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Abstract 
Small Island Developing States (SIDS) are the most vulnerable territories to marine litter and 
plastic waste pollution. The magnitude of the issue and ways of action can only be known if 
the material flows and their origins are correctly estimated. Unfortunately, small territories 
are often left outside the global ecological footprint databases and models. The present 
research aims at quantifying the plastic footprint of Seychelles through a standard 
Environmentally-Extended Input-Output Analysis (EEIOA) and multi-regional input-output 
(MRIO) approach combining international and domestic data in the south-west Indian Ocean 
region. The results of several model specifications and industrial classifications are compared 
to the literature findings and show that SIDS may display the same level of plastic use and 
waste per capita as high-income countries, without the same infrastructure of waste 
treatment. A few services and exporting sectors concentrate the bulk of the territorial quantity 
of plastics used throughout the economy. The multi-regional Indian Ocean context helps to 
foresee potential joint actions in order to reduce the plastic footprint of SIDS. 
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1) Introduction 
Small Island Developing States (SIDS) are vulnerable to the negative effects of plastic pollution 
due to their limited land and water resources, as well as their reliance on tourism as a source 
of income (Pratt 2015, Verlis and Wilson 2020). The plastic footprint of these states has 
become an important issue in the realm of environmental sustainability. Studies have shown 
that SIDS are disproportionately impacted by plastic pollution, with plastic waste often ending 
up in their marine and coastal environments, threatening their biodiversity and impacting 
their tourism industry (Owens et al. 2011, Lachmann et al. 2017). Research has found that the 
main sources of plastic waste in SIDS are domestic waste and tourism activities, littering and 
improper waste management practices (Duhec et al. 2015, Monsanto et al. 2022). 

Nearly 400 Mt of plastics are produced in the word annually (Plastics Europe 2022). After 
several years of use, plastic waste represents 60% of this yearly output and the quantity is 
expected to almost triple by 2060 (OECD 2022). Because of waste mismanagement, losses to 
the environment were estimated 9.2 Mt (Ryberg et al. 2019), with an accumulation of 139 Mt 
in aquatic environments (OECD 2022). Long-term projections do not foresee any “peak waste” 
before the end of the 21st century, and the stock of marine litter issue will keep on growing 
with human population, urbanization, and consumption per capita (Jambeck et al. 2015). 
Consequently, there is no other choice than “closing the tap” (Baeta Humanes 2021), as long 
as the industrial sources of plastic consumption and waste are clearly identified with regard 
to the domestic or foreign origin of plastic materials embodied in production and international 
trade (Duchin et al. 2009). 

Life-Cycle Analysis (LCA), Material Flow Analysis (MFA) and Environmentally-Extended Input-
Output analysis (EEIOA) represent useful approaches to estimate plastic footprints of 
countries, but are rarely developed by SIDS because of a data-deficiency context. In particular, 
the plastic use intensity (PUI) and waste by monetary unit of output remain unknown and 
most estimates take place at the landfill or end-use stage (Lai et al. 2016, Meylan et al. 2018). 
This is why the current research proposes to transfer the international plastic use rates by 
industry to the industrial classification used commonly by some island territories pertaining 
to the Indian Ocean Commission (IOC) alliance (Seychelles, Madagascar, Mauritius, Comoros, 
Réunion). On the basis of European data, PUI and waste rates are defined by industry, re-
scaled and converted into the local industrial classification and currency, assuming similar 
production technologies by type of output. 

EEIOA and physical models are developed to distinguish the consumption-based footprint of 
Seychelles from the production-based territorial use directed to exports and identify the 
plastic content of imports for intermediate and final uses. Various industrial classifications and 
methods (industry-by-industry vs product-by-product data, full input-output table vs separate 
domestic and import tables, single country EEIOA vs multi-regional models at the IOC level) 
are compared to help selecting the most suitable approaches and provide more accurate 
estimations of SIDS plastic footprint in a data-poor context. Plastic wastes are also considered 
and compared to what we know about the solid waste management in these island territories. 
Some policy recommendations follow the discussion of results to support the efforts already 
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engaged by SIDS to eliminate single-use plastics and reduce uses and discards of plastic 
materials. 

The following section reviews the literature about the conventional methods in use to 
estimate plastic footprints. Section 3 develops several types of EEIOA and MFA models. 
Section 4 introduces the key data sources to define PUI coefficients by output. The fifth section 
compares various estimations of the plastic footprint of Seychelles with regard to the 
aggregation level of industrial classifications and the type of model. Finally a last section 
discusses the results to characterize the use and waste of plastics in Seychelles relatively to 
comparable countries in terms of income. Some key sectors which are particularly responsible 
for the territorial use of plastics are emphasized to help effective policies “closing the right 
tap” of plastic flows. 

 

2) Literature review 
Studies about plastic footprints are divided between resource-based and emission-based 
footprint assessments, consumption-based vs production based territorial use, bottom-up vs 
top-down, or between LCA and EEIOA approaches (Boucher et al. 2019). From a large number 
of published articles, Chen et al. (2020) suggested to classify them into four categories: MFA, 
emissions and pollution papers, LCA, and studies of public attitude, human behaviour and 
policymaking. All of them are complementary and respond to different needs. For instance, 
LCA is more adapted to the production process all along the life of a good in order to consider 
input requirements in terms of materials, energy, water, CO2 emissions, etc., but it fails to 
consider the plastic itself as a contaminant (Boucher et al. 2019). EEIOA is more looking at 
environmental impacts along the supply chain throughout trade, overlooking the entire life 
cycle of a product or service (Miller and Blair 2009). The former is more linked with materiality 
and the latter with circularity, but synergies and cross fertilization must be found to improve 
the metrics of environmental footprint, thus reducing the impacts and increasing circularity 
(Boucher et al. 2019). 

The term footprint refers to “metrics that capture the direct effects of an activity as well as 
the indirect effects that are transferred along a supply chain” (Marques et al. 2019). When 
this concept is applied to environment, it aims at measuring all emission pollutants, resource 
inputs, energy or water, whether direct or indirect, associated with the consumption or the 
production of a good or service (Brunner and Rechberger 2017). Material flow analysis (MFA) 
attempts to capture physical flows while reconciling materiality and circularity concepts, 
borrowing to both LCA and EE-IOA approaches to establish a mass balance of traded goods 
(Nakamura and Kondo 2009, Geyer et al. 2017, Kawecki et al. 2018, Chen et al. 2020, Hsu et 
al. 2021). 

Such approaches (LCA, EEIOA, MFA) are nonetheless highly data consuming and rely on sector-
consistent databases. Publicly available databases are gradually improving to encompass all 
physical inputs and outputs of the plastic supply chain. Material flows are connected to trade 
flows between industries and countries within hybrid frameworks mixing up physical (tonnes) 
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and monetary units (Brunner and Rechberger 2017, Merciai and Schmidt 2018, Towa et al. 
2020). Environmental satellite accounts have been developed to allow for either waste (WIO), 
physical (PIO), and hybrid (HIO) input-output models, particularly in Europe (e.g. Exiobase 
project1). The latest version of the latter (Exiobase 3) is able to provide detailed information 
for multi-regional hybrid input-output (MRHIO) tables encompassing 164 product categories 
across 43 countries (Merciai and Schmidt 2018, Stadler et al. 2018). This explains the success 
of EEIOA methods relying on a thorough theoretical framework pioneered by Wassili Leontief 
more than fifty years ago (Leontief 1970). However, the footprint estimations by EEIOA, PIO 
and MRHIO concern mainly the carbon and waste emissions of plastics, and more rarely the 
plastic materials flowing throughout trade and economies down to the marine environment 
(Duchin et al. 2009, Linder et al. 2017, Aguilar-Hernandez et al. 2018, Boucher et al. 2020, 
Jander et al. 2021, Cabernard et al. 2022). Out of 78 publications reviewed about IO models 
applied to waste management between 1990 and 2018, only a minority (less than 10%) refers 
to PIO and HIO models (Towa et al. 2020), although such models are the most relevant to 
circularity policies (Aguilar-Hernandez et al. 2018). 

