. It is assumed that the Buena Vista air quality is less 
influenced by the refinery emissions. The Buena Vista data are presented in the table between 
brackets.  
 
The results of the (new) measurements of Tauw are presented by a lower, an average and a high value 
(24 hour mean) for the three measuring days. In this way is it possible to have an impression of the 
daily variation. It should be noted that for SO2 the presented data are based on long-term 
measurements whereas for the other pollutants the data are based on a few measurements. 
Notwithstanding the latter does not offer high accuracy, it does offer an insight in air quality by order of 
magnitude.  
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Selected air quality standards based on yearly mean concentrations are also presented to facilitate 
evaluation. All Curaçao standards are listed. In case no Curaçao standard exists another national or 
international standard is selected. 
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Table S. 4 – Combined air quality data for selected locations (μg/m3 if not indicated otherwise). 

  Natural 
background 

 

Background 
incl. traffic 

Appr. 1 km 
downwind 
Schottegat 

Appr. 5 km 
downwind 
Schottegat 

 Air quality definition & 
 Related air quality standard

Soltuna 
'81 

Biesheuvel 
'00 

Cas Chikitu 
'00 

Blauw 
'00 

Inorganic      
SO2 [μg/m3] annual mean: 80 (Cur) < 16 (21) 192 58 
 max 24 hours: 365 (Cur) n.a. n.a. exceeded 

appr. 30/year 

n.a. 

CO [μg/m3] 5% max 8 hr: 10,000 (Cur) n.a. n.a. n.a. n.a. 
 5% max 1hr: 40,000 (Cur) max 4d: 

<290  
n.a. max 11d: 

1740 
max 15d: 872

NO2 [μg/m3] annual mean: 100 (Cur) 6.5 n.a. '81: 24 '81: 14 
Ozone [μg/m3] max 1 hr: 240 (Cur) n.a. n.a. n.a. n.a. 
 Mean value (5 days) 27 n.a. '81: 23 '81: 22 
Organic      
Benzene [μg/m3] annual mean: 5 (EU-2005) 

annual mean: 10 (NL) 
n.a. <3.4 < 3.4 < 3.4 

Toluene annual mean: 7500 (WHO) n.a. 2.0-2.5-2.9 7.8-9.5-10.9 <0.8-1.9-2.8 
Ethylbenzene 98 perc. 8 hr: 10,300 (USA-L) n.a. <0.7 2.1-2.5-2.7 0.6 
Xylenes 98 perc. 8 hr: 10,300 (USA-L) n.a. 1.3-1.8-2.3 12.7-14-15.6 <0.8-2.6-3.9 
BTEX - n.a. 3.3-7.4 26-29 5.1-8.5 
     
Particulate matter      
PM10 annual mean TSPP

1): 75 (Cur) 23 35-38-40 51-90-169 18-30-42 
 5% max 24hr TSPP

1): 150 (Cur) n.a. n.a. 'exceeded 

appr. 3% 

n.a. 

PAH (VROM; 
ng/m3) 

annual mean: - 
1 ng/m3 B(a)P (NL)  

n.a. 
n.a. 

0.235 
0.025 

0.298 
0.025 

0.017 
<0.006 

PAH (EPA; ng/m3) annual mean2) n.a. 0.274  0.347  0.017  
Cr (ng/m3) annual mean: - (WHO)3) n.a. 0.2 0.2 0.1 
Mn (ng/m3) annual mean: 1000 (WHO) n.a. 0.2 0.2 0.2 
Ni (ng/m3) annual mean: No (WHO)4) n.a. 0.05 0.5 0.6 
Pb (ng/m3) annual mean: 1500 (Cur) 20 n.a. '81: 440  '81: 110 
V (ng/m3) annual mean: 1000 (WHO) n.a. <0.2 5.0 3.3 

n.a.: not available. 

1. The PM10 fraction of TSP may vary, typically between 75-100%; the corresponding PM10 values for a comparison of the 

measured concentrations with the TSP air quality standards would be 60 μg/m3 with 75 μg/m3 as the upper limit for the 

annual mean concentration. 

2. Nine out of 100.000 people exposed to 1 ng BaP per m 3 over a lifetime would be at risk of developing cancer (assuming a 

0.71% content of BaP). 

3. No known safe threshold. At an air concentration of 1 μg hexavalent chromium per m3, the lifetime risk is estimated to be 4 

x 10-2. 

4. No known safe threshold can be recommenced. At an air concentration of 1 μg/m3, a conservative estimate of the 

lifetime risk is 4x10-4. 

Some metals could not be detected by the executed measurements as the concentrations are below the 
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detection limit: As (<2.5 ng/m3), Be (<0.1 ng/m3), Cd (<2.5 ng/m3), Cu (<0.1 ng/m3), Sb (<0.3 ng/m3), Se 
(<1.0 ng/m3), Pd (<2.5 ng/m3). 
 

S5.2 Odour 
A sniffing experiment revealed the distances of: 
• perception boundary of the typical 'refinery' odour and  
• unpleasant perception of the typical refinery odour.  
 
The former can be regarded as an objective perception as the latter is clearly a subjective perception. 
The sniffin group was composed of Island inhabitants, which may have become accommodated to the 
odour. Tourists may perceive an 'unpleasant' odour at a different distance.  
 
The perceptible distance amounts to a distance of about 6.5 km downwind of the refinery (Boca Sami). 
The hinder distance amounts to approximately 3 km downwind of the refinery (Piscadera). 
 

S5.3 Analysis 
Calculated concentrations and measuring results 
The contribution of an emission source to the ambient air pollution concentrations is calculated by the 
use of a dispersion model. To calculate the actual air quality would require modelling all existing 
emission sources and also all atmospheric withdrawal (e.g. deposition of particulates). Such calculation 
is possible but would require a considerable effort, which was beyond the scope of the study. The 
practiced simplified approach consists of calculating the contribution of all major polluting sources and 
considering all other sources in a so-called background. In this case the background concentration is 
estimated by comparing the measurements up- and downwind of Schottegat.  
 
The large point sources (refinery and power generation) have been calculated. The second largest 
contributor is assumed to be traffic. In order have an indication of the contribution of traffic the 
contribution along a busy traffic road is calculated.  
 
The air pollution in a street and on the pavement is dominated by exhaust gases of the traffic. The 
contribution of traffic has been calculated for the Schottegatweg Noord in order to have an impression 
of the maximum contribution of traffic. The calculation results are presented in the following table. 

Table S.5 - Contribution of traffic to the concentrations of selected pollutants for the 
 Schottegatweg Noord (μg/m3) 

Pollutant Average 
concentration 

Benzene + 1 
CO + 82 
NO2 + 7 
PM10 + 3 
SO2 + 3.75 
 
It should be noted that the concentration elevation due to traffic decreases quickly along the axis 
perpendicular to the road (order of magnitude 10 m). In other words, the concentration increase due to 
traffic is not noticeable against the ‘city background’ concentration at a distance of about 10 m (order of 
magnitude). 
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A comparison of the calculated emissions with the measurements is presented in the following table.  
 

Table S.6 - Comparison of the calculated emissions with the measurements (μg/m3). 

 Calculated 
contribution 

Background
 estimate

Total 
calculated

Measured

SO2  
Biesheuvel 1.1 20 21 21
Cas Chikitu 238 20 258 192
Blauw 67 10 77 58
Piscadera1) 74.5 10 85 53

  
PM10  
Biesheuvel 0.069 35 35 35-38-40

Cas Chikitu 15 35 50 51-90-169
Blauw 5.9 25 31 18-30-42
Piscadera1) 9.827 30 40 32-40-68
1) Piscadera measuring data source: 1981 [IVIC'82]. 

 
The calculated SO2 values are in same order of magnitude as the measured values but are higher by 
about 30%. The calculated PM10 values also are in the same order of magnitude as the measured 
values but are lower. Both deviations (SO2 higher and PM10 lower) are probably related to the 
conversion of gaseous SO2 to particulate sulphates. Airborne particulate matter represents a complex 
mixture of organic and inorganic substances. The smaller particles contain the secondarily formed 
aerosols (gas to particle conversion), combustion particles and recondensed organic and metal 
vapours. The gas to particle conversion has been modelled for SO2 by the default equation used in the 
EPA dispersion model. It is possible that this model underestimates the conversion. The conversion 
can also be illustrated by the [IVIC'82] results: the farther away from the refinery, the more sulphates in 
the suspended particles (ranging from 14% of TSP at Wishi to 22-32% at Blauw-Picadera whereas the 
natural background particles only contain 1.7% sulphates). This gas to particle conversion is not 
modelled in the PM10 dispersion calculations. It also may be possible that the TSP emissions are 
underestimated.  
 
Although the model calculations do not allow calculating the actual air pollution exactly, the model 
calculations offer a fair presentation of the ambient air quality. The model is well suited to compare 
different scenarios with the modelled emission sources. 
 
Contribution of different emission sources 
As illustrated in chapter 3.4 (emissions) several activities contribute to air pollution. An important 
question to answer is who contributes how much to the occurring air pollution. No straightforward 
answer is possible on this question as the contribution varies from location to location and depends on 
the pollutant. Three locations have been selected to provide an insight in the answer: 
- Cas Chikitu, the nearby downwind location, 
- Blauw, the remote downwind location, 
- Piscadera, a location downwind of the Rector Zwijssenstraat power station. 
 
Two pollutants are selected: SO2 and PM10. The selected polluting activities are refinery, Dokweg 
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power station, Rector Zwijssenstraat power station and local traffic. Furthermore the contribution of all 
other polluting activities is assumed to result in a so-called background concentration (natural 
background + contribution of all other polluting activities upwind of Schottegat). 
 
The contribution has been estimated by analysing the measuring data and by analysing the emission 
dispersion calculations and is illustrated in the following graphs. 
 
 
 
 
 
 
        
        
        
        
        
        
        
 
 

S6 Impact 

The impact can be best described in quantitative terms of additional early deceases, additional 
illnesses, material damage and loss of biodiversity but it is rarely possible to establish all statistical 
correlations. It would require a very extensive and long-continued assessment. In this report the impact 
on human health is illustrated by: 
- counting the exposed numbers of houses/inhabitants 
- indicating the (long-term or chronic) changes in health effects using standard dose-response 

correlations. 
 
It should be noted that in addition to the health effects calculation there exist medical evidence 
demonstrating health complaints being related to the occasionally occurring high pollution levels, which 
occur at unfavourable meteorological conditions. Evidence of the impact of long-term exposure on 
health is less clear. For more information reading the medical report ‘Health complaints & air pollution 
from the Isla refinery in Curaçao’ [GGD’99] is recommended.  
The main conclusions [MD’00c] related to health effects are: 
• Detection: odour recognition, visible haze/mist 
• Discomfort: The population in the downwind surroundings experience discomfort on almost a daily 

basis (red eyes, minor lacrimation, respiratory discomfort, minor nausea, dry throat). 
• Disability: High pollution levels occur due to unfavourable meteorological conditions and/or process 

upsets at the refinery and cause disability (vomiting, dyspnea). 
 
Besides the acute effects there are chronic effects related to air pollution. The chronic effects are 
calculated for the exposed population by exceedance of the air quality standards. The exposed area 
has been calculated using the dispersion model for the health effect caused by the exceedance of the 
air quality standards. 
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The impact on nature has not been examined, neither has the impact on buildings and infrastructure. 
Nevertheless it is obvious that there is damage to buildings and infrastructure due to corrosion, e.g. 
visible at the metal constructions along the roads and roofing of houses. 
 

S6.1 Number of exposed houses and population  
The number of houses that are exposed to concentrations higher than the air quality standards have 
been counted. The total number of houses down-wind from Schottegat amounts to 3932. Assuming an 
average factor of 4.26 persons/house [MD’97a] the exposed population is estimated (total population 
down-wind Schottegat amounts to 16743). The results are presented in the following table. 
 

Table S.7 - Population exposed to air pollution above the air quality standards and that perceive 
 the typical refinery odour. 

Pollutant Air quality standard Number of exposed 
houses 

Number of exposed 
persons 

SO2 80 µg/m3 1820 7770 
PM10 75 µg/m3 TSP* 1* 4* 
 40 µg/m3 PM10 1419 6047 
Perceptible odour - 2206 9398 
Unpleasant odour - 1693 7213 
* Exposed area for PM10 concentrations above 75 µg/m3 PM10, which results in an underestimation of the number of 

exposed houses and persons. 

 
S6.1 Health effects  

The methodology  used is copied from the World Bank reference 'Estimating the health effects of air 
pollutants', a method with an application to Jakarta' of the World Bank policy research department of 
May 1994. To estimate the health effect associated with changes in air pollution, three factors must be 
determined: the dose-response relationships, the susceptible populations, and the relevant change in 
air pollution. The dose-response relationships for the health effects estimation are copied from the 
World Bank reference; the susceptible population and the change in air pollution are calculated using 
the dispersion model (200x200m grid). 
 
The economic value associated with the change in air pollution is not estimated but could be added if 
an economic valuation of the health endpoints is available/made. 
 
Epidemiologic1 studies provide dose-response relationships between concentrations of ambient 
particulate matter and several adverse health outcomes, including premature mortality, respiratory 
hospital admission, emergency room visits, restricted activity days for adults, lower respiratory illness 
for children and asthma attacks. Indicated long-term effects of SO2 are incidence of respiratory 
symptoms and risks of mortality. Although the health outcomes are also associated with the co-
pollutants particulate matter and ozone several studies appear to show an effect of SO2 alone. It is 

                                                        
1 E.g. From the London data of 14 winters the following general conclusions can be drawn: 1. there is a strong relationship between 

particulate concentrations and daily mortality, which holds for the entire data set and for the individual years (the later years exhibited almost 

an order of magnitude decrease in air pollution concentrations); 2. there is no indication of a 'no effects level' at the lower concentrations of 

air pollution experienced in London; 3. the association between air pollution and mortality cannot be 'explained away' by meteorological 

factors or by serial correlation in the data; and 4. regardless of the model specified, the quantitative implications of the studies are very 

similar. 
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important to note that some SO2 is converted to sulphates/particulate matter. Therefore some of the 
benefits of reducing SO2 relate to the reduction in particulate matter. 
 
