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Abstract

The pellet market in Portugal is a developing market where the main producers of wood pellets try to convince the
small-scale buyer that wood pellets are a good alternative as a fuel because energy from them is cost-effective in long-
term use. For this work, data about production, production capacity and consumption in Portugal were collected.
Consumption levels are low since the majority of sales are exports. The different points of pellet production in Portugal
have been located, and a price analysis has been made. To obtain data on the production capacity of the plants and get
referrals from the market, the database Bioraise has been used in order to complement the information raised through
prospecting and inquiries. Although it is noted that the pellet industry in Portugal is a sector in the initial stage of its
development, the potential for growth is high, since internal consumption is low compared to the level of exports to
other countries in which the pellet industry is booming. We conclude that the pellet industry is an important alternative
in the Portuguese energy market due to the competitive price of this fuel compared to traditional fuels.

© 2015 Elsevier Ltd. All rights reserved.
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1. Introduction

Actual society development, providing increasing levels of comfort to the people, inevitably leads to an
increase in energy consumption in all its forms, requiring a constant and permanent supply. This demand
mainly for fossil fuels, traditionally more available and also cheaper, caused a gradual but effective increase
in market prices, making it a key factor for competitiveness between countries, since companies
competitiveness depends on the energy cost [1-2].

This factor directly interferes with the balance of external transactions, giving advantages to countries
or industry sectors that were able to bridge the differential production cost with sustainability measures,
using alternative energy sources, improvements and modernization in production processes and measures

of energy efficiency control [3-4].
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In addition to the direct energy consumption costs, the costs associated with environmental damage
related to fossil fuels consumption are also under the spotlight, mainly those related to greenhouse gases
emissions released into the atmosphere through the combustion of these fuels, especially CO,, as the most
recognized by the public, but the list extends to other, equally or more harmful to the environment and the
health of populations than the aforementioned [5].

Use of wood pellets as a sustainable energy alternative is an effective instrument in the fight against
climate change [6-7]. It represents a positive globalization of wealth and local employment creation. Wood
as a primary energy source responds to available evidence and to a need for energy, especially relevant at
a time of deep economic crisis, which has forced many to rethink future strategies [8].

The most important obstacle in the use of such resources is the high cost of production, supply and
homogenization of use if problems in the various energy conversion technologies are not to be caused [9].

Pelletizing is presented as a key factor for the purpose of overcoming this obstacle, and that is why the
wood pellet production industry has experienced considerable economic growth worldwide. Portugal
experienced this development in wood pellet industry with a substantial growth since 2006, when the first
large wood pellets plant (with more than 100.000 t/y capacity) started operation.

In the case of Portugal, although there are plants throughout the country, most of them are concentrated
north of Lisbon. The majority of the 38% of the Portuguese territory that consists of forestland is located
there. This forestland is divided mainly into 600,000 hectares of Atlantic pine (Pinus pinaster) and 380,000
hectares of eucalyptus (Eucalyptus globulus) [28].

The most widely used raw material is maritime pine (Pinus pinaster), but quantities of eucalyptus
(Eucalyptus globulus) are also processed. In the south of Portugal, another type of pine (Pinus pinea) is
used because it is more abundant in the region. The critical distance beyond which no one wants to obtain
raw material is in the range of 50 to 70 km. Longer distances cause high transportation costs as materials
are always carried by truck, disabling the interest in the process.

Furthermore, the technological development of pellet combustion equipment is growing and becoming
fully automated. Such equipment requires little and or easy maintenance, which makes it very attractive to
the end user, being this one the domestic stove owner or the large industrial steam boiler. In both cases,

many developments were achieved.
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Undoubtedly, this is a great opportunity that countries in southern Europe, like Portugal, should seize,
mainly due to the fact that forest resources are still abundant and if correctly explored can be really
renewable and sustainable, providing a source of energy that will contribute to the development of rural
areas and jobs creation. Table 1 presents the international context of wood pellet production in 2010 with
forecasts for 2015 and 2020 [10].

‘See Table 1 at the end of the manuscript’.