Another problem lies in the lack of available information regarding material flows and solid 
waste data in SIDS. Small island territories are unfortunately left outside most data collection 
efforts and merged into a “rest of world” category, making difficult the assessment of their 
own footprint (Guillotreau and Bistoquet 2022). Such territories are nonetheless the most 
impacted by plastic pollution because they are surrounded by marine plastic litter and do not 
have the capacity to handle the fast growing amount of waste associated with plastic uses 
(Lachmann et al. 2017, Meylan et al. 2018, Verlis and Wilson 2020). The key economic sectors 
of SIDS are usually primary sectors (including fishing) and tourism (incl. hotel construction, 
food and accommodation services), which may result in a heavy use and discard of plastics 
(Issifu and Sumaila 2020, Barrowclough and Vivas-Eugui 2021). 

New approaches have to be created to fill this gap and extend the conventional LCA, MFA and 
EEIOA models to estimate the plastic footprint of small territories and identify the industries 
and end uses responsible for plastic generation along the whole supply chains, whether 
located inside or outside the country. Such an assessment would allow to implement 
appropriate abatement policies and promote a more circular economy. This is why this 
research suggests a way of combining available international data in terms of plastic use 
intensity by industry and input-output tables developed at the most relevant level in a small 
country like Seychelles, and in connection with trade partners. Several models using different 
levels of aggregation, industry-by industry vs product-by-product tables, single-country HIO 
and PIO models, and an original MRHIO framework at the Indian Ocean country level, are 
compared to propose a broad range of possible values of consumption-based plastic footprint 
and production-based territorial use. We hypothesize that the Seychelles footprint per capita 
is in line with levels reported in high-income countries, that export-directed industries play a 
major role in plastic territorial use and waste, and also that this footprint is concentrated in a 
few industries but not necessarily re-allocated away from primary and secondary sectors 
(Baeta-Humanes 2021). 

                                                           
1 https://www.exiobase.eu/  
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3) Method 
3.1. An environmentally-extended input-output analysis (EEIOA) framework 

In any Environmentally-Extended Input-Output analysis (EEIOA), the indirect plastic uses 
resulting from the inter-industry linkages along the supply chains are considered in addition 
to the direct utilization by each industry and end user (households, government, firms and 
rest of the world). A symmetric input-output table is therefore needed to calculate the input 
coefficients and the impact multipliers through the classical Leontief model: 

𝑋 = (𝐼 − 𝐴)ିଵ. 𝐹  (1) 

Where 𝑋 is a column-vector of outputs for all industries, 𝐴 is the matrix of technical (or input) 
coefficients (the industry’s requirements in every input to produce one unit of output in 
monetary terms), 𝐼 is the identity matrix and 𝐹 is a column vector of final uses (internal and 
external, see below). 

The impact factors are expressed as intensity rates in physical terms (e.g. tonnes of plastic) 
per monetary unit of output 𝑧௝ = 𝑍௝ 𝑋௝⁄ , where 𝑍௝ denotes the industry j’s plastic consumption 
and 𝑧௝ the intensity (or direct impact) coefficient, i.e. the amount of plastic materials per unit 
of industry j’s output value2. The industry j’s plastic utilization is therefore 𝑍௝ = 𝑧௝𝑋௝. Now 
substituting 𝑋௝ by its value in (1) gives the quantity of plastics directly and indirectly resulting 
from the demand level: 

𝑍 = 𝑧(𝐼 − 𝐴)ିଵ𝐹   (2) 

The interpretation is easy: any change by one unit of final demand for commodity j in vector 
F will result in a 𝑧 (𝐼 − 𝐴)ିଵ shift of direct (the industry itself and its first suppliers) and indirect 
plastic uses (the suppliers’ suppliers in a chain of cascading effects). What matters now is to 
separate the plastic use resulting from the sole domestic production from those embodied in 
inputs imported by the industries and in imports of final goods and services by end users. To 
do so, we followed the OECD stepwise method used to calculate the environmental footprint 
(Pasquier 2018, Wiebe and Yamano 2016). Let’s try first to measure the domestic emissions 

𝑍௝
ௗ = 𝑧ఫ

ௗ෢ (𝐼 − 𝐴ௗ)ିଵ𝐹ௗ෢   (3) 

The capital letters denote the column-vectors, the hat symbol stands for an operator 
transforming a column-vector into a diagonal square matrix, the superscript d means 
domestic. 

Most of the time, symmetric industry-by-industry IO tables are used to estimate footprints, 
with a weak assumption on the structure of inputs, i.e. based on the sales structure of 
secondary products. This is why some authors suggest to start the EEIOA model by a non-
symmetric Supply-Use Table, where a V rectangle matrix represents the commodities supplied 

                                                           
2 Note that we can use other impact factors in the case of plastics, such as 𝑤௝ = 𝑊௝ 𝑋௝⁄ , where 𝑊௝  is the industry 
j’s plastic waste and 𝑤௝  the plastic waste per unit of output. 
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by all industries in rows, and U the matrix of intermediate consumption of commodities used 
as inputs by each industry in columns (Jander 2021). Let note 𝐵 the technology matrix (𝐵 =
𝑈

𝑥′ൗ ), where 𝑥′ is the transpose vector of domestic industrial outputs, and 𝐷 the market share 

matrix (𝐷 = 𝑉
𝑞′ൗ ), where 𝑞ᇱ is the transpose vector of commodity supply at market prices, 

including both domestic and import products. Equation (3) now writes as: 

𝑍௝
ௗ = 𝑧ఫ

ௗ෢ (𝐼 − 𝐵𝐷)ିଵ𝐹ௗ෢   (3’) 

Where the order of the new Leontief square matrix (𝐼 − 𝐵𝐷)ିଵ in Eq. (3’), based on a product-
by-product table, is greater than that of 𝐴 in Eq. (3). For the simplicity of the presentation, we 
shall keep the former script 𝐴 in the following equations, even though we refer to the BD 
(product-by-product) matrix at the most disaggregated level of industries. 

The import vector of the country must be split into the matrix of imported inputs (𝐴௠) used 
by the domestic industries and the vector of imported commodities and services for final uses 
(𝐹௠): 

𝑀 = 𝐴௠𝑋 + 𝐹௠   (4) 

Substituting 𝑋 by its value in (1), we obtain: 

𝑀 = 𝐴௠(𝐼 − 𝐴ௗ)ିଵ𝐹ௗ + 𝐹௠   (5) 

The plastic use embodied in imports from a country c will depend both on the market share 
of this exporting country in the local demand, on its own PUI coefficients by industry, but also 
on the technology (combination of inputs) used to produce a commodity. For instance, 
producing manufactured goods through bio-based or plastic-based inputs will not result in the 
same quantity of fossil-fuel plastic materials (Jander 2021). Consequently, the plastic used 
embodied in imports can be written: 

𝑍௠,௖ = 𝑧௖෢ (𝐼 − 𝐴௖)ିଵ𝑀෡   (6) 

We can replace M in Eq. (6) by its value in (5): 

𝑍௠,௖ = 𝑧௖෢(𝐼 − 𝐴௖)ିଵ[𝐴௠(𝐼 − 𝐴ௗ)ିଵ𝐹ௗ෢ + 𝐹௠෢ ]  (7) 

By doing so, we can isolate the plastic materials embodied in imports of intermediate inputs 
by the domestic industries 𝑍ூ஼

௠,௖ = 𝑧௖෢ (𝐼 − 𝐴௖)ିଵ [𝐴௠(𝐼 − 𝐴ௗ)ିଵ𝐹ௗ෢], and the plastic 
embodied in imports of commodities for final uses, 𝑍ி

௠,௖ = 𝑧௖෢ (𝐼 − 𝐴௖)ିଵ 𝐹௠෢  

Assuming a certain stability of input coefficients throughout time, both for domestic or 
imported input requirements of industries, we can estimate the current level of plastic use for 
the year of reference, but also calculate the percent change of plastic after an economic shock 
by substituting ൫𝛥𝐹ௗ෢ + 𝛥𝐹௠෣൯ for (𝐹ௗ෢ + 𝐹௠)෢ . 