The health benefits of achieving the air quality standards are presented in the following table. With 
respect to particulate matter two standards are presented, the existing TSP standard of 75 µg/m3 
(annual mean value) and the PM10 standard under consideration (40 µg/m3 PM10 annual mean value). 
For some effects the morbidity applies to a specified part of the population (children, asthmatics). The 
part is indicated below the table. 

Table S.8 - Health benefits by achieving the air quality standards for the population of 16,743 
 persons1) living downwind Schottegat. 

Pollutant Air quality 
standard 

Health effect  Occurrence 
actual  

/year 
future scenario 

SO2 80 µg/m3 Premature mortality2) 3.7 3.0 persons 

  Cough in children 6.7 5.4 children  

  Chest discomfort in adults  7230 5790 adults 

PM10 75 µg/m3 TSP Asthma attacks 3) < 1 < 1 asthmatic 
 40 µg/m3 PM10  152 51 asthmatic 
 75 µg/m3 TSP Chronic bronchitis 4) < 1 < 1persons 
 40 µg/m3 PM10  3.8 1.3 persons 
 75 µg/m3 TSP Emergency room visits 5) < 1 <1 visits 
 40 µg/m3 PM10  14 4.8 visits 
 75 µg/m3 TSP Lower respiratory illness in children6) < 1 < 1 children 
 40 µg/m3 PM10  98 33 children 
 75 µg/m3 TSP Restricted activity days8) 12 < 1 days 
 40 µg/m3 PM10  3530 1180 days  
1) 34% children, 66% adults; 7.6% asthmatic. 

2) Crude mortality rate estimated at 0.007/year. 

3) Exacerbation of asthma (based on studies in USA). 

4), 5) Based on a study in USA. 

6) Chronic cough, bronchitis and other respiratory illnesses in the population age 17 and below (based on a study in USA). 

7) Hospital admissions due to respiratory diseases (based on studies in Canada and USA). 

8) Restricted activity days include days spent in bed, days missing from work and other days when significantly restricted 

due to illness (based on a study in USA). 
 
 

S7 Conclusion and recommendations 

S7.1 Results of the DPSIR analysis 
Driving Forces. 
Driving force indicators are not very responsive ("elastic"): the monitored phenomena are driven by 
powerful economic forces, and therefore it can hardly be expected that these trends will change 
drastically in future.  
 
The global driving forces with a clear impact on Curaçao are: 
• 
• 
• 

Increasing energy demand as a result of increasing global population and wealth 
Continued high oil prices 
Increasing demand for refined oil products (distillates) 
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• 
• 

• 

Increasing tourism 
Continued/increasing environmental awareness. 

 
The local driving forces with a clear impact on Curaçao are: 
• The contracting economy (recession) over the past years.  
• The decreasing population of Curaçao over the past years. 
• The drop in tourism over the past years. 
• The assumption of a growing population and/or increasing tourism by IUH (Aquaelectra) in its 

business development plan, Energy 2020. 
 
Economic developments. 

Various developments in the area downwind of Schottegat for urbanization and for tourism 
developments have been undertaken.  

 
Environmental awareness. 
There is/are: 
• Growing realization of the need for environmental protection and preservation.  
• Increasing pressure of society on industrial companies to improve their environmental performance  
• Increasing environmental awareness of consumers  
• Increasing public attention for environmental issues in the Western countries  
• Steps taken by all major oil companies to improve environmental standards of their operations.  
• PdVSA has placed health, safety, and the environment high among its priorities  
• PdVSA plans to spend about $2.5 billion in those areas, 
• PdVSA moves to gain the position of a company with a green conduct and image.  
 
Conclusion for driving forces. 
• The global driving forces indicate a trend towards increases in production. 
• And therefore also potential increases in pollution.  
• Because of the environmental awareness, however, there are also strong societal demands for 

stricter environmental standards. The industry demonstrates greater inclination to invest in 
mitigating measures to reduce the environmental impact. 

•  PDVSA is receptive towards environmental measures and has therefore a comprehensive 
environmental policy in place. 

• At the local level a sharp decline in energy demand for the short term is probable, which will 
increase again after the economy recovers. 

 
Pressure. 
Pressure indicators point directly at the causes of problems. One specific feature of pressure indicators 
is that they should be responsive, that is, a decision-maker has a chance to reduce the indicator (and 
thus the problem) by launching appropriate actions. They will also serve as an incentive for rational 
solutions, since they demonstrate the effectiveness of political action early enough to hold responsible 
those who launched the action 
 
The pressures for air pollution are defined by the quantity and characteristics of the emissions.  
The following emissions were assessed and measured: 
• Heavy metals (Ni, V, Cd, As, Cr, Be, Pb, Sb, Mn, Se, Th, Zn and Cu) 
• Other inorganic compounds; Sulphur dioxide (SO2), Hydrogen sulphide (H2S), Nitrogen oxides (as 

NOx). 
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• Organic compounds: Volatile organic compounds (VOC), Benzene, Benzo(a)pyrene - B(a)P (as 

indicator for Polycyclic Aromatic Hydrocarbons), other odorous and toxic compounds. 
• Particulate matter (fine particulate matter (median diameter < 10 μm)) 
 
The assessment of the present situation with respect to air quality leads to the following conclusions:  
• Sulphur dioxide: The present emission is 77.8 kton/year and in the future scenario it will be 75.7 

kton/year. 
• Nearby the refinery and at elevated locations, the refinery emissions account for about 90% of the 

ambient SO2 level  
• Particulate matter: The emission of total suspended solids in the present situation is 3.73 

kton/year and in the future scenario it will be 2.96 kton/year. 
• Nearby the refinery and at elevated locations, the refinery emissions account for about 60% of the 

ambient PM10 level.  
 
Conclusion for pressure. 
• The pressure in the future situation will decrease, but will still remain considerably high for the 

indicators mentioned.  
 

S7.2 The State of the Environment.  
State indicators are often too slow. However, state indicators can serve to make a first assessment of 
the situation (what is the current state of the area? where could corrective measures be applied?) , and 
they are certainly appropriate tools to plan habitat restoration and similar corrective activities.  

 
The State of the Environment is presented by calculated ambient concentrations for SO2 , particulates 
and odour in the present and the future situation. It is graphically described by the area and contours of 
different air qualities and the number of exposed houses and persons. 
 
Present situation 
The assessment of the present situation with respect to air quality leads to the following conclusions:  
• Sulphur dioxide: The Curaçao air quality standards for SO2 levels are exceeded in large parts of 

the area downwind Schottegat.  
• Particulate matter: The Curaçao annual mean air quality standard for particulate matter is 

exceeded in part of the area downwind Schottegat. The measured PM10 values at Cas Chikitu 
were 51, 90 and 169 μg/m3 and at Blauw these were 18, 30 and 42 μg/m3 respectively.  

• Odour: A typical refinery odour can be identified in large parts of the area downwind of the 
Schottegat.  

• Other pollutants: The measured levels for a selection of aromatic hydrocarbons, heavy metals 
and PAH are below selected air quality standards. 

 
Future situation 
The assessment of the future situation (B.O.O. in operation and IRUP executed) with respect to air 
quality leads to the following conclusions: 
• Compared to the present situation, the future air quality will improve but not comply with the 

Curaçao air quality standards in the areas indicated in the graphs for particulate matter and sulphur 
dioxide.  
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• There are in the present situation approximately 1820 houses and 7770 persons exposed to 

sulphur dioxide above the present Curaçao air quality standards. In the future situation 
approximately 7230 persons will still be exposed to sulphur dioxide above the air quality standards.  

• When the more stringent standard of 40 μg/m3 PM10 is applied, then approximately 1419 houses 
and 6047 persons are exposed to particulate matter. In the future situation approximately 2932 
persons will still be exposed to PM10 particulate matter.  

• There are approximately 2206 houses and 9398 persons that perceive the typical refinery odour.  
• Of these numbers approximately 1693 houses and 7213 persons perceive the odour as 

unpleasant. 
 
It is noted that the exposed area in the future will be smaller and the number of houses and persons 
affected will be lower than in the present situation, notwithstanding similar emissions. The positive 
effect is caused by the higher stacks in the future situation.  
 
Conclusions on State of the Environment. 
• The pressure (emissions of sulphur dioxide and particulate matter, VOC, odour) is high at present.  
• There is no pressure from other pollutants as the emissions thereof lie far below the threshold 

values.  
• The State of the Environment is unfavourable for a large area and a large number of houses and 

persons in that area. The future will show a limited improvement as a result of IRUP and BOO. 
 

S7.3 Impact 
Impact indicators react even slower than state indicators. When the impacts are felt, it is usually too 
late for action. In addition, it is rarely possible to establish solid statistical correlations between 
pressures, state, and impacts, due to the enormous delays and the influence of non-environmental 
variables. The main purpose of impact indicators is to demonstrate DPSIR patterns, in particular: 
cause-effect chains, and to facilitate informed discussions about actions to avoid negative impacts in 
future. In this sense, they are not statistical "indicators", but scientific "decision models".  

 
The impact is assessed by the health effects on the population. Not assessed is the damage expressed 
in monetary units (as a consequence of negative health effect, material damage and loss of 
biodiversity). 
The health effects are given in Table 3.10 (page 59). A few of these effects are mentioned here. 
• Chronic effects exist ranging from premature mortality to chest discomfort, caused by not 

complying with the existing air quality standards. 
• Approximately 7230 adults suffer chest discomfort in the present situation and approximately 5790 

in the future situation.  
• Presently the number of asthma attacks is approximately 152 (calculated) and will decrease to 

approximately 51 in the future.  
• Lower respiratory illness in children now affect approximately 98 children and will decrease to 

approximately 33 children in the future.  
• Restricted activity days are now assessed at approximately 3530 and is assessed at approximately 

1180 days in the future. 
 
Conclusion on impact. 
• A large number of adults and children are impacted by the adverse air quality in the present 

scenario and such will still be the case in the future scenario though at a lower scale. 
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S7.4 Environmental Policy. 

Response indicators are very fast, since they monitor the measures which are intended to make the 
slow socio-economic system move. Example: the volume of money spent by public authorities and 
industry for environmental protection measures can serve as a quick indication whether appropriate 
actions have been launched. There is no a priori guarantee, however, that political responses (actions, 
measures, instruments, budget increases, ...) will be useful and efficient; the monitoring of success can 
be performed only through pressure and state indicators.  
 
• The legal framework for environmental control and monitoring for ambient air quality, wastewater 

and wastes is primarily defined by the Nuisance Ordinance 1994 and the Regulations as defined in 
Attachment F.  

• The environmental standards of Curaçao, which are now in force, are less strict than the present 
international environmental standards.  

• The Environmental Service plans to apply stricter standards in accordance with the present 
international standards. 

• Construction of the BOO and the IRUP started at the beginning of 2000; the start up is at the 
beginning of 2002. 

• PdVSA's engineering company Intevep concluded that residue gasification is the preferred 
technical measure to reduce emissions and meet the air quality standards. 

 
Conclusions for Environmental Policy. 
The responses will lead to limited improvements by the year 2002. After IRUP and BOO the ambient air 
quality in part of the area downwind of the industries will still not be in line with local and international 
standards. For the following years, no firm commitment has been made on the necessary measures 
(e.g. gasification). However, the Government and the industries, have set out policies that are 
consistent with international policies. The environmental awareness in society, generally speaking, 
support and stimulate these policies. 
 

S7.6 Conclusions summary 
According to the DPSIR analysis, the driving forces will put an upward trend on production of 
petroleum products in the refinery. This will lead to more pollution by the refinery if no additional 
mitigating measures are taken. The emissions due to production of energy and water for the local 
market should have declined sharply, but is expected to develop an upward trend after recovery of the 
local economy. 
 
Consequently the already high pressure and the impact will remain high in the future, be it at a 
slightly lower level. The state of the environment will improve only marginally. 
 
The environmental policies of government and industry indicate sensitivity for the situation and a 
predisposition to take the appropriate measures. However, no firm commitment on the mitigating 
measures after IRUP and BOO has been made as yet. 
 

S.7.7 Recommendations. 
Considering that the driving forces in the study area point towards increasing production and pollution 
in the future, while the already high pressure and the impact will decline only marginally or even 
increase when the production for the local market increases further, which will cause further 
deterioration of the state of the environment in the area.  
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• 
• 
• 
• 
• 
• 

Considering further that government and industry demonstrate their environmental awareness, as 
written in their environmental policies and indicate disposition to take the necessary measures; 
 
Hence it is recommended that government and industry negotiate and draft a new agreement, similar to 
the previous agreement for (the environmental measures in) IRUP, to work out a timetable to construct 
the necessary facilities to counteract the effects and consequences of the driving forces.  
 
For gasification the following timetable could be considered: 

2001: feasibility study and definition study 
January 2002: final investment decision 
First half of 2002: basic design 
Second half of 2002: detail engineering  
2003: procurement, construction  
end of 2003: start-up. 

 
The presented time schedule does not consider any other major investment (e.g. a multi billion project 
like a Hycon or Flexicoker). The gasification unit is considered independently of such investment. 
 
In order to comply with and to check the Curaçao air quality standards the following measures are 
recommended. 
 