According to this information, Europe is placed first worldwide in terms of wood pellet production and
is even expected to further increase this advantage [11]. As referred wood pellet market has experienced
tremendous growth in recent years. In 2010,the total world production of wood pellets was 14.3 million
tonnes with a consumption 13.5 million tonnes. This represents an increase of more than 110% compared
to 2006 [12].

In 2009, about 670 wood pellet plants were active in Europe, 30% of them with a production smaller
than 10,000 tonnes/year. However, since 2008, the rapid growth in demand has encouraged increases in the
range of several hundred thousand tonnes [13]. Globally, the production capacity of wood pellet plants has
increased: between 2009 and 2011, the global production capacity of the wood pellet industry increased by
22% to 28 million tonnes [14].

The European Union is still the main market for wood pellets and will remain so for several years.
Between 2008 and 2010, the production of wood pellets in Europe increased by 20.5% to 9.2 million tonnes
in 2010, with 61% of the world production. In the same period, consumption of wood pellets in Europe
increased by 43.5%, reaching 11.4 million tonnes in 2010 with 85% of global demand [15]. Table 2 presents
the scenario of wood pellet consumption in 2010 with forecasts for 2015 and 2020.

‘See Table 2 at the end of the manuscript’.

While in Europe the sector is making strides, biomass and biomass for thermal applications [16] is key
in countries like Italy, Germany and Austria. Portugal’s thermal energy use is comparable to the situation
in other Mediterranean countries like Italy, where the pellet market is purely domestic, with over 1.1 million

pellet stoves installed.
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Large plants produce an industrial wood pellet type according to the technical specifications in the
European standard EN 14961 and its updates [17]. Usually, power plants requires an wood pellet of 4-10
mm in diameter with a minimum calorific value of 17 GJ/t, a maximum ash content between 1 and 3%, a

low bulk density of 500 to 600 kg/m® and less than 10% moisture, among other specifications [18].

2. Portuguese wood pellets market

The wood pellet market in Portugal is at an early stage of development as it is not well structured, lacks
domestic consumption and most of the production is exported abroad to northern European countries like
England, Denmark, Belgium or Sweden [10].

The Portuguese pellet market consists of small direct consumers with small and medium peaks in the
winter period from October to April [19]. The main consuming sectors for pellets in Portugal are the
domestic sector and public services and industries with thermal energy needs. This includes large building
heating systems, i.e. bakeries and other similar facilities. In this sector, the largest consumers are mainly
elderly care centres, schools and sports facilities.

Fig. 1 presents an example of a 300 kW, set of boilers used for heating in an elderly care centre located
in the north Portugal. This particular case can be used as an example since this situation may contribute to
cost reduction in other similar cases, and at the same time can be extrapolated to schools, hospitals, or any
other type of service buildings. Table 3 presents the results obtained in this case study.

‘See Fig. 1 at the end of the manuscript’.
‘See Table 3 at the end of the manuscript’.

This situation in particular can be presented as a worst case scenario possible to find, mainly due to the
large amount of extra works needed to allow the installation of new boilers and its connection to the already
existing heating system, very old and obsolete. These extra works increase several times the necessary
investment. In other situations analysed, the necessary investment was found to be, in the majority of the
cases, less than half of the presented here. In this particular case it was not possible to adapt the already
existing equipment due to technical incapacity of those, being replaced for brand new boilers. But even
with these eventualities the investment pay-back period was 2.5 years and it is considered to be acceptable

for this amount of investment.
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More recently, a new group of consumers has emerged. Due to their large thermal energy needs, they
are looking for cheaper and more sustainable forms of energy. This group includes textile dyeing plants,
which are very important for the Portuguese economy [20-21]. An example of a biomass system adapted
to an industrial steam boiler located in a textile dyeing company in north Portugal is presented in Fig. 2,
Fig. 3 and Fig. 4.

‘See Fig. 2 at the end of the manuscript’.
‘See Fig. 3 at the end of the manuscript’.
‘See Fig. 4 at the end of the manuscript’.

The use of biomass as an energy source, renewable-oriented and of national production, presents also
the possibility of exploitation of an endogenous natural resource, not subject to international price
fluctuations due to constraints in the global markets, since it is not dependent on factors connected to
external geopolitical stability, but rather, and only, subject to the laws of supply and demand of the national
market itself.