In addition of Eq. (3) measuring domestic emissions, Eq. (7) represents the import content of 
the consumption-based plastic footprint, i.e. including the domestic demand in 𝐹ௗ෢  but 
excluding the foreign demand (exports) of domestically-produced goods and services. It can 
be distinguished from a territorial use inventory of production-based plastics, where the 
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column-vector of exports will be re-integrated into 𝐹ௗ෢  but where 𝐹௠෢  will not be considered 
in Eq. (7). 

 
3.2. Mapping the physical flows of plastics in the domestic economy 

In Eq. (3) and (6), we used a mixed framework of environmental and economic linkages but it 
remains possible to look at the mere physical flows of plastics (in tonnes) by substituting the 
plastic equivalent of all monetary flows included in the IOT, whether they concern 
intermediate or final uses. 

If we consider the quantity of plastics 𝜔௜
ௗ required to produce good i as the sum of plastic 

requirements for intermediate (𝜔௜௝) and final plastic uses (𝜔௜
௒), then we can define the 

technical (and physical) coefficients of plastic contents (𝑞௜௝ = 𝜔௜௝ 𝜔௜
ௗ⁄ ) which represent the 

share of plastics used to produce each intermediate consumption of products i in the total use 
of plastics by industry j. We can use these ratios in the following equations: 

∑ 𝑞௜௝ × 𝜔௝
ௗ

௝ + 𝜔௜
௒ = 𝜔௜

ௗ (8a) 

And in the matrix form: 

𝑄Ω஽ + Ω௒ = Ω஽ (8b) 

Where Q is the matrix of technical (physical) coefficients, Ω௒ is the column-vector of plastics 
for final uses and Ω஽ is the column-vector of total plastic uses. We can therefore simplify: 

(𝐼 − 𝑄)ିଵΩ௒ = Ω஽ (9) 

This last formula indicates the tonnage of plastics used by the whole territorial economy as a 
function of plastic tonnage used to meet the final demand3. Note that the latter could be well 
split into several components, like a domestic and foreign final use of plastics (Ω஽ = Ω஽ைெ +

Ωா௑) or by institutions (households, firms, government, exports). This Physical Input-Output 
(PIO) model helps to identify the sources and sinks of plastic uses, the material flows between 
industries, and those between industries and institutional agents. It can be represented 
through a Sankey (flow diagram) of plastics in circulation, either at the territorial level or in a 
multi-regional framework (Peters et al 2011, Towa et al. 2020). 

 

3.3. Towards a Multi-Regional IO approach in the Indian Ocean 

Although foreign trade data in Seychelles are poorly detailed by commodity, origin and 
destination, it remains possible to use a simple MRIO model such as the one introduced by 
Miller and Blair (2009, p. 264), where more than one country would be considered: 

                                                           
3 Note that the plastic footprints are equivalent in the formulas: 𝑧̂(𝐼 − 𝐴)ିଵ𝐹ௗ෢ = (𝐼 − 𝑄)ିଵ𝑧̂𝐹ௗ෢ =
(𝐼 − 𝑄)ିଵΩ௒, [Cf. Eq. (3) and (9)]. The first two sides of the equality combine physical and economic elements, 
while the last model relies only on physical materials. 
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𝑍 = 𝑧̂(𝐼 − 𝐶𝐴)ିଵ𝐶𝐹෠ (10) 

Where 𝑍 represents the matrix of plastic materials by origin (N industries x K countries) 
resulting from the diagonal vector of final demand (𝐹෠), wherever the goods are produced, 𝑧̂ 
denotes a diagonal vector of PUI per output unit in the domestic and trade partner countries, 
the two matrices 𝐴 and 𝐶 are, respectively: 

𝐴 = ൥
𝐴௥ ⋯ 0
⋮ ⋱ ⋮
0 ⋯ 𝐴௦

൩  𝐶 = ൥
𝑐௥௥෢ ⋯ 𝑐௥௦෢

⋮ ⋱ ⋮
𝑐௦௥෢ ⋯ 𝑐௦௦෢

൩ (11) 

A is a block diagonal matrix whose submatrices represent regional technology structures 
(technical coefficient matrices). Matrix C represents trade flows within and between regions 
as a proportion (i.e. market share) of total trade for every commodity, including the trade 
from regions r to s (i.e. the sum in every column is equal to 1, i.e. 100% of a regional market 
r). Finally, 𝐹෠ is the demand from exogenous institutions (household consumption, firms’ 
investment, government expenditure, etc.), both from the domestic country and trade 
partners (exports). The multipliers obtained by [𝑧̂(𝐼 − 𝐶𝐴)ିଵ𝐶] would give not only the direct 
and indirect uses of plastics due to a level or a change of exogenous final demand in the 
country, but would allocate the effects across supplying regions according to the percentages 
embodied in the components of block matrix C (Blair and Miller 2009). 

 

4) Data: Plastic Use Intensity (PUI) and waste by industry  
The first step aims at looking for plastic use intensity coefficients, industry by industry, to 
obtain the 𝑧௝ vector. To this end, we used the plastic unit value of EU-28 imports in 2019 
(World Bank data4), hence a unit price of 3,783 euros per tonne. We assumed that this average 
price was the same whatever the type of plastic inputs consumed by each industry. Secondly, 
we divided the industrial intermediate consumptions of ‘Plastic & rubber’ products recorded 
in the EU-28 IO Table by this average price to obtain a quantity (in tonnes) of intermediate use 
of plastics for each of the 65 industries. Dividing this quantity by the output value of each 
industry, we obtained the PUI coefficients, i.e. the quantity of plastics required per M€ of 
output. The average value was 2.29 t.M€-1, the second maximum value (after the ‘Plastic and 
rubber industry’ with 32 t.M€-1) being reached by the car industry with 10.3 tonnes per M€, 
the minimum being observed in the service industries, for instance in ‘legal and financial 
services’ (0.4 t). 

In a third step, the PUIs were converted into tonnes of plastics per million of Seychelles rupees 
(SCR) for the 23 industries of the Seychelles Industrial Classification (SIC). Some of the 65 PUI 
coefficients of the EU industrial classification had therefore to be averaged to fit with the SIC. 

                                                           

4 World Integrated Trade Solution (WITS), World Bank trade statistics HS6, Product code 392190 (Plastics; 
plates, sheets, film, foil and strip, other than cellular imports by country in 2019). 
https://wits.worldbank.org/trade/comtrade/en/country/EUN/year/2019/tradeflow/Imports/partner/ALL/produc
t/392190 
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For instance, the PUI coefficient used for the Seychelles industry called ‘Manufacturing, other’ 
was the weighted average PUI of 18 different EU manufacturing industries. Conversely, for 
those industries more detailed in Seychelles (e.g. Manuf. of fishery products, Manuf. of 
beverage & tobacco, Manuf. of other food), the unique EU coefficient available was used for 
the three local ones. 