Emissions 
1. Reduce the SO2 and particulate matter emissions of the large combustion plants (refinery and 

power generation on the refinery premises); the Intevep report provides a sound basis for selecting 
the most appropriate measures.  

2. Set targets and mutually agreed dates for achieving the reductions.  
3. Investigate the possible responses to serious acute health effects as a consequence of 

unfavourable meteorological conditions. 
4. The Badger study provides a sound basis to reduce VOC emissions and related odour emissions. 

In addition a Leak Detection And Repair Programme (LDAR) as defined in US-EPA guideline 21 
[EPA’95] is recommended. The focus of a LDAR is on maintenance and would not require 
investments in process equipment. 

 
Air quality measuring 
1. In order to verify compliance of the ambient air quality standards, continuous measuring at a fixed 

location of at least SO2 and particulate matter is recommended. Cas Chikitu would be a suitable 
location, enabling to take advantage of the available historical data. 

 
Environmental policy 
1. The Curaçao air quality standard for particulate matter is about twice the modern western 

standards. It is recommended to reconsider the existing standard in order to protect human health. 
The stricter standards could e.g. serve as a goal to be achieved within 5-10 years. 

2. It is recommended to work out an action plan and time schedule for implementation of the delayed 
IRUP and additional measures in order to comply with the air quality standards.  

3. It is recommended to monitor the environmental developments and to cover at least the pressures, 
state of the environment and response measures in a systematic way on a yearly basis. Important 
issues are a trend analysis, quantified goals and an evaluation of the response measures. 

4. It is suggested to monitor typical health effects related to air pollution, i.e. inflammation of the 
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respiratory tract. 

5. It is suggested to identify the bottlenecks in enforcing the environmental regulations and to develop 
a strategy to deal with the identified bottlenecks. 
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1 Introduction 

1.1 Background 

The air pollution in the area downwind of the Schottegat Bay on the island of Curaçao is a point of 
concern. For many years the residents living downwind of the refinery complained about the pollution 
caused by toxic pollutants, soot and odour nuisance. In this area of approximately 2,100 ha about 
16,743 inhabitants are living, which is about 12% of the total number of inhabitants of Curaçao1. 
 
The air pollution is caused by a variety of activities; the activities of the petroleum refinery 'Isla' being 
the most dominant. Several initiatives have been undertaken to assess an aspect of air quality. Also 
dedicated legislation has come into force. Notwithstanding the valuable results of all these initiatives a 
broad overview of the air pollution issue from different angles is still missing. Furthermore some 
important changes of the main air polluting activities are expected in the near future, in particular the 
erection of a new power plant on the refinery premises (commonly known as BOO) and the refinery 
upgrading programme (IRUP), which encompasses environmental improvements. There exists a public 
concern that the positive impact of these changes will not be sufficient. 
 
In order to address these concerns the 'Milieudienst Curaçao' (Environmental Service of Curaçao) has 
defined a project to assess the actual and future environmental quality downwind of the Schottegat 
industrial area and commissioned Tebodin assisted by Tauw to undertake this study. The project was 
financed by the Netherlands via Noodprogramma 1998 and is a project of the Programme of 
Cooperation between the Environmental Service of Curacao and the DCMR Environmental Protection 
Agency Rijnmond. 
 

1.2 Objectives and contents of the assessment 

The project has two objectives. The first objective is to assess the actual air pollution downwind of the 
Schottegat industrial area. The second objective is to assess the environmental quality after the 
execution of the envisaged activities (BOO and IRUP). The main questions to be answered are 
sketched in the following figure. 

Polluting activities: Is the refinery the only important polluting activity? 

Polluting 
activities

Which 
pollutants

Impact on 
health

Which pollutants: The focus has always been on SO2 and TSP but are other pollutants relevant? 
Impact on health: A negative impact of air pollution has been demonstrated but what is the 
extent? 
Extent of odour: What is the extent of odour nuisance? 

 
1 Estimate figures provided by the Department of Urban and Regional Development Planning and Housing in [MD97a]. 

Extent of 
odour

Possible 
measuresOutlook

Figure 1.1 - Main issues to be clarified. 
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• 

• 

Outlook: What can be expected of the envisaged developments and will air quality standards be 
met? 
Possible measures: What can be done to improve air quality to attain air quality standards?  

 
The relevant air pollutants and sources of air pollution have been identified, air quality has been 
estimated by literature review, measurements and calculations, the air quality evaluated by existing 
standards and impact on public health.  
 
For the assessment of the future situation a qualitative analysis of the impact on water pollution is 
included. 
 

1.3 Contents of the report 

Prior to the technical chapters the approach is explained (chapter 2) including the relevant definitions 
and the scope. The actual situation and the future situation are described in chapter 3, respectively 
chapter 4. The situation is described along the causal chain of the activities (driving forces of the 
pollution), the emissions, air quality and impact of the air quality on public health. 
 
The conclusions and recommendations are presented in chapter 5. Contacted persons, detailed 
information on the methodology and detailed results such as measurements results can be found in the 
attachments. 
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2 Scope, approach and framework 

2.1 Scope of the study 

The scope of the study on air pollution can be defined by specifying the parameters. The parameters to 
be defined are: 
- Activity 
- Compound 
- Period 
- Location. 
 
Activity 
The air pollution downwind Schottegat is caused by a variety of activities. The activities of the 
petroleum oil refinery 'Isla' are the most dominant for several pollutants but also other activities account 
significantly or dominate for other pollutants. The main examples are road traffic and power generation. 
 
The initially selected activities are presented in table 2.1. 

Table 2.1 –Selected air polluting activities. 

Activity group Activities 
Refinery Within the refinery combustion and non-combustion sources of air 

pollution can be identified. Combustion sources are process furnaces, 
cat-cracker and other refining installations, flaring, turbines and boilers. 
Non-combustion sources are leaking equipment (fugitive emissions), 
evaporation of open wastewater treatment areas & channels and 
breathing/operation of storage tanks. 

  
Power generation Steam boilers, gas turbines and diesel generators. 

  
Traffic Road traffic  
 Water traffic 

  
Other Other industrial activities (ship yard, brewery, small and medium 

enterprises, …),  
Households (cooking, barbeque, …), 

 Polluted surface water (e.g. with respect to odorous emissions) 

 
 
Compound 
Considering the present and future activities and their respective emissions and taking into account 
former studies a set of air pollutants was selected. The main criteria for the selection are: 
1. cause pollution locally; 
2. potentially exceedance of health standards; 
3. sufficient reliable data available. 
 
With respect to the first point it is noted that the global change impacts are not studied in this report 
(e.g. greenhouse gases or ozone layer depleting emissions).  
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The initially selected compounds are presented in table 2.1. 

Table 2.2 –Selected air pollutants. 

Compound group Compounds 
Heavy metals Ni, V, Cd, As, Cr, Be, Pb, Sb, Mn, Se, Th, Zn and Cu 

  
Other inorganic compounds Sulphur dioxide(s) (as SO2) 
 Hydrogen sulphide (H2S) 

 Nitrogen oxides (as NO2) 
  

Organic compounds Volatile organic compounds (VOC)  
 Benzene 
 Benzo(a)pyrene - B(a)P (as indicator for Polycyclic Aromatic 

Hydrocarbons) 
 Other odorous and toxic compounds 

  
Particulate matter Fine particulate matter (diameter < 10 μm) 

 
Period 
Two situations are taken into account: the actual situation and the future situation. For the actual 
situation the most recent, ready available information is used. The future situation consists of a 
projection scenario describing the impact of the envisaged energy utility BOO (build, own & operate) at 
the refinery premises and an executed refinery upgrading programme (IRUP). The future situation 
scenario is defined in chapter 4. 
 

Location 
The prevailing1 wind direction of 
Curaçao (East) is determined by 
the trade winds and is dominant 
for most of the time. Hence the 
study location can be confined to 
the area downwind of the 
Schottegat bay. The territory 
downwind of the refinery takes up 
approximately 2,130ha. The total 
population is estimated to amount 
to 16.743 inhabitants [MD’97a]. 

 

                                                        
1 Average wind direction is 88 degrees North, monthly averages ranges from 83-92 (Hato Airport 1961-1990 data, [meteo’01]; wind direction 

ranges from 58 (2.5 percentile) to 119 degrees (97.5 percentile); Hato Airport 1992 meteo data. 

Figure 2.1 -  Area downwind of Schottegat and prevailing wind direction indication. 
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2.2 Project approach 

The project commenced with a literature review. The findings were used to define the required 
measurements. The air quality of selected compounds and the composition of the particulate matter 
were measured/analysed. The results were used to set up an air pollution model in order to compare 
the actual situation with the future scenario and to quantify the exposure and health effects.  
 
Review 
The air pollution downwind of the Schottegat industrial area has caught the attention for a long time. 
Over a long period of time, studies have been conducted and given a general insight in the topic. The 
available information is reviewed in order to understand the actual situation, the developments to be 
expected in the near future and to identify missing subjects. The review findings have been discussed 
with different stakeholders to work out a detailed project approach, which resulted in a final decision on 
the approach and the selected activities and pollutants. The review findings and selection justification 
are presented in Annex B. 
 
Measurements 
Based on the reviewed data an air pollution simulation model has been developed. The model results 
have been used to prepare the measurements. Measurements have been performed at the refinery, 
three fixed locations for air quality and various locations for the sniffing tests. Sniffing tests are used to 
define the odour perceptibility and hinder distance. The measuring results are presented in Annex C. 
 
Calculations (actual and future situation) 
With the measurement results the air pollution simulation model is refined. The model is used to 
estimate the long-term impact of the whole area downwind of the Schottegat Bay. Calculations have 
been made for the actual and the future situation scenario. The model details are presented in Annex 
D. 
 

2.3 Framework 

All air pollution topics presented in this report are structured along the causal chain (DPSIR approach, 
which is used by the European Environmental Agency). The approach consists of Driving forces 
(societal trends and developments of the main economic sectors), Pressure (emissions), State (air 
quality and deposition), Impact (impact on human health, ecosystems, materials) and Responses. 
Responses describe the policies that have been or are being developed to deal with the problem and to 
improve the state of the environment.  
 
Figure 2.2 illustrates the DPSIR approach. The project is focused on the ‘State’ of the environment, i.e. 
air quality. To understand the relations between the different parts of this scheme and to get a complete 
impression of their mutual influences, it is necessary to give attention to all parts of this model. 
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Pressure

Driving 
forces

Response
(Policy)

State

Impact

Basic sectoral trends, 
e.g. in energy generation, 
transport, industry, 
tourism, agriculture.

Human activities directly 
affecting the 
environment, e.g. 
atmospheric emissions.

Response of society 
to solve the problem, 
e.g. energy taxes.

Effects of a changed 
environment, e.g. 
negative health effects.

Observable changes of the 
environment, e.g. altered 
concentrations of pollutants in 
ambient air.

Figure 2.1 -  Policy measures in relation to the causal chain (model of the European 
 Environment Agency). 

Additional information on DPSIR is given in Annex D. 
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• 
• 
• 

• population; 
• prosperity; 
• tourism; 
• 

3 Present situation 

3.1 Driving forces 

The driving forces that influence the air quality downwind Schottegat consist of a variety of relevant factors 
related to refinery operations, power production and traffic. The general socio-economic factors to consider 
are: 
1. refinery operations: 

demand and price of petroleum products; 
trends in refinery operations; 
socio-economic and political factors in Venezuela (as PdVSA is a state-held company). 

2. power production and traffic: 

industrial power demand. 
3. environmental awareness 
 
The refinery and tourism operate in global markets whereas the other factors are be considered as local 
factors. The factors are discussed in the following paragraphs, zooming in from a global view towards a view 
of Curaçao. 
 
Besides socio-economic factors, technology and (environmental) legislation have a clear impact on air 
quality. Technologic aspects are discussed integrated with the other factors. Environmental legislation is 
discussed in paragraph 3.2.  
 

3.1.1 Demand and price of petroleum products 

Energy demand 
The global energy demand is expected to rise steadily as a consequence of the population growth (from 6 
billion in 2000 to 8-9 billion in 2030) and increasing prosperity (by factor 3 from 2000 to 2030) [RIVM, 2000]. 
The energy demand in 2050 is expected to amount to three times the energy demand of 2000.  
 
Oil demand 
This global trend is reflected in the increasing demand of petroleum products. Oil consumption increased by 
1,6% in 1999 [Oil&Gas98/27] and is expected to increase further for the short-term. The trend is illustrated in 
figure 3.1, demonstrating the annual change in world oil demand of 2000 and the short term expectations. 
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Figure 3.1 -  OPEC Crude Oil Production 1999-2001 and annual world oil demand (changes  
  from the previous year) [EIA'00b]. 

 
The oil demand outlook is illustrated in figure 3.2 showing that U.S. petroleum consumption is expected to 
continue rising on the long term. 

 

Figure 3.2 - USA petroleum consumption in five cases, 1970-2020 (million barrels/day) [EIA’00c]. 
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Shift towards distillates and fuels low in sulphur 
Furthermore it can be noted that while the demand of distillates rises the demand of residual products 
decrease [eia'00c]. Figure 3.3 illustrates that light products account for most of the increase in demand for 
petroleum.  

Figure 3.3 - USA petroleum consumption, 1970-2020 (million barrels per day) with a product  break-
down [EIA’00c]. 

Following several environmental regulations fuels low in sulphur content are favoured, both on-shore and off-
shore, e.g. the International Maritime Organisation accepted1 the proclamation of so-called SOx emission 
control areas imposing a maximum sulphur content of 1.5% instead of 4.5% in the control areas (e.g. Baltic 
Sea and North Sea to be accepted). On-shore examples are the USA and EU having low sulphur 
specifications for motor-fuels. 
 