A recent study [22], conducted in the Portuguese textile dyeing industry, shows that an energy market
designed to provide continuous and permanent thermal energy to the industrial sector in question allows
itself the sustainability of the forestry sector developed for the purpose, since the amounts involved to the
full satisfaction of the needs of a textile dyeing company with a 8 t/h steam boiler are about 5,000 t/y of
wood pellets with a market value of 725,000.00€, as shown in Table 4. The same study concludes that the
replacement of traditional fossil fuels by biomass produces practical effect on direct savings estimated on
18% in the energy costs for textile dyeing companies. The replacement of traditional fossil fuels by biomass
requires that companies undertake changes, or even full replacement of equipment, leading to investment.
Table 5 shows an estimation of the required investment to replace existing steam boilers for a new biomass
equipment, including all peripherals such as solid particles removal cyclones, economizers, fuel silos and
loading system, as well as an estimation of the payback period [22].

‘See Table 4 at the end of the manuscript’.
‘See Table 5 at the end of the manuscript’.

The international economic crisis and the difficulty that companies resort to sources of credit and

financing makes this to be a difficult issue to overcome for many companies and could preclude the

adoption of biomass as an energy source, if there is no support for the energy conversion.
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In Portugal, there are no thermal power plants using wood pellets as fuel and the term ‘district heating’
is not implemented due mainly to the temperate climate that characterizes the country but also because
legislation forcing the repartition of resources in new residential areas has not been implemented. Such
legislation would be beneficial. For example, when a project for a new residential neighbourhood is
presented for approval, it could be mandatory to include a mutual heating system for all the new houses.
This situation should be applied to all new blocks of apartments. With measures like these, the consumption
of pellets would increase rapidly.

Pellet production in Portugal has increased from 2005 to the present, from just a few very small plants
to several large ones in just a few years [23].

The growth in the production rate has seen an exponential increase, especially when considering
production capacity. However, this has not been associated with increased domestic consumption. In fact,
domestic consumption is negligible, although sales of stoves and boilers are increasing.

In the last four years, Portugal reached an installed capacity of more than one million tonnes per year.
There are two different factors in the wood pellet industry in Portugal. First, large factories of over 100,000
tonnes annual capacity are export-oriented and export industrial pellets to large European consumers. These
factories are mainly owned by large energy investors with little or no previous connection to forestry or the
wood industry [24].

Second, medium and small sized wood pellet plants of 4,000 to 50,000 tonnes/year produce wood pellets
as a part of or as a ‘logical’ extension of their production processes because they have direct access to
biomass waste. For example, pallet production plants, sawmills, the furniture industry or the cork industry,
supply their pellet production to the local residential and small industries market [25].

The majority of the production plants, large and small, now operating in Portugal or in commission,
began their activities in the last four years. Rising oil prices and subvention programs for ‘green’ energy in
coal power plants in many European countries have raised the expectation of an interesting business in the

supply of this form of biofuel [26].

3. Materials and methods
To study the current situation of the production of pellets and the market in Portugal, the Bioraise

database has been used [27].
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The data obtained from the Bioraise database were then confirmed through direct contact with wood
pellet producers and, in the majority of cases, with visits to the facilities. In this study were also included
the wood or biomass pellet plants still under construction.

For price information, direct quotations have been obtained from all the producers, and information was

also collected in supermarkets and other retailers.

4. Results and discussion

The wood pellets industry in Portugal consists of 9 plants of large capacity (> 100,000 t/y) and 18 small
or medium plants (< 40,000 t/y) with a total installed production capacity of 1,200,000 t/y. All the large
plants are based on pulpwood or wood chips as the main raw materials, while the small and medium plants
use mostly dry materials. Domestic pellet type production increased steadily from 120,000 t/y in 2006 and
reached 1,200,000 t/y in 2012 [29]. The consumption of wood pellets has grown at a much slower pace and
is estimated to be 150,000 t/y in 2015.

The majority of the wood pellet plants with a production capacity exceeding 100,000 tonnes are located
along a line of 150 km in the districts of Coimbra and Castelo Branco. Table 6 presents the entire list of
active or commissioning wood pellet plants in Portugal.