 

Table 1. PUI 2019 adjusted to the Seychelles Industrial Classification (𝑧௝ vector) 
 

t.M€-1  t.MSCR-1 t.MUSD-1 
Agriculture 1.59 0.10 1.42 

Fishing 1.70 0.11 1.52 
Manuf. of fishery products 3.82 0.25 3.41 
Manufacture of other food 3.82 0.25 3.41 

Beverage & tobacco 3.82 0.25 3.41 
Manufacturing, other 4.22 0.27 3.77 

Plastics & rubber 32.27 2.08 28.82 
Electricity, gas, steam 0.42 0.03 0.37 

Water-sewerage-waste  1.08 0.07 0.97 
Construction 5.01 0.32 4.48 

Wholesale & retail trade 2.24 0.14 2.00 
Transportation and storage 0.79 0.05 0.71 
Accommod. & food service 0.73 0.05 0.66 

Info. & communication 0.55 0.04 0.49 
Financial & insurance 0.16 0.01 0.15 
Real estate activities 0.00 0.00 0.00 

Owner occupied dwellings 0.29 0.02 0.26 
Professional, sci. & techn.  1.31 0.08 1.17 

Admin. and support service  0.89 0.06 0.80 
Public admin. and defence 0.20 0.01 0.18 

Education 0.12 0.01 0.11 
Human health & social work 0.48 0.03 0.43 
Arts, entertain. & recreation 0.47 0.03 0.42 

Other service activities 0.81 0.05 0.72 
Note: The 2019 exchange rates were €1 = SCR15.51 = USD 1.12 (ECB, 2022) 

 

The 𝑧௝ vector was diagonalized into a matrix 𝑧ఫ
ௗ෢  and the calculus described in previous section 

can begin to disentangle the content of plastics in the domestic production and trade (imports 
or exports). Another impact vector (𝑤௝) regarding the quantity of plastic waste generated by 
every industry can be extracted from Eurostat data5. Fifty-nine categories of waste are 

                                                           

5 On the Eurostat portal, the database [ENV_WASGEN__custom_4721070] supplies the ‘Generation of waste by 
waste category, hazardousness and NACE Rev. 2 activity’. https://ec.europa.eu/eurostat/web/products-
datasets/product?code=ENV_WASGEN . See Table A1 of waste coefficients 𝒘𝒋 in Appendix. 
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available for 22 NACE categories (and another category for household direct waste) since 
2004. The category ‘Plastic wastes (w074)’ was selected at the EU-27 level in 2019, along with 
the EU-27 IOT data to divide the waste by the industrial output. Previously, the 22 NACE had 
to be adjusted to the Seychelles Industrial Classification (23 industries and 35 products) by a 
weighted average method based on the local structure of output, like for PUIs. 

The application of the EEIOA model requires different types of data: intermediate and final 
uses, PUI, plastic waste by industry... All these data are not available yet for the Republic of 
Seychelles. For the industrial production technology, we used the Supply and Use Table (SUT) 
released by the National Bureau of Statistics (NBS) in 2021 for the year 2019, with a selection 
of 23 key industries and 35 products for the domestic economy (NBS 2021). On that basis, an 
input-output table was constructed but with no distinction between domestic and imported 
inputs. Consequently, we had to estimate first the import (interindustry) matrix (𝐴௠) by 
allocating the vector of imports M proportionately to the distribution of intermediate and final 
output (see Miller and Blair 2009 for an explanation of the method, p. 151). From that point, 
we were in a position to calculate both 𝐴ௗ and 𝐴௠ matrices, the sum of which representing 
the total technical coefficient matrix (𝐴 = 𝐴ௗ + 𝐴௠). The 𝐴-matrix was used as a proxy of the 
foreign country technology structure, assuming that both national and foreign technologies 
were identical. This is not unrealistic because the biggest domestic industries in Seychelles 
(such as the fish cannery, Indian Ocean Ltd) are owned by foreign holding companies, compete 
internationally and export most of their output to EU countries (France, UK, Italy, Germany…), 
hence having the highest technology and environmental standards to export their products. 

The matrices Ad, Am and Ac, represent the technology matrix of Seychelles, the technology of 
using imported inputs in Seychelles, and the technology of partner country C, respectively. We 
assumed that the technology of country C was equivalent to the total matrix A, considering 
that the technology is the same for Seychelles and its trade partners in a first approximation 
(otherwise, we would need more information about IOT structures for each trade partner). 

First, we ran the models described in Equations (3) and (7) by using the final use diagonal 
vectors 𝐹ௗ෢  and 𝐹௠෢  corresponding to the final use of 2019 (columns Household consumption 
+ Government expenditure + Investment for domestic products, not including the Export 
column) and the final demand for imported goods, respectively. Then we ran the model for 
the export vector (but not accounting for embodied imports this time) to estimate the 
territorial use of plastics for both domestic and foreign final consumptions. 

 

5) Results 
5.1 A first estimation of the Seychelles plastic footprint 

Let’s first display the results obtained by the consumption-based plastic footprint, whatever 
the country where the materials originate from, estimated with the 23-indutry Seychelles 
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classification (without a specific plastic industry). The results are given in Fig. 2a and calculated 
from Equations (3) and (7) with a 23-industry by industry symmetric input-output table. 

 

Fig. 2a. Annual consumption-based plastic footprint and 2b. production-based territorial 
use (in tonnes and kg per capita) 

Note: own elaboration. Domestic = plastics used by territorial industries for domestic use, Import_IC = plastics 
embodied in imports for intermediate consumption, Import_FD = plastics embodied in imports for final domestic 
demand, Export = Plastics used by territorial industries for foreign demand. The Seychelles Industrial Classification 
(SIC) with 23 industries was used. The Seychelles population was 97,625 inhabitants in 2019 (NBS 2022). 

The total consumption-based footprint exceeds 6,500 tonnes (66.8 kg per capita) and the 
production-based territorial use is slightly lower at 6,200 t (63.1 kg p.c.). The red box in Fig. 2 
(3,790 t) measures the plastic use of local industries for the final demand of Seychellois 
residents (Eq. 3). The yellow rectangle of the right chart (1,709 t) refers to the amount of 
plastic materials embodied in imports of final products for domestic consumers (𝑍ி

௠,௖) and the 
orange rectangle (1,023 t) to the plastics embodied in imports of intermediate products used 
by the local industries (𝑍ூ஼

௠,௖). For instance, whenever the wholesale industry imports products 
that are wrapped in plastic films, it will be accounted for in this industrial category. 

On the right-hand side (Fig. 2b), we estimated the use of plastics by domestic industries, 
whatever the destination of products (domestic or export). Eq. (3) was used but the F-vector 
now includes export. The green rectangle (2,372 t) represents the plastic content of exports 
in 2019. These effects can be studied by industry for both consumption-based footprint (Fig. 
3a) and production-based use for exports (Fig. 3b). 

 

a) Consumption-based plastic footprint 
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b) Production-based use of plastics for exports 

 

Fig. 3a. Plastic footprint and 3b. use of plastics for exports by industry (in tonnes, 2019) 

Note: Own elaboration. Domestic = plastics used by territorial industries for domestic use, Import_IC = 
plastics embodied in imports of intermediate products, Import_FD = plastics embodied in imports of final 
products, Output_to_X = Plastics used by territorial industries for foreign demand, Import_to_FX = Plastics 
embodied in imported final products for re-exports, Import_IC_to_X = plastics embodied in imported intermediate 
products for re-exports. 
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As far as domestic final consumptions are concerned, construction and manufactured good 
(such as automotive, electric house devices or mobile phones) industries represent more than 
half of the plastic use in Seychelles, followed by wholesale & retail, manufacturing of beverage 
& tobacco, public administration and the manufacture of other food products (Fig. 3a). Any 
national effort aiming at reducing the plastic footprint should put the emphasis on these six 
industries. We note that 87% of plastic materials embodied in manufactured goods are 
imported to meet the domestic final demand (e.g. cars, smartphones, appliances, etc). 

When it comes to the territorial use of plastics for exports (Fig. 3b), the manufacturing of 
fishery products, the food and accommodation services, other manufacturing industries and 
transportation & storage are the top four industries. Although mostly sold in metal cans, 
processed fish also utilizes a great quantity of plastics as inputs (wrapping films, Styrofoam 
boxes, PVC containers, etc.). 