Oil prices 
With respect to oil prices it is noted that high prices persist and are expected to persist at least for the short 
term. The following figure illustrates e.g. the US Energy Information Administration short-term expectation 
(outlook of September 2000) and the long-term expectations of the US Energy prices. 
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Figure 3.4 - US monthly crude oil prices [EIA'00b]. 
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Figure 3.5 - Lower 48 crude oil wellhead prices, 1970-2020 (1998 dollars per barrel) [EIA’00c]. 
 
 
 

3.1.2 Trends in petroleum refineries  

Refinery capacity  
In the US Northeast and the Mid-Atlantic regions, there has been a trend of greater refinery capacity at 
usually lower costs the past several years (Oil&Gas98/38). World-wide the refining capacity increases slowly. 
In 1999 the crude distillation capacity in South America increased by 180,000b/cd, mostly via upgrades in 
Venezuela and the Netherlands Antilles [Oil&Gas 97-51]. 
 
Refinery characteristics 
Demands for higher-quality transportation fuels, tighter capital restrictions, and higher refinery utilisation will 
be further magnified by declining crude quality, and more-severe product specifications (with respect to 
lowering demand for residual oil and higher demand for low sulphur products). These factors have sparked 
renewed interest in converting the heavier fraction of the crude barrel. (Oil&Gas96/44). Several techniques 
have been implemented to convert the heavier fractions but no general shift towards conversion can be 
noted. 
 
In line with this interest PdVSA/Intevep has successfully tried a novel technology at a commercial level at the 
Isla refinery, i.e. aquaconversion. Aquaconversion is based on a partial and selective steam reforming of 
heavy molecules, which results in products with lower gravity and improved quality and produces stable 
residue [Oil&Gas 96-44]. 
 

3.1.3 Venezuela 

As PdVSA is a state-held company socio-economic and political factors in Venezuela can be regarded at as a 
driving force for the Isla refinery.  
Venezuela’s economy is extremely oil-dependent. It ranks third in terms of refining capacity. Oil accounts for 
roughly three-quarters of total exports, about half of government revenues, and about one-third of GDP 

                                                                                                                                                                               
1 IMO Conference of September 1997 - new Annex VI of MARPOL: 73/78. 
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[Oil&Gas98/16]. 
 
Since President Chavez took office Venezuela has abandoned its aggressive production expansion policy 
and returned to strict production quotas [Oil&Gas98/16]. He also intends a shift in focus away from crude oil 
production and toward petrochemical, refining, and natural gas production. 
 
This means that PdVSA plans to boost its production of refined products and to increase the output of gas-
based petrochemicals. It intends to concentrate on core activities such as petroleum refining and trade 
(Oil&Gas98/16). Although PdVSA would focus on restricted volume growth on the short term, crude oil 
production will be doubled within the next ten years [Oil&Gas98/16]. The current level of production capacity 
is 3.56 million b/d, which is expected to increase to 5.8 million b/d by 2009 [Oil&Gas98/16]. Another important 
factor is OPEC agreements and the Venezuelan interpretation with respect to the agreements.  
 
Although foreign investment will not be immediately threatened, the increased government control is not seen 
as a positive sign for long term investment in oil companies. Furthermore, under Chavez social benefits are 
increasing. For instance, the workweek has been reduced. Revenues from PdVSA are expected to fuel 
Chávez's plans to boost government spending on social programs. Over two-thirds of PdVSA's revenue 
presently is paid to the government in royalties. Profits of PdVSA increased by the combination of high oil 
prices and production to a level that is the highest of the past years. 
 

3.1.4 Population, prosperity and industrial power demand 

As already mentioned the world population is growing and prosperity is expected to increase, leading to 
higher power demand and more traffic. Another consequence of population growth will be an increasing 
demand for space and hence an increasing pressure on space [RIVM’00]. 
 
The Island is experiencing a general immigration from neighbouring countries and emigration towards Europe 
and the USA. The emigration is most probably related to the difficult economic times Curaçao is facing (e.g. 
reported in the quarterly bulletins of the Central [Bank'00a]) and the continued economic growth in the USA 
and Netherlands of recent years. 
 
These developments and the drop in tourism have slowed down the over-all increasing power and fresh 
water consumption (Production indices [Bank'00b]). Nevertheless it can be noted that the business 
development plan of IUH [Energy 2020] is based on the assumption of a growing population and/or 
increasing tourism resulting in an increasing demand for power and drinking water. 
 
A previous paragraph pictures a general rise in power demand. Looking at countries with an established 
industry, it can be noted that the rise is dominated by the transport sector and consumption of goods and 
services. Notwithstanding the growth in industrial production the industrial power demand tends to stabilise 
which is achieved by continuous improving energy efficiency.  
 

3.1.5 Tourism 

Tourism clearly counts as one of the most remarkable economic and social phenomena of the last century. It 
undoubtedly will keep this position for the century to come. Every year a bigger portion of the world 
population takes part in tourism activity and for the majority of countries tourism has developed as one of the 
most dynamic and fastest growing sectors of economy [ITO'00]. Growth is influenced by increasing income of 
the tourists and falling prices for tourism services. [EEA’98]. The following figure illustrates the general growth 
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in tourism. 
 

The rate of growth for the Americas, of 2.4 per cent, was lower than the world average, mainly owing to flat 
results for Southern America in general (-0.1%) and Mexico (-2.9%) which was only partially compensated by 
those of the United States (4.5%) and Canada (3.7%). Central America fared much better, especially 
Guatemala (29%) and El Salvador (21%). Results in the Caribbean were mixed, with Cuba (12%) and the 
Dominican Republic (15%) among the big winners and Puerto Rico (-11%) 
among the losers. 
 
Tourism revenues declined on Curaçao (4.2% first quarter of 2000 compared to first quarter of 1999 
[Bank'00a]). This drop can be ascribed to the development in stay-over tourism. Cruise tourism, on the other 
hand, records a substantial increase of 27%, as more and larger cruise ships visited the harbour. Comparing 
the tourist arrivals and tourism receipts of Curaçao (195,000 arrivals and 261 million US $ in 1998 [WTO'00]) 
with neighbouring Aruba (647,000 arrivals and 715 million US$), the conclusion can be drawn that there is a 
clear potential to expand tourism way beyond the figures of the nineties.  
 
No dedicated effort was made to retrieve documents on the impact of nuisance from the Schottegat industrial 
area on tourism. But it is noted that tourists do complain about the odour nuisance of the refinery (reported 
e.g. in the appraisal section of the tourist information paper of March 2000). It is clear that the nuisance of 
industrial activities is conflicting with one of the Islands primary assets, i.e. the natural beauty of the Island. 
Also it has been observed by the World Tourist Organisation that out-door and nature-oriented activities are 
becoming more popular. 
 

Figure 3.6 - International tourist arrivals [WTO'00]. 

3.1.6 Environmental awareness 

Growing realisation of the need for environmental protection and preservation has led to increasing pressure 
of society on industrial companies to improve environmental performance [EEA’98]. It is becoming harder for 
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• 
• 

• 

• 

industries to avoid pressure from the society.  
 
Due to the increasing environmental awareness of consumers and the related public attention for 
environmental issues in the Western countries all major oil companies have taken steps to improve 
environmental standards of their operations. PdVSA, ranking fourth (01-01-00 data), in world refining capacity 
is no exception. PdVSA has placed health, safety, and the environment high among its priorities and plans to 
spend about $2.5 billion in those areas, as the company moves to gain the position of a company with a 
green conduct and image according to PdVSA Vice-President Aires Barreto [Oil&Gas 98/16]. The PdVSA 
Health, Safety and Environment statement expresses the willingness to minimise environmental impact on 
industrial activities, gives support to institutions responsible for nature preservation and follows campaigns to 
make people aware of environmental safety [PdVSA’00]. 
 

3.1.7 Driving forces summary 

The outlook of the global driving forces with a clear impact on Curaçao are in short: 
Increasing energy demand as a result of increasing population and wealth 
Continued high oil prices 
Increasing demand for refined oil products (distillates) 
Increasing tourism 
Continued/increasing environmental awareness. 

 
The local driving forces with a clear impact on Curaçao are: 
• The contracting economy (recession) over the past years.  
• The decreasing population of Curaçao over the past years. 
• The drop in tourism over the past years. 
• The assumption of a growing population and/or increasing tourism by IUH (Aquaelectra) in its business 

development plan, Energy 2020. 
 
Hence it is expected that: 

PdVSA continues investing in the Isla refinery which continues using the same type of heavy sulphurous 
crude oil. 
pressure will rise to develop the area downwind Schottegat, e.g. for urbanisation or for tourism 
developments.  

It is noticed that RdK and PdVSA are willing to invest more in environmental measures. 
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3.2 Environmental policy 

The legal framework for environmental control and monitoring for ambient air quality, waste water and wastes 
is primarily defined by the Nuisance Ordinance 1994 and the Regulations as defined in Attachment F. These 
regulations were approved together with the bilateral agreement for twenty years in September 1994 by the 
Parliament of the Netherlands Antilles and by the Island Council of Curaçao. The Nuisance Ordinance was 
approved by the Island Council in 1994.  
 
The applicable air quality standards are specified in Attachment F and listed in the following table. It is noted 
that no standard exists with respect to odour hinder. 
 

Table 3.1 – The Curaçao air quality standards [WF’94]. 

Pollutant Averaging Period Ambient Air Quality 
Standard (µg/m3) 

Allowable Excursions 

Sulphur oxides As SO2; annual mean 80 None 
 
 

24 hour average 
24 hour average 

125 
365 

Three times per year 
Once per year 

Particulate matter 24 hour average 150 5% of the total calendar days 
 annual mean 75 None 
Carbon monoxide 8 hour average 10,000 5% of the monitored periods 
 1 hour average 40,000 5% of the monitored periods 
Ozone 1 hour average 240 Once per year 
Nitrogen dioxide annual mean 100 None 
Lead maximum mean 

averaged over a 
calendar quarter 

1.5 None 

 
These standards are based on a review of the United States Environmental Protection Agency (US-EPA) 
standards (Clean Air Act Amendments of 1970) and the European Community Environmental legislation. In 
general these standards are determining the effects on the more sensitive population groups, such as elderly 
people and children. Therefore the standards should provide adequate protection to the public  
 
Environmental licenses 
The refinery operating company Petróleos de Venezuela SA (PdVSA) applied for a Nuisance Ordinance 
License in 1994. As it was impossible to issue a Nuisance Ordinance License on a short term, a temporary 
two-year Operating License was issued. The Authorities granted the next license in 1997, which may be 
revised every five years. Important developments and conditions are related to the Isla refinery upgrade 
programme (IRUP). The full execution of the IRUP would require more energy than available from the 
refinery’s utilities. Hence it was envisaged to construct a new power plant to supply energy to both the 
island’s public electricity grid and to the refinery. This power plant (BOO) will be operated by the Curaçao 
Utility Company (CUC), that would also take over the existing refinery utilities. The CUC applied for a license 
for the power generation at the refinery premises (BOO and existing refinery utilities) in 1998, which was 
granted by the Authorities in the same year. 
Recently the government has reaffirmed its policy for the industry to comply with environmental standards of 
1994. 
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It is important to note that until BOO enters into operation the energy utilities remain part of the refinery. The 
IRUP includes several environmental improvement measures. With respect to air pollution these measures 
and the BOO lay-out should compensate for the higher SO2 emissions. 
 
The Nuisance License has a threshold limit value for the emission of SO2, which accounts to 114 ton/year for 
BOO. There are no thresholds defined for the emission of SO2 from the refinery; the license contains an 
obligation of the execution of the IRUP-facilities, which are described in the Operating License Application. 
 
The Isla Refinery Upgrading Programme (IRUP) aims at technical improvements to expand the existing 
refinery activities and to improve the environmental quality. The IRUP is not yet executed to the full extent 
and has been adapted according to newer views.  
The programme covers:  

5. margin improvement measures (cracked light distillate hydrotreating unit, a new asphalt burning 
system, slops processing unit, FCCU revamp and mild hydrocracking unit); 

6. environmental projects (sour water stripping, increased sulphur recovery capacity, PP-treater 
revamp, solid waste management); 

7. safety facilities (relief facilities, control system upgrade); 
8. additional measures (incinerator for SRU-2, knock-out drum in SRU feed line). 
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3.3 Activities 

3.3.1 Refinery 

In the refinery process basically crude oil is converted in valuable petroleum products. The refinery capacity 
of Isla amounts to approximately 47.000 ton/day.  
A large variety of processes are in use. The processes can be characterised as combustion and non-
combustion processes (resulting in diffuse emissions). After a general description of combustion emissions 
and diffuse emissions, the main processes of the refinery activities are presented. 
 
Combustion emissions 
Refinery fuel is burned in furnaces and boilers to generate heat for the processes. Fuel is also used to 
generate steam and electricity for the different areas in the refinery. The fuels used are asphalt, heavy fuel oil 
and refinery fuel gas. The fuels contain impurities such as sulphur, polycyclic hydrocarbons and heavy 
metals. Particulate matter and carbon monoxide is formed during and after the combustion process. For 
refinery fuel gas sulphur (in the form of H2S) is the relevant pollutant.  
 
Diffuse emissions 
Non-combustion sources consist of leaking equipment (fugitive emissions), evaporation of open wastewater 
treatment areas & channels and breathing/operation of storage tanks.  
 

3.3.2 Power generation 

Power is generated at three locations (affecting the area downwind of Schottegat) by steam boilers, gas 
turbines and diesel generators. 
 