‘See Table 6 at the end of the manuscript’.

For these figures, wood pellets represent a very small fraction of the energy market in Portugal, yet.
About 10% of the market is for pellet stoves in private households and for industrial boilers, mainly
operating in the textile industry, while 90% is exported in bulk for northern European countries like
Belgium, Sweden or Denmark [30].

The large plants almost exclusively produce industrial type pellets, but almost all have plans to expand
their production lines with the installation of residential type pellets with bagging. The aim is to sell bags
of 15 kg in the domestic and European markets. This would involve bagging lines of up to 800 bags per
hour. Small production plants sell part of their production in Portugal for the domestic home market but
also for small industries, such as bakeries, restaurants, hotels, schools, elderly homes and swimming pools.
As the domestic market is very small, the rest of the production is exported to other European countries in

15 kg bags to be sold in large commercial centres.
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All major national companies focus on exporting pellets because the domestic market cannot absorb the
entire production. The main countries to which Portugal exports its output are the countries of northern
Europe, with main emphasis on England, Denmark and Sweden. The needs of the internal market are
exclusively ensured by domestic production, so that imports are almost non-existent.

To counteract this trend, it is necessary to promote wood pellets and heating equipment, so that the
market can develop in a similar way to the Italian model, for example. To achieve this, the example of
public administration can be a major help to change mentalities.

Boiler replacement, the adjustment of structures for the use of alternative fuels and negotiating supply
and maintenance contracts with private operators could allow municipalities to have more money for other
purposes such as social support, the creation of new infrastructures or the restoration of others.

In Portugal, the selling price of the residential pellet type in supermarkets ranges between 3.5€ to 5€,
including VAT for 15 kg bags. The price of residential pellet types sold in bulk varies between 155€ and
185€, excluding VAT, depending on the type of contract, because may include other services like boiler
maintenance or ashes cleaning, and the quantities supplied. As for industrial pellet types sold in bulk for
export, the price varies between 125€ and 160€, depending on the quantity, quality and calorific value.

Table 7 allows comparing the most common fuels used in Portugal for domestic and industrial
applications, mainly for heating purposes, since in Portugal due to low feed-in-tariff for energy production
it is not yet financially attractive, by opposition to what happens for example in England where, due to a
feed-in-tariff of £105/MWh, (approximately 148 €/ MWh), it is highly compensatory to produce electric
energy from biomass and the conversion of coal-fuelled power plants to solely biomass burning units is
already a reality [31]. In Portugal, for existing biomass plants, the indicative average rate is € 119 per MWh,
[32]. With such a feed-in-tariff it is not possible to promote the use of wood pellets to energy production,
comparing to other countries where it is more attractive to export national wood pellets production.

‘See Table 7 at the end of the manuscript’.
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5. Conclusions

Solid biomass, and in particular wood pellets, has become the most competitive fuel for the end user.
According to projections for Portugal and other European countries, wood pellets represent a stable and
cheap energy alternative. This motivates the development of the use of biomass for thermal energy. In
conclusion, it can be stated that the industry of wood pellet production in Portugal is a young industry still
to be explored. Due to the competitive price of wood pellets compared to other traditional fuels, the pellets
are an important alternative in the energy market, especially compared to thermal energy production.
Concerning energy production, it is not yet interesting due to the low feed-in-tariff in practice in Portugal.
The average rate of 119 €/ MWh. is much lower than the 148 €/ MWhe in practice in England, for example.
Due to this difference it is still preferable to national wood pellets producers to export to North European

countries.

Acknowledgements

This work was supported by FEDER funds (European Union) through COMPETE and by Portuguese
funds through FCT, wunder Projects FCOMP-01-0124-FEDER-020282 (Ref. PTDC/EEA-
EEL/118519/2010) and UID/CEC/50021/2013. The research leading to these results has also received

funding from the EU Seventh Framework Programme FP7/2007-2013 under grant agreement no. 309048.

References

[11 van Duren, 1., Voinov, A., Arodudu, O., Firrisa, M.T. "Where to produce rapeseed biodiesel and why? Mapping
European rapeseed energy efficiency." Renewable Energy 74 (2015): 49-59.