This preliminary study was a first estimation of the plastic in use in the country, but it ought 
to be complemented by industry-specific or consumption surveys near households and 
companies to better understand the domestic behaviours and levers in order to look for 
incentives that could reduce or re-use this amount of plastics throughout the economy. 
Moreover, there is no specific industry of plastics considered thus far. 

 

5.2 New estimation after including a distinct industry of plastics 

Although no plastic industry exists in Seychelles, this industry was separated from other 
manufactured products because the physical requirements of polymer inputs by the plastic 
industry itself is far greater than for any other industry (29 t.MUSD-1 for the plastic industry vs 
3.8 t.MUSD-1 for all other manufactured goods). A weighted average (by output) is used to 
aggregate the 23-industry coefficients into a 5-industry zi-vector to simplify the symmetric IOT 
and adjust it to other countries in a multi-regional model (Table 2). 

 

Table 2. The Seychelles EE-IOT 2019 with 5 industries (MUSD and tonnes) 

 

 
Sources: NBS and AfDB (2021) 

The upper blue-green section of Table 2 is the usual monetary IOT including an additional 
industry of plastic products. If the latter are purchased as inputs by all industries, they are 
entirely imported from overseas for a total value of 80 MUSD, hence with a null GVA for the 

2019
MUSD Fish Food Manuf Plastic Services Household Government Investment Exports Trade margins TOTAL USES

Fish 90 0 0 0 9 12 0 0 306 0 417
Food 6 16 1 0 87 231 0 0 4 0 345
Manufactured 31 12 209 1 232 187 0 409 191 0 1 272
Plastics 14 6 19 0 34 16 0 0 0 0 90
Services 43 15 32 0 642 478 349 0 779 185 2 522

TOTAL domestic IC 184 48 262 1 1 004
Imports 122 179 793 80 382

Taxes on products 2 69 95 9 92 GDP at market prices
GVA 109 49 123 0 1 043 MUSD 1590 US$ 1 = SCR 14,49

Output 417 345 1 272 90 2 522
Zi (tonnes/MUSD) 3,154 3,045 3,623 28,824 0,654
Wi (tonnes/MUSD) 0,781 0,790 0,813 1,742 0,166

Industries Final uses

Fish (t) 284 0 0 0 28 37 0 0 966 0 1 315
Food (t) 19 48 3 0 265 703 0 0 12 0 1 049
Manufactured (t) 112 43 757 4 841 679 0 1 481 691 0 4 609
Plastics (t) 401 168 561 0 994 475 0 0 0 0 2 599
Services (t) 28 10 21 0 420 313 228 0 509 121 1 649
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domestic economy. The domestic services (including transportation and storage, wholesale 
and retail sectors, accommodation and food services…) buy a great share of plastic inputs, 
before the manufacturing industry. 

The lower (yellow and brown) section of Table 2 displays the converted monetary values in 
physical terms, i.e. the quantity of plastic embodied in products used by each industry and 
final use. Between the two tables stand the impact factors, 𝑧௜ for the plastic use intensity 
coefficient for each product category and 𝑤௜ for the waste per output unit, both being 
measured in tonnes per MUSD. The picture is different because we can see now the higher 
quantity of plastics used by the manufacturing and plastic industry and by households’ final 
consumption, most of this tonnage being embodied in imports (e.g. cars, appliance, textile, 
etc.). Using the same methodology (Eq. 3 and 7), the estimated plastic footprint with five 
industries is now 7,238 t (i.e. 74.1 kg per capita). This consumption-based footprint is 
significantly higher than the previous estimation of 6,522 t (66.8 kg p.c.). The introduction of 
a specific plastic industry with a higher technical coefficient explains the difference. The 
production-based territorial use of plastics is slightly lower (5,326 t, i.e. 54.6 kg p.c.) because 
it now excludes the imported content of exports, of which 40% is for foreign demand. 

A more accurate analysis could be obtained with a more detailed industrial classification 
(Boucher et al. 2019, Jander 2021). Therefore we applied Eq. (3’) and Eq. (7) to a product-by-
product Supply-Use Table (SUT with 35 product categories, including an industry of chemicals, 
rubber and plastics). This time, the estimated consumption-based footprint is 7,232 t (74.1 kg 
p.c.), i.e. very close to the previous 5-industry model. The production-based territorial use is 
6,038 t (61.8 kg p.c.), of which 2,190 t (22.4 kg p.c.) for the mere plastics embodied in exported 
products. 

 

5.3 Physical flows of plastics throughout the Seychelles economy 

On the basis of model (9), we can restrict the analysis to the sole physical flows of plastic 
materials circulating in the Seychelles economy, as shown in the lower section of Table 3, so 
as to build a Physical Input-Output (PIO) model (Towa et al. 2020). With the mere stimulation 
of the domestic final demand, the physical multipliers included in the inverse matrix (𝐼 − 𝑄)ିଵ 
would generate 6,664 t (59%) out of the 11,222 t circulating directly and indirectly in the whole 
territory for intermediate and final uses, meaning that a large share is also embodied in 
exports (41%). Three quarters of these material flows stem from the manufacturing and plastic 
sectors, but the food industry would also represent a significant share (13%) and services too 
(14%). The picture is different when the local economy is only stimulated by exports because 
the fish processing industry would then play a substantial role (27 % of exported plastics), as 
shown by the following flow diagram (Fig. 4): 
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Fig. 4 Sankey diagram of plastic material flows (in tonnes) 

Own elaboration. All plastics circulating in Seychelles are imported. Blue flows represent plastic 
materials circulating between industries. All the waste (black flows) is produced by final uses 
but can be traced back to the responsible industries, along with a direct waste from household 
consumption. 

 

Fig. 4, derived from the PIO model, shows the mass balance between supply (i.e. all coming 
from imports) and end uses of plastics (total = 6,215 t). The blue flows represent the 
intermediate uses of plastics (including imports), all other colours symbolizing the plastic 
embodied in final uses. Household consumption is a major driver of plastic flows through the 
purchase of manufactured and food products (35%), but exports are also responsible for more 
than one third of plastic flows through sub-sectors like canned fish, transportation, food and 
accommodation services, etc. Firms only consume plastics through manufactured goods. The 
flow chart also shows how plastic flows circulate between industries through intermediate 
goods and services, with several important loops of intra-consumption. 

 

5.4. Plastics circulating in the South-West Indian Ocean territories 

The previous results concern a single country, but it seems also interesting to include several 
trade partners belonging to the Indian Ocean Commission (Comoros, Mauritius, Madagascar, 
Seychelles and La Réunion). The data collection process is made more complex because only 
Seychelles and Mauritius have developed their own IOT. The French territory of La Réunion 
reports some data by industry (output, total intermediate consumption, gross value added). 
Other developing states such as Madagascar or Comoros release very few public economic 
statistics. In such a data deficient context, we assumed in a first attempt that the economic 
specialization of Madagascar looks like an agricultural economy (e.g. Jamaica) and refer to the 
technology (Leontief) structure of this country. In the same way, we shall assume that the 
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industry structure in Comoros behaves like the Seychelles one, La Réunion like Mauritius and 
the rest of the world like the EU-28 group. This framework can be improved by any further 
statistical information made available by a country. As far as the trade structure is concerned, 
we used the UN Com Trade database of goods and services by origin and destination for the 
five major product categories (fish products, food products, manufactured goods, plastics and 
services). The available supply tables gave the breakdown between domestic and imports by 
product category for the IOC members and their trade partners. When the information was 
missing for services, we assumed that all services were domestically produced.  

We applied Model (10) to the vector of final uses in Seychelles (domestic uses and exports). 
The results are displayed in Fig. 5 below: 

 

Fig. 5 Origin of plastic materials used by Seychelles activities for domestic and foreign uses 

Note: Flows in tonnes. Sey = Seychelles, Mad = Madagascar, Maur = Mauritius, Reu = Réunion, Row = Rest of 
World. A = Fish products (green), B = Food products (red), C = Manufactured goods (purple), D = Plastics (blue), 
E = Services (yellow). Sey_Fd(i) = Seychelles final domestic uses of plastics embodied in product i, Sey_Fx(i) = 
Foreign uses (= Seychelles exports) of plastics embodied in product i. Only flows > 1t were kept in the diagram. 