Utilities at the refinery  
The refinery produces its own utilities as electricity and steam. It is also self-sufficient in its fresh water needs. 
Steam is generated at three pressure levels by a combination of utility boilers and several Waste Heat Steam 
Generators (in total about 370 ton steam per hour). Electricity is generated on-site at three locations by steam 
boilers and by gas turbines. The refinery capacity amounts to approximately 50 MW of electricity.  
 
The refinery utilizes a once-through seawater cooling system. There are three major pump houses supplying 
cooling water to the refinery, all taking suction from channels emanating from the Schottegat Bay. 
 
Power generation at the Zwijsenstraat (Mundo Nobo)  
The power plant at the Zwijsenstraat consists basically of residual oil fired steam boilers. Extra capacity is 
supplied by gas turbines and diesel generators. The plant capacity amounts to approximately 130 MW of 
electricity and to 37,000 m3 drinking water per day.  
  
Power generation at the Dokweg 
The power plant at the Dokweg consist of diesel engine driven generators. The plant capacity amounts to 
approximately 30 MW of electricity. The fuel is residual oil (also called industrial fuel oil or IFO). 
 

3.3.3 Traffic 

Traffic contributes to the air pollution in the area downwind of Schottegat. Motor vehicles (people and freight 
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transport) are well known sources of NOx, CO, benzene emissions and to a lesser extent of particulates and 
SO2. The motorway around the Schottegat Bay is the busiest motorway of the Island [DOW’90].  
 
The shipping (combustion) emissions are related to the ship engine and on-board diesel generator. The main 
fuels being marine fuel oil and diesel oil, the emissions of vessels (tankers, cruise ships, …) are similar to 
those of the power generation. 
 

3.3.4 Other polluting activities 

For the sake of completeness other industrial activities have to be named, e.g. the ship yard, brewery, small 
and medium enterprises. However these activities are not considered to contribute significantly to the air 
pollution downwind of Schottegat. The same applies to households (cooking, barbeque, …). However the 
polluted surface water (e.g. at Valentine) which can be smelled downwind of Schottegat contribute to the 
‘refinery background odour’. 
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3.4 Pressure 

The atmospheric emissions are totalled per source category in tables 3.2 and 3.3. The tables are followed by 
a brief discussion of the emission sources and the references used for the calculations. Details of the 
emission calculations are given in annex D. 
 

Table 3.2 - Actual emissions of macro-pollutants per source category (kton/a). 

Source category SO2 TSP 
Refinery (process units) 47.3 2.03 
Refinery power generation (utilities) 19.0 1.26 
Power generation (Zwijssenstraat&Dokweg power stations) 11.4 0.447 

Total 77.8 3.73 
 
The order of magnitude of the emissions of heavy metals is calculated from the emission measurements 
(Annex C); the order of magnitude of PAH emissions is calculated based on general emissions factors 
[TNO’97]. 
 

Table 3.3 - Actual emissions of micro-pollutants per source category (ton/a). 

Source category Cr Cd Cu Mn Ni Pb V Zn PAH*
Refinery 5.20 0.36 13.9 2.64 23.0 8.84 166 34.9 0.54
Refinery power generation 3.22 0.22 8.6 1.63 14.2 5.46 103 21.6 0.33
Power generation 2.90 0.20 7.7 1.47 12.8 4.93 93 19.5 0.30

Total 11.32 0.78 30.2 5.74 50.0 19.23 362 76.0 1.18
* VROM definition. 
 
Combustion 
The order of magnitude of the heavy metal emissions is estimated from the composition analyse of dust 
samples collected from different flue gas stacks at the refinery.  
 
Diffuse emissions 
The diffuse emissions have investigated thoroughly in 1993 [Badger’93b]. The outcome of this investigation 
was used in the license application. The estimated emissions are presented in the following table.  
 

Table 3.4 - Diffuse VOC emissions (ton/a) 

 VOC emission 
Storage tanks+ vessels 7,130 
Ship loading 875 
Ballast system 265 
Fugitive emissions 2,700 
APIs/CPI, channels, final oil catchers 3,220 to 7,850 
 14,200 to 18,800 
Source: Operating License Application, Revision III, 1996. 
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3.5 State of the environment (air quality) 

3.5.1 Introduction 

The air quality is illustrated in different ways. The following paragraph presents the combined measuring 
results. The perceived odour and hinder is presented in a separate paragraph followed by a analysis of the 
contribution of the different emission sources to air pollution. The last paragraph illustrates the extent of air 
pollution on a map. 
 

3.5.2 Measuring data  

Three measuring locations were selected for the measurements, one upwind Schottegat along the highway 
(Schottegatweg), one downwind close to Schottegat and one downwind at approx. 5 km. The measurements 
as executed by Tauw are intended to complement the existing measuring data for pollutants that haven't 
been measured before, i.e. aromatic hydrocarbons, heavy metals and PAH. Heavy metals and PAH are 
mostly bound to particulate matter, which thus also was measured. The new information resulting from these 
measurements is combined with data on: 
- background concentrations (from the 1981 measuring programme [IVIC’82]) 
- SO2 (from the 1992-1997 measuring data of Isla [MD’00]) 
- CO and NO2 (from the 1981 measuring programme [IVIC’82]). 
 
The combined data on air quality is presented in the following table. The previous studies did not include a 
background station including traffic. This means that no data are available for SO2, CO and NO2 on the air 
quality just upwind of the refinery. It is assumed that the Buena Vista air quality is slightly influenced by the 
refinery emissions. The Buena Vista data are presented in the table between brackets.  
 
The results of the (new) measurements of Tauw are presented by a lower, an average and a high value (24 
hour mean) for the three measuring days. In this way is it possible to have an impression of the daily 
variation. 
 
It should be noted that for SO2 the presented data are based on long-term measurements whereas for the 
other pollutants the data are based on a few measurements. Notwithstanding the latter does not offer high 
accuracy; it does offer an insight in air quality by order of magnitude.  
 
Selected air quality standards based on yearly mean concentrations are also presented to facilitate 
evaluation. All Curaçao standards are listed. In case no Curaçao standard exists another national or 
international standard is selected. 
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Table 3.5 – Combined air quality data for selected locations (μg/m3 if not indicated otherwise). 

  Natural 
background 

 

Background 
incl. traffic 

Appr. 1 km 
downwind 
Schottegat 

Appr. 5 km 
downwind 
Schottegat 

 Air quality definition & 
 Related air quality standard

Soltuna 
'81 

Biesheuvel 
'00 

Cas Chikitu 
'00 

Blauw 
'00 

Inorganic      
SO2 [μg/m3] annual mean: 80 (Cur) < 16 (21) 192 58 
 max 24 hours: 365 (Cur) n.a. n.a. exceeded 

appr. 30/year 

n.a. 

CO [μg/m3] 5% max 8 hr: 10,000 (Cur) n.a. n.a. n.a. n.a. 
 5% max 1hr: 40,000 (Cur) max 4d: 

<290  
n.a. max 11d: 

1740 
max 15d: 872

NO2 [μg/m3] annual mean: 100 (Cur) 6.5 n.a. '81: 24 '81: 14 
Ozone [μg/m3] max 1 hr: 240 (Cur) n.a. n.a. n.a. n.a. 
 Mean value (5 days) 27 n.a. '81: 23 '81: 22 
Organic      
Benzene [μg/m3] annual mean: 5 (EU-2005) 

annual mean: 10 (NL) 
n.a. <3.4 < 3.4 < 3.4 

Toluene annual mean: 7500 (WHO) n.a. 2.0-2.5-2.9 7.8-9.5-10.9 <0.8-1.9-2.8 
Ethylbenzene 98 perc. 8 hr: 10,300 (USA-L) n.a. <0.7 2.1-2.5-2.7 0.6 
Xylenes 98 perc. 8 hr: 10,300 (USA-L) n.a. 1.3-1.8-2.3 12.7-14-15.6 <0.8-2.6-3.9 
BTEX - n.a. 3.3-7.4 26-29 5.1-8.5 
     
Particulate matter      
PM10 annual mean TSPP

1): 75 (Cur) 23 35-38-40 51-90-169 18-30-42 
 5% max 24hr TSPP

1): 150 (Cur) n.a. n.a. 'exceeded 

appr. 3% 

n.a. 

PAH (VROM; 
ng/m3) 

annual mean: - 
1 ng/m3 B(a)P (NL)  

n.a. 
n.a. 

0.235 
0.025 

0.298 
0.025 

0.017 
<0.006 

PAH (EPA; ng/m3) annual mean (USA)2) n.a. 0.274  0.347  0.017  
Cr (ng/m3) annual mean: - (WHO)3) n.a. 0.2 0.2 0.1 
Mn (ng/m3) annual mean: 1000 (WHO) n.a. 0.2 0.2 0.2 
Ni (ng/m3) annual mean: No (WHO)4) n.a. 0.05 0.5 0.6 
Pb (ng/m3) annual mean: 1500 (Cur) 20 n.a. '81: 440  '81: 110 
V (ng/m3) annual mean: 1000 (WHO) n.a. <0.2 5.0 3.3 

n.a.: not available. 

5. The PM10 fraction of TSP may vary, typically between 75-100%; the corresponding PM10 values for a comparison of the measured 

concentrations with the TSP air quality standards would be 60 μg/m3 with 75 μg/m3 as the upper limit for the annual mean 

concentration. 

6. Nine out of 100.000 people exposed to 1 ng BaP per m 3 over a lifetime would be at risk of developing cancer (assuming a 0.71% 

content of BaP). 

7. No known safe threshold. At an air concentration of 1 μg hexavalent chromium per m3, the lifetime risk is estimated to be 4 x 10-2. 

8. No known safe threshold can be recommenced. At an air concentration of 1 μg/m3, a conservative estimate of the lifetime risk is 

4x10-4. 
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Some metals could not be detected by the executed measurements as the concentrations are below the 
detection limit: As (<2.5 ng/m3), Be (<0.1 ng/m3), Cd (<2.5 ng/m3), Cu (<0.1 ng/m3), Sb (<0.3 ng/m3), Se (<1.0 
ng/m3), Pd (<2.5 ng/m3). 
 
Sulphur dioxide 
Comparing the measured ambient SO2 levels, the emissions (see paragraph 3.3) and analysing the 
dispersion calculations (see paragraph 3.5) it can be concluded that the large combustion plants account 
almost totally for the high SO2 concentrations downwind Schottegat. From long term measurements [] it can 
be concluded that the Curaçao air quality standard is exceeded at Cas Chikitu both for the annual mean 
value of 80 µg/m3 and for the maximum allowable exceedance of 365 μg/m3 once a year.  
 
CO and NO2

There are not enough measurement data to check the allowable excursion standards for CO 
concentrations. However it is judged that it is unlikely that these allowable excursion standards would be 
exceeded. The judgement is based on the nature of the emission sources. High CO concentrations are 
usually associated roads with high traffic density in combination with not properly tuned engines. The 
traffic density is not such downwind of Schottegat. Further evidence comes from the 1981 measurement 
data. The highest measured 1 hr value for 11 days (i.e. 3.7‰ of the time) at the location nearby 
Schottegat equals to 5300 µg/m3, which indicates that exceedance of the 5% 1 hr limit value of 40,000 
µg/m3 is not likely. 
 
High NO2 levels are usually associated with high road traffic (e.g. in narrow street canyons). The 
measured 1981 NO2 levels are below the Curaçao air quality standards (annual mean of 100 µg/m3). 
Due to the increased traffic the NO2 levels at motorways are expected to have increased over the years. 
Calculation of the NO2 contribution at Biesheuvel results in typical contribution values of 10 µg/m3 (order 
of magnitude for the annual mean). 
 
Ozone 
Ozone is not emitted as such by anthropogenic sources. Ozone is formed by a complex chemical 
reaction mechanism mainly driven by high NOx and VOC concentrations and UV light. Given the 
Curaçao situation with relative low NOx levels is it unlikely that harmful ozone levels occur regularly. 
This is supported by the 1981 data with ozone values similar to the background level at all measured 
locations. It is however unknown if occasionally harmful ozone episodes (could) occur. VOC levels 
downwind Schottegat are comparable to e.g. the Rotterdam industrial area and UV light can't be a 
restricting factor. Investigating the ozone occurrence possibility further would require a considerable 
effort, which was judged not worth doing. 
 
Organic compounds 
The ambient BTEX concentrations are related to both refinery activities and traffic. Downwind nearby 
Schottegat amounts to 26-29 µg/m3 (about 80% contributed by the refinery operations).  
 
Comparing the BTEX data at the three locations a few explanations can be given.  
Benzene:
  

Calculation of the benzene emissions of traffic at e.g. the ringweg results in typical 
contribution levels of 3 - 4 µg/m3; this is accordance with the measured data at the 
motorway measuring location (Biesheuvel). Assuming a similar traffic contribution 
at the nearby downwind location (Cas Chikitu) it can be concluded that the 
contribution of the refinery does not increase the total benzene level considerably. 
Stated differently, traffic is most likely the dominant source with respect to 
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benzene.  
 
It should be noted the benzene levels (< 3-4 µg/m3) do not exceed the existing 
Netherlands’ air quality standard of 10 µg/m3 or the future EU standard of 5 
µg/m3.  

Toluene and 
Xylenes:

The contribution of traffic to the toluene/xylenes levels is apparent from the 
measured data at the motorway measuring location (Biesheuvel). Nearby the 
refinery (Cas Chikitu) the concentration is dominated by the refinery emissions. 
The toluene concentration further downwind (Blauw) may also be related to the 
refinery. 
It should be noted that the toluene levels (<10 µg/m3) are far below the WHO air 
quality standard of respectively 7500. For xylenes no WHO standard is defined. 
Comparing to the Louisiana standard of 10300 µg/m3 98 percentile is unlikely that 
the measured xylenes levels (< 20 µg/m3) would exceed the Louisiana air quality 
standard. 
 

