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MARPOL issues in Canary Islands ports: 
alternatives and optimization of energy 
management 

Abstract  In Canary Islands ports, it is necessary to propose sustainable 
management systems in the sphere of port waste, as well as to make the authorities 
aware that such improvements are based on the new models of the circular 
economy. In the case of the port of Santa Cruz, the capital of Tenerife, it is a 
matter of providing new alternatives to deal with MARPOL waste. Ideally, these 
would be establishing a circular economy framework that could enable its 
electrical and thermal self-sufficiency through the recovery of waste (energy) in 
maritime transport. Many advantages are derived from this model, both from the 
point of view of management, where it is contemplated to provide a better service 
in the management of MARPOL V (waste generated by solid waste from ships 
that dock in ports) from ships that make use of its facilities and, therefore, 
contribute to the development of the Special Territorial Plan for Waste 
Management in Tenerife, in accordance with the European policies required for 
the coming years, as well as from an environmental and energy-saving point of 
view, since pollutant emissions are reduced as is the waste flow, that up to now 
was only for transport to the landfill. 
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1 Introduction 

When analysing the evolution of the principal energy magnitudes in electrically 
isolated environments, as in the Canary Islands’ Isolated Electricity System (IES), 
it is notable that internal production contributes only a tiny fraction of the primary 
energy. This amount refers to the total contribution of all the main types of 
renewable energy available in the archipelago (wind, photovoltaic solar, solar 
thermal, hydro-wind, mini-hydro and landfill biogas). In comparison with the 
Spanish mainland, the lack of major hydroelectric facilities, limits the 
participation of renewable energies.  
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The total participation of these renewable energies has been stable for years. 
This is partly influenced by the weather conditions, which change so easily in 
islands with such abundant micro-climates. Specifically, in the last year for which 
the Canary Government has given out official data, the total primary energy barely 
reached 1.50%, with a trend towards approaching this figure in previous years. In 
fact, petroleum derivatives supplied to final users absorb the vast majority of the 
final energy demand, reaching 79.13% of the total in 2015. The remaining 20.87% 
is split into electricity (20.63%) and solar thermal power (0.24%). 

 

 

Fig. 1 Canary Islands’ energy balance 2015 [GobCan (2016)] 

On studying Figure 1, some interesting aspects should be pointed out. On the 
one hand, according to Guerrero-Lemus R et al (2015); Marrero GA, Ramos-Real 
FJ (2010); Mendoza-Vizcaino J et al. (2016); Fokaides PA, Kulili A (2013); 
Kuang Y et al. (2016), there is a need to plan and join forces to develop and 
implement new energy generation systems. These should achieve lower costs for 
these isolated systems, and in turn resolve issues arising from the local 
peculiarities. For this, a strategic energy plan covering isolated territories like the 
Balearic Islands and the Canary Islands is needed, that does not only focus on the 
context of the Spanish mainland. This must be translated into new actions like 
improvements in the existing specific regulations, making reasonable electricity 
charges possible in isolated environments. On the other hand, taking studies like 
Iñiguez ME et al. (2016) and Adolf KY (2010) as references in the context of an 
archipelago like the Canary Islands, this strong reliance on crude-oil based energy 
supplies readily brings to mind interactions between the maritime operations in 
these docks and the environment. Indeed, the Canaries have a substantial sea 
traffic density in relation to their population. This leads to considering the 
possibility to channel the residues generated by maritime traffic towards a mode of 
electrical energy production able to fulfil some of the needs of the port.  
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2 Canary IES study method: Western Canaries 

2.1 Solid waste management in Santa Cruz province 

Currently, Santa Cruz docks receive MARPOL V waste from ships using their 
services. Owing to some industrial, business and service facilities also being 
situated there, there is a solid refuse collection network consisting of a selective 
pick-up of recyclables and the bulk collection of the remaining fraction. Thus, the 
total flow from both currents is sent to the corresponding processing and land-fill 
sites. According to the last data series from the Port of Santa Cruz Authority, the 
average flow is 21,020 m3 of MARPOL V and 65,709 m3 of solid waste, 
generated by licensed companies within the docks. Based on this volume, the port 
zone itself could be treated as an isolated waste treatment center. Managed 
independently of the island system, this would be an obvious improvement in the 
waste management service of Tenerife –according to the revised text of the 
Special Territorial Plan for the Management of Waste in Tenerife [Cabildo Insular 
de Tenerife (2011)]–, entailing a lower financial cost for the Port Authority and a 
great reduction in refuse transport volume to the processing center (with the social 
and environmental repercussions this currently implies), as described below.  