[2] Song, J., Song, S.J., Oh, S.-D., Yoo, Y. "Evaluation of potential fossil fuel conservation by the renewable heat
obligation in Korea." Renewable Energy 79 (2015): 140-149.

[3] Ossai, C.I., Boswell, B., Davies, 1.J. "Sustainable asset integrity management: Strategic imperatives for economic
renewable energy generation." Renewable Energy 67 (2014): 143-152.

[4] Rizzi, F., van Eck, N.J., Frey, M. "The production of scientific knowledge on renewable energies: Worldwide
trends, dynamics and challenges and implications for management." Renewable Energy 62 (2014): 657-671.

[51 Li, Y.P., Huang, G.H., Li, M.W. "An integrated optimization modeling approach for planning emission trading

and clean-energy development under uncertainty." Renewable Energy 62 (2014): 31-46.



273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303

(6]

(7]

(8]

[9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

10

B. Mola-Yudego, M. Selkimiki, J.R. Gonzalez-Olabarria. “Spatial analysis of the wood pellet production for
energy in Europe.” Renewable Energy, 63 (2014): 76-83.

Sgarbossa, A., Costa, C., Menesatti, P., Antonucci, F., Pallottino, F., Zanetti, M., Grigolato, S., Cavalli, R.
“A multivariate SIMCA index as discriminant in wood pellet quality assessment.” Renewable Energy, 76 (2015):
258-263.

M., Brian Vad, H. Lund, and K. Karlsson. “100% Renewable energy systems, climate mitigation and economic
growth.” Applied Energy 88.2 (2011): 488—501.

Bishop, Justin D. K., et al. “Identifying the fuels and energy conversion technologies necessary to meet European
passenger car emissions legislation to 2020.” Fuel 99 (2012): 88-105.

Sikkema, Richard, et al. “The European wood pellet markets: current status and prospects for 2020.” Biofuels,
Bioproducts and Biorefining 5.3 (2011): 250-278.

V., Chrystelle, and Y. Ryckmans. “Industrial wood pellets report.”’ENplus http://www. enpluspellets. eu/wp-
content/uploads/2012/04/Industrial-pellets-report_PellCert 2012 secured. pdf (2012).

Goh, Chun Sheng, et al. “Wood pellet market and trade: a global perspective.” Biofuels, Bioproducts and
Biorefining 7.1 (2013): 24-42.

Miguez, J. L., et al. “Review of technology in small-scale biomass combustion systems in the European market.”
Renewable and Sustainable Energy Reviews 16.6 (2012): 3867-3875.

Alakangas, E., et al. “EUBIONET III—Solutions to biomass trade and market barriers.” Renewable and
Sustainable Energy Reviews 16.6 (2012): 4277-4290.

Goh, Chun Sheng, H. M. Junginger, and L. Goovaerts. “Monitoring sustainability certification of bioenergy:
impacts of sustainability certification on bioenergy markets and trade.” IEA Bioenergy (2013): 1-61.

Nunes, L.J.R.,J.C.O. Matias, and J.P.S. Catalao. “Mixed biomass pellets for thermal energy production: A review
of combustion models.” Applied Energy 127 (2014): 135-140.

Doring, Stefan. “Fuel quality requirements.” Power from Pellets. Springer Berlin Heidelberg, 2013. 61-69.
Cavalli, R., et al. “Woodchips quality: the new UNI standards and their application.” Sherwood-
ForesteedAlberiOggil79 (2011): 37-41.

Jotzo, Frank, et al. “Decomposing the 2010 global carbon dioxide emissions rebound.” Nature Climate Change
2.4 (2012): 213-214.

Nunes, LJ.R., J.C.O. Matias, and J.P.S. Catalao. “Application of biomass for the production of energy in the
Portuguese textile industry.” Renewable Energy Research and Applications (ICRERA), 2013 International

Conference on. IEEE, (2013).


http://www.

304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

11

Nunes, L.J.R.,J.C.O. Matias, and J.P.S. Catalao. “Economic evaluation and experimental setup of biomass energy
as sustainable alternative for textile industry.” Power Engineering Conference (UPEC), 2013 48th International
Universities.” IEEE, 2013.