Ethylbenzene The refinery emissions account for the measured ethylbenzene levels.  
 
It should be noted that the For xylenes no WHO standard is defined for 
ethylbenzene. Comparing to the Louisiana standard of 10300 µg/m3 98 percentile 
is unlikely that the measured ethylbenzene levels (<10 µg/m3) would exceed the 
Louisiana air quality standard. 

 
The 1993 study on VOC [Badger93b], which assessed numerous organic compounds and a few 
inorganic odorous compounds, drew also the conclusion that the measured concentrations did not 
exceed air quality standards. The measured compounds are: 1,2,4-trimethylbenzene, 1,3,5-
trimethylbenzene, benzene, butadiene, carbon disulphide, carbon tetrachloride, carbonyl sulphide, 
chlorobenzene, ethylbenzene, ethylene dichloride, freon11, freon113, freon114, freon12, hydrogen 
sulphide, methane, methyl chloride, methyl chloroform, methylene chloride, p-dichlorobenzene, 
perchloro ethylene, p-ethyltoluene, styrene, toluene, vinylidene chloride, xylenes (-m,-o,-p). 
 
Although the standards for these individual compounds are not exceeded it is not possible to state that 
the VOC in the downwind area don't have a negative impact on human health. The interaction of the 
various compounds of the 'VOC mix' on human health is not known. 
 
Particulate matter, PAH and heavy metals 
The contribution of traffic to the particulate matter levels (PM10) is apparent from the measured data at 
the motorway measuring location (Biesheuvel). Nearby the refinery (Cas Chikitu) the concentration is 
dominated by the refinery emissions. The concentration further downwind (Blauw) may also be related 
to the refinery. The contribution of the large combustion sources is also demonstrated by the presence 
of vanadium in the sampled particulate matter, the metal is virtual absent in the upwind samples. To a 
lesser extend the same applies for nickel. Vanadium could even be used as a tracer to identify the 
contribution of the large combustion sources. It should be noted that the measured concentrations 
downwind nearby Schottegat (Cas Chikitu) exceed the TSP1 air quality standard of 75 µg/m3. This is in 
line with other measurements, which covered periods of several months. 

                                                        
1 Approximately 80-100% of TSP consists of PM10. 
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Also for PAH the contribution of traffic is apparent from the measured data at the motorway measuring 
location (Biesheuvel). Nearby the refinery (Cas Chikitu) the PAH concentration is slightly higher. No air 
quality standards are exceeded. It can be noted that the levels are below typical values for the 
Netherlands. 
 
Lead concentration has not been measured in the project. Based on the IVIC study on air quality [IVIC’82] and 
the fact that leaded gasoline is being phased out it can be concluded that its air quality standard of 1.5 μg/m3 is 
not exceeded in the area downwind of Schottegat. No heavy metal air quality standards are exceeded. It can 
be noted that the chromium, antimony, nickel levels are below typical values for the Netherlands (other heavy 
metals could not be compared due to lack of data).  
 

3.5.3 Odour perceptibility and hinder distance 

A sniffing experiment revealed the distances of: 
• perception boundary of the typical 'refinery' odour and  
• unpleasant perception of the typical refinery odour.  
 
The former can be regarded as an objective perception as the latter is clearly a subjective perception. The 
sniffing group was composed of Island inhabitants, which may have become accommodated to the odour. 
Tourists may perceive an 'unpleasant' odour at a different distance.  
 
The perceptible distance amounts to a distance of about 6.5 km downwind of the refinery (Boca Sami). The 
hinder distance amounts to approximately 3 km downwind of the refinery (Piscadera). 
 
The odour threshold distance measured by the sniffing experiment is used to calculate the ‘odour emission’ of 
the refinery using a reverse dispersion model for the hours of the sniffing experiment. The resulting ‘odour 
emission’ is used to calculate the annual mean odour concentration, which is presented in the figure 3.8. The 
figure presents a contour for the perceptible distance and a contour for the unpleasant perception of the 
odour. The calculation methodology is described in annex D. 
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Figure 3.7 - Refinery odour perceptibility level and indication of the hinder distance. 
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3.5.4 Calculated concentrations and measuring results 

The contribution of an emission source to the ambient air pollution concentrations is calculated by the use of 
a dispersion model. To calculate the actual air quality would require modelling all existing emission sources 
and also all atmospheric withdrawal (e.g. deposition of particulates). Such calculation is possible but would 
require a considerable effort, which was beyond the scope of the study. The practiced simplified approach 
consists of calculating the contribution of all major polluting sources and considering all other sources in a so-
called background. In this case the background concentration is estimated by comparing the measurements 
up- and downwind of Schottegat.  
 
The large point sources (refinery and power generation) have been calculated. The second largest contributor 
is assumed to be traffic. In order have an indication of the contribution of traffic the contribution along a busy 
traffic road is calculated.  
 
The air pollution in a street and on the pavement is dominated by exhaust gases of the traffic. The 
contribution of traffic has been calculated for the Schottegatweg Noord in order to have an impression of the 
maximum contribution of traffic. The calculation results are presented in the following table. The calculation 
methodology is described in annex D. 
 
 

Table 3.6- Contribution of traffic to the concentrations of selected pollutants for the 
 Schottegatweg Noord (μg/m3) 

Pollutant Average 
concentration 

Benzene + 1 
CO + 82 
NO2 + 7 
PM10 + 3 
SO2 + 3.75 
 
It should be noted that the concentration elevation due to traffic decreases quickly along the axis 
perpendicular to the road (order of magnitude 10 m). In other words, the concentration increase due to traffic 
is not noticeable against the ‘city background’ concentration at a distance of about 10 m (order of magnitude). 
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A comparison of the calculated emissions with the measurements is presented in the following table.  
 

Table 3.7 - Comparison of the calculated emissions with the measurements (μg/m3). 

 Calculated 
contribution 

Background
 estimate

Total 
calculated

Measured

SO2  
Biesheuvel 1.1 20 21 21
Cas Chikitu 238 20 258 192
Blauw 67 10 77 58
Piscadera1) 74.5 10 85 53

  
PM10  
Biesheuvel 0.069 35 35 35-38-40

Cas Chikitu 15 35 50 51-90-169
Blauw 5.9 25 31 18-30-42
Piscadera1) 9.827 30 40 32-40-68
1) Piscadera measuring data source: 1981 [IVIC'82]. 

 
The calculated SO2 values are in same order of magnitude as the measured values but are higher by about 
30%. The calculated PM10 values also are in the same order of magnitude as the measured values but are 
lower. Both deviations (SO2 higher and PM10 lower) are probably related to the conversion of gaseous SO2 
to particulate sulphates. Airborne particulate matter represents a complex mixture of organic and inorganic 
substances. The smaller particles contain the secondarily formed aerosols (gas to particle conversion), 
combustion particles and recondensed organic and metal vapours. The gas to particle conversion has been 
modelled for SO2 by the default equation used in the EPA dispersion model. It is possible that this model 
underestimates the conversion. The conversion can also be illustrated by the [IVIC'82] results: the farther 
away from the refinery, the more sulphates in the suspended particles (ranging from 14% of TSP at Wishi to 
22-32% at Blauw-Picadera whereas the natural background particles only contain 1.7% sulphates). This gas 
to particle conversion is not modelled in the PM10 dispersion calculations. It also may be possible that the 
TSP emissions are underestimated.  
 
Although the model calculations do not allow calculating the actual air pollution exactly, the model 
calculations offer a fair presentation of the ambient air quality. The model is well suited to compare different 
scenarios with the modelled emission sources.  
 

3.5.5 Contribution of different emission sources 

As illustrated in chapter 3.4 (emissions) several activities contribute to air pollution. An important question to 
answer is who contributes how much to the occurring air pollution. No straightforward answer is possible on 
this question as the contribution varies from location to location and depends on the pollutant. Three locations 
have been selected to provide an insight in the answer: 
- Cas Chikitu, the nearby downwind location, 
- Blauw, the remote downwind location, 
- Piscadera, a location downwind of the Rector Zwijssenstraat power station. 
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Two pollutants are selected: SO2 and PM10. The selected polluting activities are refinery, Dokweg power 
station, Rector Zwijssenstraat power station and local traffic. Furthermore the contribution of all other polluting 
activities is assumed to result in a so-called background concentration (natural background + contribution of 
all other polluting activities upwind of Schottegat). 
 
The contribution has been estimated by analysing the measuring data and by analysing the emission 
dispersion calculations. The contribution of local traffic is calculated separately (see annex D). 
 

Table 3.8 – Estimated contributions to air pollution. 

 Pollutant Cas Chikitu Blauw Piscadera1)

 SO2    
Refinery 87.3% 62.4% 54.5% 
Dokweg PowerStation  2.2% 2.9% 2.2% 
Zwijssenstraat PowerStation 0.1% 0.3% 5.7% 
Background  10.4% 34.5% 37.7% 

Total  192 μg/m3 58 μg/m3 53 μg/m3

 PM10    
Refinery  57.4% 15.6% 23.5% 
Dokweg PowerStation  3.7% 1.1% 1.0% 
Zwijssenstraat PowerStation   0.0% 0.0% 0.5% 
Background  38.9% 83.3% 75.0% 

Total  90 μg/m3 30 μg/m3 <40 μg/m3

1) Concentration data source: 1981 [IVIC'82]. 

 
The figures are illustrated in the following graphs. 
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Figure 3.8 – Contribution to air pollution per source. 
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3.5.6 Extent of the air pollution 

Calculated SO2 isopleths levels 
The contribution of the large combustion sources has been calculated and presented in the figure 3.9. 
Although the SO2 levels (compared to the natural background) are somewhat increased by traffic the large 
combustion sources account for practically the total SO2 concentrations in the area downwind of Schottegat 
(as demonstrated in the previous paragraph). It was therefore chosen to plot the isopleths of the Curaçao air 
quality standards: 
- annual mean of 80 µg/m3 
- maximum exceedance of 24 hours mean three times a year of 125 µg/m3 
- maximum exceedance of 24 hours mean once a year of 365 µg/m3. 
 
It is noted that the plotted isopleths represent the annual mean concentration and can be compared to the 
annual mean air quality standard. 
 
The plot clearly illustrates the contribution of the refinery and the power stations. As the Rector Zwijssenstraat 
power is situated in ‘the plume’ of the refinery, the contribution is less visualised than the contribution of the 
Dokweg power station.  
 
The high concentrations are a result of the altitude of these locations. The higher a location, the more the 
location is exposed to the plume as most flue gases are released at a height of 80-100 m.  
 
The following figure 3.10 illustrates the exceedance frequency of the maximum allowable exceedance SO2 
standard of 3 days - 125 μg/m3. The plot clearly illustrates that the allowable exceedance standard is 
exceeded in large parts of the downwind area and that the allowable exceedance frequency is well above the 
specified maximum of three days. 
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Calculated PM10 isopleths  
The contribution of the large combustion sources has been calculated. This contribution is additional to a 
‘background’ PM10 concentration caused by natural sources and traffic. The level can be roughly estimated 
at 35 µg/m3. Adding the calculated contribution to this ‘background’ concentration offers an impression of the 
total occurring PM10 concentrations downwind of Schottegat. It was therefore chosen to plot the isopleths of 
the Curaçao air quality standards minus the background figure resulting in : 
- annual mean of 40 μg/m3 corresponding with the Curaçao TSP standard of 75 μg/m3 (~60 μg/m3 PM10); 
- annual mean of 5 μg/m3 corresponding with the EU PM10 standard of 40 μg/m3. 
 
The plot clearly illustrates the contribution of the refinery and the power stations. As the Rector Zwijssenstraat 
power is situated in ‘the plume’ of the refinery, the contribution is less pronounced that the contribution of the 
Dokweg power station.  
 
The high concentrations are a result of the altitude of these locations. The higher a location, the more the 
location is exposed to the plume as most flue gases are released at a height of 80-100 m.  
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3.6 Impact 

The impact can be best described in quantitative terms of additional early deceases, additional illnesses, 
material damage and loss of biodiversity but it is rarely possible to establish all statistical correlations. It would 
require a very extensive and long-continued assessment. In this report the impact on human health is 
illustrated by: 
- counting the exposed numbers of houses/inhabitants 
- indicating the (long-term or chronic) changes in health effects using standard dose-response correlations. 
 
It should be noted that in addition to the health effects calculation there exist medical evidence demonstrating 
health complaints being related to the occasionally occurring high pollution levels, which occur at 
unfavourable meteorological conditions. Evidence of the impact of long-term exposure on health is less clear. 
For more information reading the medical report ‘Health complaints & air pollution from the Isla refinery in 
Curaçao’ [GGD’99] is recommended.  
The main conclusions [MD’00c] related to health effects are: 
• Detection: odour recognition, visible haze/mist 
• Discomfort: The population in the downwind surroundings experience discomfort on almost a daily basis 

(red eyes, minor lacrimation, respiratory discomfort, minor nausea, dry throat). 
• Disability: High pollution levels occur due to unfavourable meteorological conditions and/or process upsets 

at the refinery and cause disability (vomiting, dyspnea). 
 
Besides the acute effects there are chronic effects related to air pollution. The chronic effects are calculated 
for the exposed population by exceedance of the air quality standards. The exposed area has been 
calculated using the dispersion model for the health effect caused by the exceedance of the air quality 
standards. 
 
The impact on nature has not been examined, neither has the impact on buildings and infrastructure. 
Nevertheless it is obvious that there is damage to buildings and infrastructure due to corrosion, e.g. visible at 
the metal constructions along the roads and roofing of houses. 
 