2.2 MARPOL V and other beneficial waste service characteristics 
and data 

Marine and dockside ship-waste pick-up and reception services in Santa Cruz 
operate continuously 365 days a year. There are no treatment plants in the docks 
for this kind of waste, which directly incurs disposal costs for the port authorities. 
According to the data compiled, there were 2,927 waste receiving services 
rendered in 2015 in Santa Cruz docks (without considering other associated ports 
in the same province, like La Palma, El Hierro, La Gomera or Los Cristianos), 
with a total solid waste volume of 15,714 m3 (MARPOL V).  
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Table 1 Annual estimate of Santa Cruz dock waste not included in the MARPOL Convention 
annexes [kg] 

Port of Santa Cruz de Tenerife (2015) 
Designation of 

waste Destination 
Annual 
estimate 

Total 
recoverable 

Total 
recyclable 

Total not 
useful 

Urban Solid Waste Valorization 254,830.00 254,830.00 - - 
Paperboard Valorization 7,858.00 7,858.00 - - 
Paperboard Recycling 2,040.00 - 2,040.00 - 
Packaging-plastic Recycling 1,144.00 - 1,144.00 - 
Wood Valorization 12,610.00 12,610.00 - - 
Debris – land Environmental complex 67,238.00 - - 67,238.00 
Road cleaning Environmental complex 64,700.00 - - 64,700.00 
Vegetable pruning Valorization 10,500.00 10,500.00 - - 
Cables Valorization 11,220.00 11,220.00 - - 
TOTAL   297,018.00 3,184.00 132,119.00 
      

Waste flows from companies operating in the port of Santa Cruz are also 
included and studied here. Figure 4 provides an idea of the monthly waste 
availability, to plan efficient and well-adjusted collection, reception, storage and 
management systems. 

 

Fig. 2 Monthly frequency of waste collection in the port of Santa Cruz 

In view of this, a waste treatment plant could indeed be sited in the industrial 
park within the port zone of Santa Cruz, thus requiring only local internal 
transport to collect all the waste daily. This may seem feasible at first sight. But 
how would the process be organized and how would energy best be generated 
from this waste? It is necessary to make a rough forecast of demand for one year. 
Depending only on the demand from the docked ships, energy consumption varies 
greatly from a minimum of 5.8 MW/day to a maximum of 33.3 MW/day when 
cruises coincide in the port, stimulating more activity. Included in this, a basic 4 
MW charge is needed to keep the facilities turning over. 
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3. Suggested Model 

3.1 Waste management based on a circular economy  

As explained above, a proposed model emerges that integrates solid waste 
management in the port environment with the production of exploitable energy 
from this waste. Thus, its recyclable components can be separated and energy 
produced from otherwise valueless materials (cf. Table 1). In this way, an almost 
free electricity generation source appears that can supply the main port’s demand, 
if backed up by liquefied natural gas transported via the virtual gas pipeline from 
the plant being installed at the new port in Granadilla (southern Tenerife). 

The refuse processing plant's input would consist of the following fractions: 
glass, rubber, rubble, disposable nappies and other cellulose, organic matter, paper 
and cardboard, plastic film, ferric and non-ferric materials, textiles, wood, other 
plastics, batteries and others. These fractions can be found in proportions 
established after characterizing samples collected over the recent study period. 
This data aids in deciding the potential of separating each fraction, as well as the 
size of the plant necessary. 