 

The total requirements of plastics by Seychelles, mixing up those for domestic (two thirds) and 
foreign uses (one third), are now reaching 8,844 t. It is worth noting that half of the footprint 
is due to the manufacturing industry (e.g. plastic embodied in vehicles, electric or electronic 
equipment, etc.). On the left-hand side chart in Fig. 5, we observe that most plastics are 
imported from outside the Indian Ocean region (China, EU, South-Africa, USA, etc.). A smaller 
proportion is passing through Seychelles-based manufacturing activities (furniture, repair and 
maintenance of equipment, etc.). Interestingly, services are the second most important sector 
of plastic consumption, with 22%. A lot of services like wholesaling and retailing, 
transportation and storage, accommodation and food services, information and 
communication… are themselves containing a lot of plastic materials. Then comes the food 
industry (e.g. PET bottles, yoghurt pots, styrofoam boxes…) with 18%. 

On the export side (right-hand side chart of Fig. 5), the fish industry is by far leading the 
quantity of plastics sent abroad, representing 41% of materials, followed equally by services 
and manufactured products (29% each). This is not surprising since the fish processing industry 
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is the main exporter of the country and represents 8 to 15% of the GDP (Rassool et al 2020, 
Guillotreau and Bistoquet 2022). Services such as tourism (airlines, hotels and restaurants, car 
rental, yachting and recreational activities…) are of crucial importance for the domestic trade 
balance and foreign exchange revenues. For these two macro-sectors (fish industry and 
services), the origin of plastics is coming in equal shares from the domestic industries after 
intermediate use and re-processing, hence value-adding, and from the plastic and other 
manufactured good industry located in the rest of the world. Madagascar and Mauritius 
contribute for a small fringe to the use of plastics by Seychelles for the sake of domestic and 
export consumptions, mainly by supplying manufactured or plastic products used by the fish 
product industry. However it appears quite clearly that the Indian Ocean island territories are 
poorly connected by international trade and more turning to the rest of the world for their 
supply (Levin et al. 2018). 

 

5.5. Estimation of the Seychelles plastic waste  

Finally, we can develop the same analysis as in Section 5.2 to look at plastic waste as impact 
factor (Table A1 in Appendix). On the basis of a 35x35 product-by-product table and equations 
(3’) to (7), we obtained a consumption-based Plastic Waste Footprint (PWF) of 1,622 t (16.6 
kg p.c.). The production-based territorial waste amounts to 1,682 t (17.2 kg p.c.) after 
including production waste for exports. When dividing these quantities by the tonnage of 
plastic materials found in Section 5.2, the discard rates would lie between 22% for domestic 
consumers and 28% for resident producers. These amounts look pretty much in line with other 
rates found in the literature (Baeta-Humanes 2021, OECD 2022). The question now becomes: 
which proportion of the waste leaks out to the environment as marine litter?  

In absence of any specific study, we can only refer to the literature assessing marine litter from 
the percentage of mismanaged waste adjusted to the population within 50 km of the coast 
(Jambeck et al. 2015). In the supplementary materials of the latter study, the Seychelles 
mismanaged waste rate is 39%, thus potentially 633 t of plastic marine debris per year when 
applied to the 1,622 t of plastic waste. The total quantity of mismanaged waste in 2010 was 
estimated at 4,619 t for Seychelles in the Jambeck et al (2015) study, which is seven times 
more than our own estimation. Presumably, the waste coefficients derived from the Eurostat 
database under-estimate the quantity of waste disposal in Seychelles. 

 

 

5) Discussion 
Although first countries hit by marine pollution, SIDS have a low capacity to handle the 
growing amount of plastic waste generated by their domestic consumption (Lachmann et al. 
2017, Mata-Lima et al. 2021, Monsanto et al. 2022). Some studies showed that marine litter 
is dominated (more than half) by plastics and that sixty percent are issued from local land-
based catchment (Verlis and Wilson 2020). This is why it is so important for SIDS to identify 
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the sources of plastic pollution and contain them by taking mitigation measures. The LCA, MFA 
and EEIOA approaches have made significant improvements for the last decade and databases 
are now available in a great number of countries (Peters et al. 2011, Merciai and Schmidt 2018, 
Stadler et al. 2018, Towa et al. 2020). Unfortunately, small island territories are often left 
outside the scope of such studies because of their size and lack of survey data (Guillotreau and 
Bistoquet 2022). 

 

Comparison between various EEIOA models to calculate the plastic footprint of Seychelles 

In the present study, we suggest to use the plastic use and waste coefficients from 
international databases coupled with supply and use tables to create single-country or multi-
regional PIO and EEIOA models for SIDS and thus estimate their plastic use and plastic waste 
footprints. Such an approach was made possible by the estimation of PUI coefficients derived 
from World Bank trade data and Eurostat data on plastic waste by industry (NACE2). Because 
the National Bureau of Statistics in Seychelles released its first Supply and Use Tables (SUT) in 
2019 with 23 industries and 35 product categories, we could create several EEIOA models with 
various levels of aggregation, including or not a specific Plastic industry, and testing for several 
model specifications. The results are synthesized in Table 3. 

 

Table 3. The Plastic footprint of Seychelles in 2019 from various EEIOA models  

2019 Distinct 
plastic 
industry 
included 

Consumption-
based footprint 
(tonnes) 

Footprint 
per capita 
(kg/cap.) 

Production-
based use for 
export (PBX) 
(tonnes) 

PBX per 
capita 
(kg/cap.) 

EEIO_4 No 5,078 52.0 3,539 36.3 
EEIO_5a Yes 6,506 66.6 4,449 45.6 
EEIO_5b Yes 7,238 74.1 2,096 21.5 
MRIO_5 Yes 7,109 72.8 4,009 41.1 

EEIO_23a No 5,499 56.3 3,703 37.9 
EEIO_23b No 6,522 66.8 2,372 24.3 
EEIO_35a Yes 6,396 65.5 3,158 32.3 
EEIO_35b Yes 7,232 74.1 2,190 22.4 

Note: EEIO_4, EEIO_5a and EEIO_23a models correspond to Eq. (2) with 4 (without plastics industry), 5 (with 
plastics industry) and 23 industries (without), respectively. EEIO_5b, 23b and 35b follow Eq. (3) or (3’) to (7) with 
the respective number of industries or product categories (EEIO_35 relies on a product-by-product table 
including the plastics industry). MRIO_5 applies Eq. (1) with five industries in the Seychelles and four other Indian 
Ocean island countries and the rest of the world. The population of Seychelles in 2019 was 97,625 inhabitants. 

 

Even though Seychelles has no domestic plastic industry and imports all plastic materials (PVC 
or PE for wrap, PET for bottles, styrofoam boxes,…), adding a separate plastic industry with a 
specific PUI coefficient distinct from manufactured goods increased significantly the plastic 
footprint which was found probably closer to the actual value. In overall, a Seychellois resident 
would be responsible of 75 kg of plastic use per year because of her own consumption. 
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Interestingly, either a selected classification of 5 or 35 activities does not affect the final result 
around 7,235 t. It is admitted that the accuracy decreases with the level of aggregation 
(Boucher et al. 2019, Jander 2021) but in the present case the single country EEIO model with 
five industries confirmed the outcome of the more complete model. This result is important 
to further extend the estimation in the Indian Ocean multi-regional context where the 
industrial classifications need to be harmonized between heterogeneous countries in terms 
of income per capita and national account statistics. In spite of incomplete information about 
the technology structure and final uses for several IOC countries, the MRIO was able to 
replicate precisely the consumption-based footprint resulting from the best single-country 
EEIOA models (~7,100 t). 