3.6.1 Number of exposed houses and population 

The number of houses that are exposed to concentrations higher than the air quality standards have been 
counted. The total number of houses down-wind from Schottegat amounts to 3932. Assuming an average 
factor of 4.26 persons/house [MD’97a] the exposed population is estimated (total population down-wind 
Schottegat amounts to 16743). The results are presented in the table 3.9. 
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Table 3.9 - Population exposed to air pollution above the air quality standards and that perceive 
 the typical refinery odour. 

Pollutant Air quality standard Number of exposed 
houses 

Number of exposed 
persons 

SO2 80 µg/m3 1820 7770 
PM10 75 µg/m3 TSP* 1* 4* 
 40 µg/m3 PM10 1419 6047 
Perceptible odour - 2206 9398 
Unpleasant odour - 1693 7213 
* Exposed area for PM10 concentrations above 75 µg/m3 PM10, which results in an underestimation of the 
number of exposed houses and persons. 
 

3.6.2 Health effects 

The methodology  used is copied from the World Bank reference 'Estimating the health effects of air 
pollutants', a method with an application to Jakarta' of the World Bank policy research department of May 
1994. To estimate the health effect associated with changes in air pollution, three factors must be 
determined: the dose-response relationships, the susceptible populations, and the relevant change in air 
pollution. The dose-response relationships for the health effects estimation are copied from the World Bank 
reference; the susceptible population and the change in air pollution are calculated using the dispersion 
model (200x200m grid). 
 
The economic value associated with the change in air pollution is not estimated but could be added if an 
economic valuation of the health endpoints is available/made. 
 
Epidemiologic1 studies provide dose-response relationships between concentrations of ambient particulate 
matter and several adverse health outcomes, including premature mortality, respiratory hospital admission, 
emergency room visits, restricted activity days for adults, lower respiratory illness for children and asthma 
attacks. Indicated long-term effects of SO2 are incidence of respiratory symptoms and risks of mortality. 
Although the health outcomes are also associated with the co-pollutants particulate matter and ozone several 
studies appear to show an effect of SO2 alone. It is important to note that some SO2 is converted to 
sulphates/particulate matter. Therefore some of the benefits of reducing SO2 relate to the reduction in 
particulate matter. 
 

                                                        
1 E.g. From the London data of 14 winters the following general conclusions can be drawn: 1. there is a strong relationship between particulate 

concentrations and daily mortality, which holds for the entire data set and for the individual years (the later years exhibited almost an order of 

magnitude decrease in air pollution concentrations); 2. there is no indication of a 'no effects level' at the lower concentrations of air pollution 

experienced in London; 3. the association between air pollution and mortality cannot be 'explained away' by meteorological factors or by serial 

correlation in the data; and 4. regardless of the model specified, the quantitative implications of the studies are very similar. 
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The health benefits of achieving the air quality standards are presented in the following table. With respect to 
particulate matter two standards are presented, the existing TSP standard of 75 µg/m3 (annual mean value) 
and the PM10 standard under consideration (40 µg/m3 PM10 annual mean value). For some effects the 
morbidity applies to a specified part of the population (children, asthmatics). The part is indicated below the 
table. 
 

Table 3.10 - Health benefits by achieving the air quality standards for the population of 16,743 
 persons1) living downwind Schottegat. 

Pollutant Air quality 
standard 

Health effect  Occurrence/ year  

SO2 80 µg/m3 Premature mortality2) 3.7 persons 

  Cough in children 6.7 children  

  Chest discomfort in adults  7230 adults 

PM10 75 µg/m3 TSP Asthma attacks3) < 1 asthmatic 
 40 µg/m3 PM10  152 asthmatic 
 75 µg/m3 TSP Chronic bronchitis 4) < 1 persons 
 40 µg/m3 PM10  3.8 persons 
 75 µg/m3 TSP Emergency room visits 5) < 1 visits 
 40 µg/m3 PM10  14 visits 
 75 µg/m3 TSP Lower respiratory illness in children 6) < 1 children 
 40 µg/m3 PM10  98 children 
 75 µg/m3 TSP Restricted activity days 8) 12 days 
 40 µg/m3 PM10  3530 days  
1) 34% children, 66% adults; 7.6% asthmatic. 

2) Crude mortality rate estimated at 0.007/year. 

3) Exacerbation of asthma (based on studies in USA). 

4), 5) Based on a study in USA. 

6) Chronic cough, bronchitis and other respiratory illnesses in the population age 17 and below (based on a study in USA). 

7) Hospital admissions due to respiratory diseases (based on studies in Canada and USA). 

8) Restricted activity days include days spent in bed, days missing from work and other days when significantly restricted due to 

illness (based on a study in USA). 
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4 Future situation 

The scenario of the calculated future situation consists of:  
• Executed IRUP [Isla’96], 
• BOO in operation [Isla’96], 
• no extension of the Dokweg power plant [IUH’00], 
• no AVI (asphalt waste incineration) plant in operation [IUH’00], 
• Zwijssen gas turbines out of service [IUH’00]. 
 
As the scenario is placed in the near future (around 2005) no significant changes in traffic and other 
polluting sources have been taken into account. 
 

4.1 Driving forces 

The outlook of the driving forces is described in paragraph 3.1. In short, it is expected that: 
PdVSA continues investing in the Isla refinery which continues using the same type of heavy 
sulphurous crude oil. 
pressure will rise to develop the area downwind Schottegat, e.g. for urbanisation or for tourism 
developments.  

RdK and PdVSA are willing to invest more in environmental measures. 
 

4.2 Environmental policy 

The description of the initiatives of the Environmental service of Curaçao is followed by a short 
discussion of Isla's technical measures study.  
 
The Environmental service of Curaçao 
The Environmental service of Curaçao are preparing a new policy requiring the refinery to lower the 
pollution gradually as a delay of many years occur for the realisation of IRUP & BOO (the start-up of 
IRUP and BOO was originally scheduled for 1997). The Environmental Service has started negotiations 
to this end. Furthermore the Environmental service of Curaçao is considering to tighten the air quality 
standards up to a level comparable with the new standards in the USA and EU. 
 
With respect to the environmental licenses of the refinery and CUC/BOO the allowed emission limit will 
be lowered for the situation of an executed IRUP and BOO in operation. 
 



  

26929/334674  

  

  

page 62 of 84  

 

Environmental study downwind of Schottegat

 
 

 

 

 

 

 

 
 
 
 

Figure 4.1 - Historical SO2 emissions compared to the limit values and refinery intake. 

 
Unfortunately not enough data are available to present the trend in the ambient air quality. No 
consistent data set of a fixed location is available. 
 
Isla's technical measures study 
Combustion emissions 
It is obvious to RdK and PdVSA that the air pollution caused by the refinery does not meet the air 
quality standards as agreed upon in the environmental license (Attachment F), neither in the actual 
situation nor after completing IRUP. PdVSA's engineering company Intevep reviewed the possible 
technical measures to meet the air quality standards. No review document was presented to the 
Environmental Service at the time of this study but the outcome has been presented in a presentation. 
The Intevep review concluded that gasification of the refinery fuel is the preferred option in comparison 
to add-on flue gas treatment systems. The review stated that gasification at Isla is cheaper and it has 
clearly environmental benefits (less waste, lower emissions).  
 
The first impression of the Consultant on this outcome is that gasification combined with combined cycle 
gas- and steam turbines at Isla is a better solution than add-on flue gas treatment and could reduce 
emissions by an order of magnitude. As a few dozens of coal/fuel oil gasification units worldwide are in 
operation, gasification can be considered as a proven technology. The basic process as such is fairly 
simple. Nevertheless in practice it takes a relatively long time (1-2 years) before the gasification unit 
runs smoothly. Special attention must be paid to the specifications of all linked components (burners, 
refractory, gas turbines, sulphur recovery, …). Gasification opens up the possibility to recover several 
compounds, e.g. sulphur, hydrogen chloride, metals (e.g. nickel, vanadium). With respect to sulphur 
and hydrogen chloride it is noted that market prices have been rather low for the past years. With 
respect to metal recovery it should be defined whether the recovery will take place at the refinery 
premises or abroad (e.g. shipped to Venezuela).  
 
The choice for PdVSA is between ‘add-on’ systems or clean fuel systems in order to meet the 
environmental requirements. For gasification the following timetable could be considered: 
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• 

Second half of 2002: detail engineering  
2003: procurement, construction  
end of 2003: start-up. 

 
The presented time schedule does not consider any other major investment (e.g. a multi billion project 
like a Hycon or Flexicoker). The gasification unit is considered independently of such investment. 
 
Diffuse VOC emissions 
The IRUP programme includes the construction of a closed system for sour process water, other 
wastewater and storm water. These measures reduce the diffuse emissions to a great extent. It is 
noted that Isla announced in May 1999 [MD'00] to the Environmental Service that the implementation of 
the wastewater treatment plant is cancelled. As a consequence the VOC emissions from the waste 
water collection system will continue unabated.  
 
 

4.3 Activities 

4.3.1 Refinery (implemented IRUP) 

IRUP aims at increasing the refinery capacity improve product quality and environmental improvements 
[Isla’96]. The relevant modifications of IRUP with a clear environmental impact are: 
• Slops processing: A new unit for slops processing slop oil recovered from the oil catchers located 

throughout the refinery (capacity: 500t/d). 
• Asphalt burning system: a new asphalt burning system will replace the existing Asphalt Supply 

System, it will provide a more reliable and safe operation of the refinery fuel system (new capacity: 
2.500 t/sd, former capacity: 2.000 t/d). 

• Extension of the sulphur recovery units with new two sulphur units (new capacity: 335 t/d; former 
capacity: 225 t/d). 

• PP-treater revamp: The extension of the PP (Propane-Propylene) treater revamp is intended to 
ensure a proper disposal of the H2S to the sulphur recovery units (new capacity: 450 t/d; former 
capacity: 400 t/d). 

• Hydrotreating: a new light distillate hydrotreating unit for producing low sulphur gas oil and naphtha 
for both export and platformer feed (capacity: 1.300 t/d).  

• Sour water stripping unit to process almost all the refinery sour wastewater. The stripped water will 
be reused to the extent possible in the refinery (capacity: 5.500 t/d) and used in the soil bio-
remediation plant. 

• New wastewater treatment plant (equalisation/neutralisation and primary oil-water separation) for 
wastewater and storm water. 

 
It is noted that Isla announced in May 1999 [MD'00] to the Environmental Service that the 
implementation of the new wastewater treatment plant is cancelled. The existing wastewater treatment 
has been repaired and it is expected that the other measure will improve the quality of the discharged 
wastewater and that the discharge quality requirements will be met. This has not yet been checked. An 
overview of the relevant IRUP projects is presented in annex D. 
 

4.3.2 Power generation 

The CUC prepared an investment scheme for the next 20 years in 1999 and 2000 [IUH'00]. The 
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investment scheme takes the expected relevant socio-economic developments (population, tourism, 
income, economic growth and government policy) into account. Recent developments in the 
preparations of BOO changed the original scheme to the extent that BOO will deliver more electricity to 
the public grid and less to the refinery. As a direct consequence CUC does not foresee a change with 
respect to the power/drinking water production at the Rector Zwijssenstraat power plant (Mundo Nobo) 
nor at the Dokweg power plant by the year 2005. 
 
The BOO fuel will be delivered by the refinery and will mainly consist of asphalt. Environmental 
measures include a high stack (200 m) and low-NOx burners. 
 

4.3.3 Water polluting sources 

Refinery 
The wastewater sources have been identified and characterised by Badger in 1993 [Badger’93]. The 
main wastewater streams in the refinery consist of process water, sour water and cooling water. 
Furthermore wastewater is also generated by vessels (e.g. ballast water) and cleaning operations. The 
wastewater run-offs are mainly from the process units and the utility plant. The refinery wastewater 
contains different types of pollutants originating from the various processes. Types of water pollutants 
are hydrocarbons, oil and grease, ammonia, H2S and mercaptans (sulphur compounds), suspended 
and dissolved solids, acids and thermal pollution. Water can also become contaminated with dissolved 
gases in the process; compounds that could be toxic and/ or could give to water an unpleasant smell. 
 
Wastewater is treated to improve the quality of the effluent before discharge into the Bay. Process 
water, cooling water and storm water are collected in the channels, treated and discharged after 
contaminants have been substantially reduced. The treatment steps are equalisation/neutralisation 
followed by primary oil/water separation (IRUP). It is noted that Isla announced in May 1999 [MD'00] to 
the Environmental Service that the implementation of the wastewater treatment plant is cancelled. 
 
The sour wastewater is treated by a new sour water stripping unit (IRUP). The stripped water is reused 
to the extent possible in the refinery; the remaining part is used in the soil bio-remediation plant. 
(Scaltech). Furthermore with this plant in operation, it is expected that the performance of the oil 
catchers will increase up to the original performance as the sediments are dredged.  
 
The cooling system consists of a once-through seawater cooling system. As the cooling water takes up 
heat the discharge temperature is higher than the temperature of the Schottegat Bay and hence 
encompasses thermal pressure on the Bay. 
 
Power stations 
Like the refinery discharge the cooling water of the power stations also includes thermal pressure on 
the coast water (Rector Zwijssenstraat power station) and the Schottegat Bay (Dokweg and BOO). 
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4.4 Pressure (emissions) 

4.4.1 Atmospheric emissions 

The emissions have been calculated in a similar way as for the actual situation. Details of the emission 
calculations are given in annex D. The atmospheric emissions are totalled per source category in  the 
following table. 
 

Table 4.1 - Emissions per source category for the future and actual scenarios (kton/a). 