Figure 3 shows a comparison between the current waste management in the 
port and this proposal based on the concept of circular economy, as put forward by 
other authors [Pauli G (1998)]. The model is based on not sending all the waste 
out to a general processing center, so as to create a micro-circular economy based 
on it. After processing, around 56% would be used to produce electric energy for 
the port’s own consumption and when needed, for the ships. 

 

 

Fig. 3 Suggested model, based on the circular economy concept 
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3.2 Energy supply diagram 

Regarding the energy supply and the possible operating model, the solution 
illustrated in the Figure 4 is proposed. The aim is to satisfy the port's demand (D) 
and particularly the demand of the cruises ships stopping over (C), through energy 
generated from the collected waste (G1) by means of a gasification process. Any 
surplus could be commercialized. 

The additional electric energy needed to cover peaks in cruise and other ship 
dockings would be provided by liquefied natural gas (G2). This arrangement 
would certainly offer an optimal solution for the present waste management needs, 
fulfilling the European standards regarding recycling, valorization, and 
elimination of this waste. It could also lower the energy consumption of the 
archipelago, potentially lowering its electricity costs. 

 

Fig. 4 Proposed model of energy generation from port waste 

4. Results and Discussion 

The following results are based on tests and calculation models that took into 
account machinery performance, data taken from the sources, and 
characterizations already mentioned. Table 2 shows a summary of the statistics 
and parameters considered in the study. Certain premises are necessary for 
replicating this study and applying it to other comparable isolated environments, 
which contribute positively to enriching it.  

Average waste density values have been taken from the characterizations 
performed, and match the interval corresponding to non-compact waste, as 
described in Bond RG et al. (1972). 

The data point to a capability of extracting 2.3 MW of electricity for the port's 
own self-consumption, generated only from waste not currently recycled, which 
moreover currently incurs financial losses through disposal costs. 
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Table 2 Estimated results of waste treatment according to the flow processed  

Estimate of results according to the data and characterizations carried out 

Waste stream 
Density 
(kg/m3) 

Calorific value 
(Kcal/kg) 

Moisture (%) 
Quantity 

(Tn) 
Marpol V 300 741.19 45% 4,935.14 
Other solid waste from ships 300 741.19 45% 297.02 
Urban Solid Waste (USW) 335 1,258.81 40% 22,012.49 
TOTAL    27.244,65 

Processed flow  Percentage (%) 
Energy 

capacity (MW) 
Quantity 

(Tn) 
Fraction to recycle  30 - 8,173.40 
Fraction to rejection  10 - 2,669.98 
Energy fuel  60 2.30 16,401.27 
TOTAL  100 2.30 27,244.65 
     

However, these results need an extrapolation in two directions. First, and 
following the marked evolution of previous years, it is useful to quantify energy 
savings in a five-year perspective. Second, the study should be extended to at least 
the other provincial capital, Las Palmas de Gran Canaria [Fomento (2018)], where 
the activity of garbage collection in the docks is about three times that of the port 
of Santa Cruz de Tenerife. Hence, with the same calculation assumptions as 
before, the evolution of the energy contribution for self-consumption in a five-year 
interval, the waste that is destined for recovery and the fraction that is recycled in 
each of the provinces, are shown in Figure 5. 

 

 

Fig. 5 Estimated results of waste treatment in both islands, Tenerife (TF) and Gran Canaria 

(GC)  
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4. Conclusions 

Based on the simulated results, several policy recommendations can be 
provided. First, in isolated environments such as the Canary Islands, the 
optimization of waste management can have significant positive effects, not only 
on everything related to environmental pollution, but also on energy policy, 
helping to implement new solutions that allow more sustainable models. 
Additionally, it seems to be a good opportunity to study the peculiarities of the 
isolated systems in more detail, regarding technologies, plans for development in 
small systems and the legislative framework in force. The laws, technology and 
investment levels are lacking appropriate adaptation to these isolated 
environments.  

Second, it is necessary to align the strategic thinking of the Canary Islands 
archipelago in energy and environmental matters with the development of laws so 
that far from penalizing, contribute to attract investments to implement these and 
other measures that help improve the complex energy scheme of isolated electrical 
systems.  
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