Another important result of Table 3 lies in the model specification itself. In EEIO_4, _5a, _23a 
and _35a models, Eq. (2) in Section 3 was used with a technical input matrix cumulating 
domestic and imported intermediate consumptions, unlike EEIO models 5b, 23b and 35b 
separating domestic and imported inputs in Eq. (3) to (7) (Section 3), as recommended by the 
standard environmental footprint methodology (Wiebe and Yamano 2016, Pasquier 2018). 
The first approach significantly under-estimates the weight of plastic use embodied in imports 
for both intermediate and final uses. The second approach demands a first step to estimate 
the proportion of imports used for intermediate and final consumptions, with a method 
suggested by Miller and Blair (2009), but gives a more reliable and responsible idea of what a 
consumption-based ecological footprint should be, whatever the origin of goods and services 
purchased by local consumers (Marques et al. 2017). The second model enhanced the 
footprint by 7.5 to 21.8%, depending on the level of aggregation and inclusion of a plastic 
industry. We strongly recommend to use this second approach for a more accurate 
assessment. In Table 3, we can also observe discrepancies between a-type and b-type models 
regarding the territorial use of plastics for exports. Once again, the b-type models separating 
the plastic content of imports for intermediate and final uses must be preferred to the a-type 
model relying on a single matrix of technical coefficients (Miller and Blair 2009). Let’s remind 
that the territorial use considers only input requirements for domestic or foreign final uses, 
but should not include imported materials for a fair estimation. Consequently, in the 
Seychelles, the plastic content of exports is rather found in the range between 2,100 and 2,400 
t. 

 

A plastic footprint per capita of a high-income country 

How does Seychelles, considered high income country by the World Bank6, behave with regard 
to footprint levels in other similar developed countries? Martino Amadéi et al. (2022) 
compared the literature-based EU plastic footprint with the consumption statistics-based 
footprint (using the database PRODCOM). The literature-based footprint of EU citizens was 84 
kg of plastic per capita in 2014, but the statistics-based amount was deemed much higher, at 
129kg per capita (Martino Amadéi et al. 2022). The latter approach relies on the apparent 

                                                           
6 With a GDP per capita at USD 13,306 in 2021, the highest in Africa, Seychelles is considered high-income country 
(https://data.worldbank.org/). 
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consumption by product (for 590 product categories) multiplied by the unitary weight of 
products and the plastic share of each product. This method is therefore more comprehensive 
than the former one but requires a great deal of product-wise information that most SIDS do 
not have, hence the useful EEIOA models for small island territories until they can upgrade 
their data collection system. With 74 kg per capita, the Seychelles behaves like a high-income 
country, but without the returns to scale and facilities needed to manage a too high waste 
tonnage. Seychelles introduced a landfill lately, in 2014, letting behind its previous dumping 
practices7. 

When it comes to the Plastic Waste Footprint (PWF), we found a value of 1,622 t (16.6 kg per 
capita) in Seychelles. This is in the range of values observed in countries involved in the 
worldwide EXIOBASE 3 project (Baeta-Humanes 2021). The magnitude of Seychelles’ PWF 
would then be closer to upper middle-income countries such as Romania (11.5 kg per capita), 
South Africa (13.7), Hungary (17.8), but quite far from the high-income biggest waste 
producers: South-Korea (60.1), Switzerland (61.6), Finland (63.4), Croatia (68.3), Australia 
(123.7), Luxembourg (125.6) and Canada (159.6) (Ibid.). However, in 2016, the total landfill 
solid waste in Mahé amounted to 71,841 t (Lai et al. 2016) and the share of plastics 
represented 7.5% of the total tonnage of solid waste between 2003 and 2010 (Talma and 
Martin 2013). If the composition had not changed, plastic wastes would then represent some 
5,388 tonnes in 2016 (55 kg p.c.), meaning that our estimation is significantly under-valued by 
a factor 3. The gap could be explained by a decreasing generation of plastic waste since 2010, 
which is unlikely, or most probably by a selection of too low coefficients of waste by product 
(𝑤௝) from Eurostat data. More accurate waste coefficients by activity should therefore be 
searched for. An evidence is given by the Jambeck et al. (2015) study which estimated 11,800 
tonnes of plastic waste in Seychelles in 2010, of which 4,631 tonnes (and 5,478 forecast in 
2025) would be mismanaged and likely to end up in the ocean as marine litter. A study about 
the origins of marine debris emphasized that mismanagement was a major cause of pollution 
and that the negative impacts were felt on very remote areas (Duhec et al. 2015). At least 38% 
of marine debris collected on a small Seychelles island (Alphonse island) were coming from 
land (beach sandals, foam sheets, plastic caps…) and more specifically from South-East Asia 
and Somalia, 19% from ocean-based sources (cruise ships, cargo ships, fishing vessels…), the 
remaining share being made of small plastic fragments impossible to associate to any origin 
(Duhec et al. 2015). 

 

Which industries are responsible for the plastic footprint? 

Our analysis emphasized the key role of the construction industry (24% of the Seychelles 
plastic footprint), followed by the machinery and transport equipment sector (20%), the 
beverage and tobacco industry (8%), the wholesale-retail trade and repair industry (6%), 
health sector (5%) and public administration (4%). Such an industrial structure fits with others 
from the literature, where construction has a 29% contribution to the EU consumption-based 
plastic footprint, packaging coming next with 24%, electrical and electronic equipment (EEE, 

                                                           
7 https://www.nation.sc/archive/243396/new-modern-landfill-to-be-operational-soon 
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11%), transport (6%), clothing (4%), etc. (Martino-Amadei et al. 2022). There is no such 
category as ‘Packaging’ or ‘Clothing’ in the Seychelles industrial classification, but these 
activities are probably included in the ‘Wholesale-retail’ + ’Plastic-rubber’ categories, as well 
as EEE which is certainly integrated in ‘Machinery equipment’. We believe that an introduction 
of separate categories for such plastic-intensive outputs in the Seychelles industrial 
classification could be useful to help public policies reducing the use of plastics. 

At the worldwide level, the most impacting sectors in terms of carbon footprint from plastics 
are fairly similar: construction (14%), electronics and machinery (14%), automotive industry 
(14%), textile and furniture (7%), food industry (6%), etc. (Cabernard et al. 2022). However, in 
the latter study, services altogether represent the most polluting sector with 18% (Ibid.). With 
EXIOBASE and a global MRIO model, other authors found a high plastic waste footprint for 
public services, in particular for ‘Health and social services’ (7.2%) and ‘Public administration 
and defence services’ (3%) (Baeta Humanes 2021). This is the case too in our own estimation 
of the plastic footprint, where the cumulated contribution of services reaches 19%, of which 
health and social services and other public services play a major role. Tourism-based activities 
play a quasi-null part in the consumption-based footprint, but are the second largest 
contributors (24%) to the production-based territorial use of plastics, just after the fish 
processing industry (49%). As illustration, the local tuna cannery delivers specifically to the UK 
market (TESCO) PP plastic cups of 20 g each, where else other markets in the EU get tin cans. 

We conclude that the industrial origin of the Seychelles footprint looks like many other 
developed countries around the world but with several specificities related to SIDS 
(importance of fisheries and tourism), and that a substantial proportion of this material 
footprint is somehow reallocated away from primary and secondary sectors and driven by a 
few services. 

 

How to reduce the plastic footprint? 

Plastics are so convenient that it seems difficult to avoid them completely. Two policy levers 
could be actionable to mitigate the use of plastics: 1) Decreasing consumptions by households 
and industries. 2) Decoupling economic growth and plastic use by lower PUI per unit of output 
through innovating technology and material substitution. 