Source category SO2 TSP 
 actual future actual future 
Refinery (process units) 47.3 32.9 2.03 1.65 
Refinery power generation (refinery utilities) 19.0 9.55 1.26 0.209 
Power generation (BOO and Zwijsenstraat & 
Dokweg power plants) 

11.4 33.3 0.447 1.10 

77.8 75.7 3.73 2.96 
 
The SO2 emissions are about the same level; the PM10 emissions are lower in the future scenario. 
It should be noted that the figures of the actual scenario apply to the actual emissions and not to the 
granted emissions. The actual emissions are lower than the granted emissions. The emissions of the 
future scenario are the granted emissions. In the future situation the emissions may therefore be lower 
than presented above.  
 
Diffuse emissions and odour 
No significant changes in diffuse emissions are to be expected in case the process water streams are 
not separated from the cooling water in a closed system. In case the process water streams are 
separated from the cooling water and connected in a closed system to a covered wastewater treatment 
plant (as defined in IRUP according to the license application) a major reduction on diffuse VOC 
emissions could be achieved (up to 45 kton/year). It is noted that Isla announced in May 1999 [MD'00] 
to the Environmental Service that the implementation of the wastewater treatment plant is cancelled. 
Hence the required details on the design for calculating the emission reduction are not available.  
 
The installation and operation of the sour water stripper will reduce considerably the odour emission of 
the sour water discharge but the overall impact on odour hinder is not known and can not be estimated. 
 

4.4.2 Waste water 

It is obvious that after implementation of IRUP the contamination load caused by the wastewater 
discharge will be less. The reduction has not been quantified in the license application. As it is not 
within the scope of this project to quantify the wastewater load no figures on reduction are presented. 
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4.5 State of the environment 

4.5.1 Ambient air quality 

The estimated emissions of the future scenario formed the input for the dispersion calculations. The 
results are compared with the actual scenario for the down-wind measuring locations and for Piscadera 
in the following table. 
 

Table 4.2 - Comparison of the calculated contribution of the large point sources to the 
 concentration at the downwind measuring stations (mean value, µg/m3). 

Pollutant Location  Actual Future Difference 
SO2   

 Cas Chikitu 238 188 -21%
 Blauw 67 55 -18%
 Piscadera 75 63 -16%

PM10   
 Cas Chikitu 15 8.0 -47%
 Blauw 5.9 3.5 -41%
 Piscadera 9.8 5.4 -45%

 
The improvement in air quality is caused by the lower emissions and the higher stacks. 
 

4.5.2 Extent of the air pollution 

Calculated SO2 isopleths 
The calculated ambient SO2 concentrations are presented in the following figure. It is noted that the 
exposed area is smaller than in the actual situation, notwithstanding similar SO2 emissions. The effect 
is caused by the higher stacks in the future situation.  
This can be illustrated by comparing to a scenario with a stack of 100m (see figure 4.3) instead of the 
envisage 200m (see figure 4.2). 
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Calculated PM10 isopleths 
The contribution of the large combustion sources has been calculated. This contribution is additional to 
a ‘background’ PM10 concentration caused by natural sources and traffic. The level can be roughly 
estimated at 35 µg/m3 nearby Schottegat. Adding the calculated contribution to this ‘background’ 
concentration offers an impression of the total occurring PM10 concentrations downwind of Schottegat 
(figure 4.4). 
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4.6 Impact  

The results with respect to the exposed population are presented in the following table. 
 

Table 4.3 - Population exposed to air pollution above the air quality standards and that perceive 
 the typical refinery odour. 

Pollutant Air quality standard Number of exposed 
actual scenario 

persons 
future scenario 

SO2 80 µg/m3 7770 7230 
PM10 75 µg/m3 TSP 4 0 
 40 µg/m3 PM10 6047 2932 
 
 
The health benefits of achieving the air quality standards are presented in the following table. With 
respect to particulate matter two standards are presented, the existing TSP standard of 75 µg/m3 
(annual mean value) and the PM10 standard under consideration (40 µg/m3 PM10 annual mean value). 
For some effects the morbidity applies to a specified part of the population (children, asthmatics). The 
part is indicated below the table.  
 

Table 4.4 - Health benefits by achieving the air quality standards for the population of 16,743 
 persons1) living downwind Schottegat. 

Pollutant Air quality 
standard 

Health effect  Occurrence 
actual  

/year 
future scenario 

SO2 80 µg/m3 Premature mortality2) 3.7 3.0 persons 

  Cough in children 6.7 5.4 children  

  Chest discomfort in adults  7230 5790 adults 

PM10 75 µg/m3 TSP Asthma attacks 3) < 1 < 1 asthmatic 
 40 µg/m3 PM10  152 51 asthmatic 
 75 µg/m3 TSP Chronic bronchitis 4) < 1 < 1persons 
 40 µg/m3 PM10  3.8 1.3 persons 
 75 µg/m3 TSP Emergency room visits 5) < 1 <1 visits 
 40 µg/m3 PM10  14 4.8 visits 
 75 µg/m3 TSP Lower respiratory illness in children6) < 1 < 1 children 
 40 µg/m3 PM10  98 33 children 
 75 µg/m3 TSP Restricted activity days8) 12 < 1 days 
 40 µg/m3 PM10  3530 1180 days  
1) 34% children, 66% adults; 7.6% asthmatic. 

2) Crude mortality rate estimated at 0.007/year. 

3) Exacerbation of asthma (based on studies in USA). 

4), 5) Based on a study in USA. 

6) Chronic cough, bronchitis and other respiratory illnesses in the population age 17 and below (based on a study in USA). 

7) Hospital admissions due to respiratory diseases (based on studies in Canada and USA). 

8) Restricted activity days include days spent in bed, days missing from work and other days when significantly restricted 

due to illness (based on a study in USA). 
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5 Conclusion and recommendations 

5.1 Conclusions 

Actual situation 
The assessment of the actual situation with respect to air quality leads to the following conclusions: 
1. Sulphur dioxide: The Curaçao air quality standards for SO2 levels are exceeded in large parts of 

the area downwind Schottegat, both the long term standard and the short-term standard. It is 
estimated that about 7800 persons are exposed to SO2 pollution exceeding the long term standard 
(annual mean value). Nearby the refinery and at elevated locations, the refinery emissions account 
for about 90% of the ambient SO2 level. 

2. Particulate matter: The Curaçao annual mean air quality standard for particulate matter is 
exceeded in part of the area downwind Schottegat. Nearby the refinery and at elevated locations, 
the refinery emissions account for about 60% of the ambient PM10 level. 

3. Odour: A typical refinery odour can be identified in the large parts of the area downwind 
Schottegat. It is estimated that about 9400 persons perceive the typical 'refinery' odour, which is 
perceived as unpleasant by about 6000 persons. 

4. Other pollutants: Pollution of the ambient air downwind of the Schottegat Bay caused by the large 
combustion sources, refinery processes (other than combustion) and traffic has been 
demonstrated for a selection of aromatic hydrocarbons, heavy metals and PAH. The measured 
levels are below selected air quality standards. 

5. Health effects: The medical assessment [GGD'99] concluded that serious acute health effects 
occur related to air pollution during unfavourable meteorological conditions and large scale refinery 
up-sets; the assessment also indicates the occurrence of chronic health effect caused by air 
pollution but does not quantify this effect. In the present study the chronic effects have been 
estimated quantitatively, which leads to the conclusion that chronic effects exist ranging from 
premature mortality to chest discomfort caused by not complying with the existing air quality 
standards. 

 
Future situation 
The assessment of the future situation (B.O.O. in operation and IRUP executed) with respect to air 
quality leads to the following conclusions: 
1. Compared to the actual situation, the future air quality will improve but not comply with the Curaçao 

air quality standards. It is estimated that the number of persons who are exposed to SO2 pollution 
exceeding the long-term standard (annual mean value) will decrease from about 7800 to about 
7200. 

2. The identified chronic effects caused by not complying with the existing air quality standards will 
continue to exist in the future situation. 

 
Lack of data 
Due to lack of data or limited data no conclusions can be drawn on: 
• the actual damage expressed in monetary units (as a consequence of negative health effect, 

material damage and loss of biodiversity). 
• short-term levels of other compounds than SO2 (allowable exceedance). 
• odour hinder in the future situation. 
 
Limited data on particulate matter exist. These data do not indicate an exceedance of the short-term air 
quality standard but neither is demonstrated that exceedance is unlikely. 
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• 
• 
• 
• 
• 
• 

 
5.2 Recommendations 

Considering that the driving forces in the study area point towards increasing production and pollution 
in the future, while the already high pressure and the impact will decline only marginally or even 
increase when the production for the local market increases further, which will cause further 
deterioration of the state of the environment in the area.  
 
Considering further that government and industry demonstrate their environmental awareness, as 
written in their environmental policies and indicate disposition to take the necessary measures; 
 
Hence it is recommended that government and industry negotiate and draft a new agreement, similar to 
the previous agreement for (the environmental measures in) IRUP, to work out a timetable to construct 
the necessary facilities to counteract the effects and consequences of the driving forces.  
 
For gasification the following timetable could be considered: 

2001: feasibility study and definition study 
January 2002: final investment decision 
First half of 2002: basic design 
Second half of 2002: detail engineering  
2003: procurement, construction  
end of 2003: start-up. 

 
The presented time schedule does not consider any other major investment (e.g. a multi billion project 
like a Hycon or Flexicoker). The gasification unit is considered independently of such investment. 
 
In order to comply with and to check the Curaçao air quality standards the following measures are 
recommended. 
 
Emissions 
1. Reduce the SO2 and particulate matter emissions of the large combustion plants (refinery and 

power generation on the refinery premises); the Intevep report provides a sound basis for selecting 
the most appropriate measures.  

2. Set targets and mutually agreed dates for achieving the reductions.  
3. Investigate the possible responses to serious acute health effects as a consequence of 

unfavourable meteorological conditions. 
4. The Badger study provides a sound basis to reduce VOC emissions and related odour emissions. 

In addition a Leak Detection And Repair Programme (LDAR) as defined in US-EPA guideline 21 
[EPA’95] is recommended. The focus of a LDAR is on maintenance and would not require 
investments in process equipment. 
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Air quality measuring 
5. In order to verify compliance of the ambient air quality standards, continuous measuring at a fixed 

location of at least SO2 and particulate matter is recommended. Cas Chikitu would be a suitable 
location, enabling to take advantage of the available historical data. 

 
Environmental policy 
6. The Curaçao air quality standard for particulate matter is about twice the modern western 

standards. It is recommended to reconsider the existing standard in order to protect human health. 
The stricter standards could e.g. serve as a goal to be achieved within 5-10 years. 

7. It is recommended to work out an action plan and time schedule for implementation of the delayed 
IRUP and additional measures in order to comply with the air quality standards.  

8. It is recommended to monitor the environmental developments and to cover at least the pressures, 
state of the environment and response measures in a systematic way on a yearly basis. Important 
issues are a trend analysis, quantified goals and an evaluation of the response measures. 

9. It is suggested to monitor typical health effects related to air pollution, i.e. inflammation of the 
respiratory tract. 

10. It is suggested to identify the bottlenecks in enforcing the environmental regulations and to develop 
a strategy to deal with the identified bottlenecks. 
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Glossary   

 
Organisations  
API American Petroleum Institute. 
BAT Best Available Techniques. 
BOO Build-Own-Operate (Envisaged power plant) 
CONCAWE European Oil companies organisation for environment, health and safety. 
CUC Curaçao Utility Company 
EPA US Environmental Protection Agency. 
US-EPA US Environmental Protection Agency. 
VROM The Netherlands’ Ministry of Housing, Spatial planning and the Environment. 
WHO World Health Organisation 
 
Chemical compounds 

 

As Arsine. 
B(a)P benzo-a-pyrene (commonly used PAH indicator). 
Be Beryllium. 
BTEX Benzene, toluene, ethylbenzene and xylene  

(indicator of aromatic hydrocarbons). 
Cd Cadmium. 
CO Carbon monoxide. 
Cr Chrome. 
Cu Copper. 
F- Fluoride. 
Fe Iron. 
H2S Hydrogen sulphide. 
HC Hydrocarbons (organic compounds). 
Mn Mangane. 
Ni Nickel. 
NMVOC Non-Methane VOC. 
NO3

- Nitrate. 
NOx Nitrogen oxides (e.g. NO2, NO). 
O3 Ozone. 
PAH Polynuclear aromatic hydrocarbons.  
PAH (EPA) PAH definition used by US-EPA covering 16 compounds (PAH (VROM) + 

acenaftylene, acenafteen, fluorene, pyrene, benzo(a)anthracene, 
dibenz(a,h)anthracene). 

PAH (VROM) PAH definition used by the Netherlands’ Ministry of Environment (VROM) 
covering 10 compounds (naftalene, fenanthrene, anthracene, fluoranthene, 
chrysene, benzo(a)anthracene, benzo(a)pyrene, benzo(k)fluoranthene, 
benzo(g,h,i)perylene, indeno(1,2,3-c,d)pyrene). 

Pb Lead. 
PM Particulate Matter. 
PM10, PM2.5 Particulate Matter < 10 μm respectively < 2.5 μm. 
Sb Antimony. 
Se Selenium. 
SO2 Sulphur dioxide. 
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SO4

-3

 
Sulphate. 

Th Thallium. 
TSP Total suspended particulate matter (all particulate matter). 
V Vanadium. 
VOC Volatile Organic Compounds. 
Zn Zinc. 
  
Abbreviations  
Cur Curaçao 
EU European Union 
NL the Netherlands 
LDAR Leak detection and repair. 
ppmv  unit of parts per million by volume. 
STEL Short Term Exposure Limits (of NIOSH). 
TWA Time weighted Average limit (of NIOSH). 
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