In the present study, we can only predict changes in the first lever because PUI, based on 
coefficients derived from EU data, are fixed by definition in EEIOA models. The EU production 
of plastics has not changed much in a decade, stabilizing around 60 million tonnes (Plastics 
Europe 2022). In France, the average input coefficient of 65 industries has nonetheless 
increased by 62% over the past decade, but the EU one has been quite stable at slightly less 
than 1%. A specific measurement of the plastic content of productions in Seychelles would be 
necessary to achieve a more reliable look at such changes. 

Several initiatives taken by SIDS have been implemented, including waste management 
systems, reduction in single-use plastics, and increased public awareness and education 
programs (Lai et al. 2016, Barrowclough and Vivas-Eugui 2021, Monsanto et al. 2022). 
However, the implementation of these initiatives is often hindered by a lack of resources and 
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capacity, and the need for increased international support. There has been a significant 
progress in WTO notifications of related trade measures for plastics since 2015, particularly 
regarding plastic-selective measures. Of about 127 measures notified to the WTO (up to 2018) 
that were relevant to plastics, nine have been notified by two Indian Ocean SIDS, Mauritius 
and Seychelles: bans on import, sales and manufacture of certain plastic bags, straws, 
tableware and kitchenware, foam boxes and other containers (Barrowclough and Vivas-Eugui 
2021). On the plastic ban in Seychelles, the Landscape and Waste Management Agency 
(LWMA) wrote: “in 2017 the initiative was to restrict the manufacturing, importation, sales 
and distribution of single use plastic items such as cups, bags, utensils and Styrofoam boxes. 
The next step in 2019 was the restriction on single use plastic straws and they are one of the 
plastic items causing a major nuisance to global ecology and environment as a whole. They 
are very light and small, therefore are easily carried out at sea and other water bodies by wind 
and surface water run-off.” (mace.gov.sc/waste-management). 

Such measures will certainly reduce the plastic footprint of SIDS in the short run, but not to 
the extent of the issue regarding some specific sectors like construction, machinery and 
equipment, beverage and tobacco, fish processing, food and accommodation services, where 
more specific actions need to be implemented. For instance, campaigning against industrial 
food would avoid imports of plastic-wrapped food products towards more healthy and 
environmental-friendly diets. Looking for substitutes to plastics may also represent profitable 
business opportunities for the entrepreneurship of SIDS, such as the use of biomaterials 
(Barrowclough and Vivas-Eugui 2021). Whenever the quantity of plastics cannot be reduced 
because of the fossil-fuel dependence of Seychelles, physical waste treatment and recycling 
solutions should be promoted for a more circular economy (Lai et al. 2016, Meylan et al. 2018). 
This could be done by merging the plastic waste disposal and treatment efforts at the regional 
level and intensify trade within the Indian Ocean Commission so as to reach the economies of 
scale and network economies that are still missing for a country alone (Monsanto et al. 2022). 

 

Limitations and extensions of the study 

The present study attempted to estimate the plastic footprint of SIDS with international data 
when local monitoring systems are missing. Obviously, this is far from being accurate as seen 
by the discrepancy with other empirical studies (Jambeck et al. 2015, Lai et al. 2016). Surveys 
near private companies and public agencies would give a better idea of the plastic content of 
output and consumption, as well as counting surveys in landfills or at household places. More 
bottom-up (e.g. LCA and MFA) studies converting the plastic embodied in thousands of 
products currently consumed in SIDS would complement usefully the EEIOA and PIO 
approaches which are likely to under-estimate the magnitude of plastic accumulation in the 
environment. A MRHIO model would deserve further information about the technology 
structure of trade partners and their technology and waste management policy with regard 
to plastics. The theoretical framework requires to be extended by splitting up some industrial 
and product categories into more specific ones (packaging, clothing, bio-based vs fossil fuel-
based plastics, etc.) and, as far as possible, by type of polymers (PE, PP, PVC, PS…) (Jander 
2021). The physical supply-use tables could be coupled to an integrated Computable General 
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Equilibrium Model in order to simulate the effects of public policies on the material footprint 
and circularity of the Indian Ocean SIDS economies (ban measures, tax on plastic-based 
products, subsidy of green sectors, new waste treatment facilities, etc.) (Masui 2005). 

 

 

6) Conclusion 
Marine litter in the ocean affects particularly small island developing states (SIDS) which rely 
on sustainable marine ecosystems for their fishery- or tourism-based economies (Owens et al. 
2011, Rassool et al. 2020, AfDB 2021, Monsanto et al. 2022). Political action against plastic 
pollution starts with a quantitative assessment of the problem. The present study adapts 
conventional MFA and EEIOA approaches to estimate the plastic material footprint of SIDS 
with a particular focus on the Seychelles and the Indian Ocean region. The plastic consumed 
by each inhabitant is estimated to be within the range of other high-income countries, 
however the available waste treatment capacity is not comparable to that of SIDS. The origins 
and circulation of plastic flows are identified and point out the key role of some specific 
exporting industries and services. 

This type of approach is meant to assist policy makers by a better understanding of products 
and sectors on which efforts should be made to reduce the domestic plastic footprint, but also 
how to select the most effective measures with regard to their cost-effective effects along the 
supply chains. EEIOA can improve the roadmap towards more circularity within small island 
territories and less reliance on harmful trade for the environment. Setting the analysis in a 
multi-regional hybrid input-output framework clearly shows how weakly connected are island 
territories in the south-west Indian Ocean region, but also the potential joint efforts that could 
be made to intensify not only the trade among them, but also the economies of scale that are 
required to cope with such a massive issue for their marine environment and blue economy. 
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Appendix 

Table A1. Waste coefficients in tonnes per unit value of output in 2018 

Seychelles classification of 35 products t/M€  t/MSCR  t/MUSD  
Agricultural products 1.060 0.064 0.897 

Fish & aquatic products 1.060 0.064 0.897 
Quarry products 0.080 0.005 0.068 

Processed fish 0.845 0.051 0.715 
Other food products 0.845 0.051 0.715 

Beverages and tobacco 0.845 0.051 0.715 
Textiles, clothing, footwear & leather products 0.709 0.043 0.600 

Wood, paper and printed products 0.458 0.028 0.387 
Petroleum products 0.053 0.003 0.045 

Chemicals, rubber and plastic products 1.951 0.119 1.651 
Non-metallic mineral products 0.793 0.048 0.671 

Metal products except machinery and equipment 0.288 0.017 0.243 
Machinery & equipment and parts except transport 0.286 0.017 0.242 

Transport equipment and parts 0.286 0.017 0.242 
Furniture and other products nes 0.373 0.023 0.316 

Repair & installation serv. except for motor vehicles 0.373 0.023 0.316 
Electricity, gas, steam and air conditioning supply 0.071 0.004 0.060 

Water supply; sewerage, waste mgt & remediation  19.458 1.184 16.469 
Construction 0.510 0.031 0.432 

Wholesale and retail trade 0.215 0.013 0.182 
Repair of motor vehicles and motorcycles 0.240 0.015 0.203 

Transportation and storage 0.190 0.012 0.161 
Accommodation services 0.190 0.012 0.161 

Food and bar services 0.190 0.012 0.161 
Information and communication 0.190 0.012 0.161 
Financial and insurance services 0,190 0,012 0,161 

Real estate services 0,000 0,000 0,000 
Owner occupied dwellings 0,190 0,012 0,161 

Professional, scientific and technical services 0,190 0,012 0,161 
Administrative and support services 0,190 0,012 0,161 

Public admin. & defence; compulsory social security 0,190 0,012 0,161 
Education 0,190 0,012 0,161 

Human health and social work 0,190 0,012 0,161 
Arts, entertainment and recreation 0,190 0,012 0,161 

Other services 0,126 0,008 0,107 
 

Note: Own elaboration from Eurostat data [ENV_WASGEN__custom_4721070], ‘Generation of waste by waste 
category, hazardousness and NACE Rev. 2 activity’ + EU-27 IOT for outputs by industry 
https://ec.europa.eu/eurostat/web/products-datasets/product?code=ENV_WASGEN 

 