Nunes, L.J.R., J.C.O. Matias, and J.P.S. Catalao, "Analysis of the use of biomass as an energy alternative for the
Portuguese textile dyeing industry", Energy, 84 (2015): 503-508.

Piivinen, R., et al. “A concept for assessing sustainability impacts of forestry-wood chains.” European Journal
of Forest Research 131.1 (2012): 7-19.

Fernandes, U., and M. Costa. “Potential of biomass residues for energy production and utilization in a region of
Portugal.” Biomass and Bioenergy 34.5 (2010): 661-666.

Ferreira, Pedro T., Manuel E. Ferreira, and Jos¢ C. Teixeira. “Analysis of industrial waste in wood pellets and
co-combustion products.” Waste and Biomass Valorization (2013): 1-14.

Garcia-Maraver, A., et al. “Relationship between fuel quality and gaseous and particulate matter emissions in a
domestic pellet-fired boiler.” Fuel 119 (2014): 141-152.

S., Nicolae, J. Dallemand, and M. Banja. “Possible impact of 2020 bioenergy targets on European Union land
use:a scenario-based assessment from national renewable energy action plans proposals.” Renewable and
Sustainable Energy Reviews 18 (2013): 595-606.

P. Pablo, A. J. Gutiérrez-Trashorras, and J. Xiberta-Bernat. “Energy potential of residues from wood
transformation industry in the central metropolitan area of the Principality of Asturias (northwest Spain).” Waste
Management & Research 32.3 (2014): 241-244.

R., Francisco, G. Louro, and L. Constantino. “The impact of changing wildfire regimes on wood availability from
Portuguese forests.” Forest Policy and Economics 29 (2013): 56-61.

L.J.R. Nunes, J.C.O. Matias, J.P.S. Cataldo, "Economic and sustainability comparative study of wood pellets
production in Portugal, Germany and Sweden", in: Proceedings of the International Conference on Renewable
Energies and Power Quality — ICREPQ’ 14, Cordoba, Spain, CD-R, 8-10 April, 2014.

Zakeri, Behnam, Samuli Rinne, and Sanna Syri. "Wind Integration into Energy Systems with a High Share of
Nuclear Power—What Are the Compromises?." Energies 8.4 (2015): 2493-2527.

Santos, Jodo M., Pedro S. Moura, and Anibal T. de Almeida. "Technical and economic impact of residential

electricity storage at local and grid level for Portugal." Applied Energy 128 (2014): 254-264.



332
333

333

336
337

338

340

12

Figure captions

Fig. 1. Example of a heating system in an elderly care centre in north Portugal, composed of two 150 kW, boilers.

Fig. 2. Biomass system in a textile dyeing plant in north Portugal —wood pellet storage.
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Fig. 4. Biomass system in a textile dyeing plant in north Portugal — steam boiler.
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350 Tables
351
352  Table 1.

353 Wood pellets production (x1,000,000 t/y) in 2010 and forecasts for 2015 and 2020 (adapted from [10]).
354

Regions 2010 2015 2020
North America 4.9 8.5 11.0
South America 0.1 3.0 4.4
Western Europe 7.7 10.7 13.0
Eastern Europe 2.2 2.8 33
Russia 0.6 1.4 1.6
Japan & Korea 0.1 0.4 1.1
China 0.6 3.0 10.0
Oceania 0.2 0.4 0.8
355
356  Table2.

357 Wood pellets consumption (x1,000,000 t/y) in 2010 and forecasts for 2015 and 2020 (adapted from [10]).
358

Regions 2010 2015 2020
North America 3.4 4.3 5.6
South America 0.05 0.12 0.20
Western Europe 10.8 16.4 23.8
Eastern Europe 0.4 0.6 0.8
Russia 0.03 0.05 0.05
Japan & Korea 0.2 3.0 5.5
China 0.6 3.0 10.0
Oceania 0.03 0.06 0.13
359
360  Table3.
361 Investment pay-back.
362
Previous annual propane Investment in Actual wood pellets  Investment
gas consumption biomass boiler consumption pay-back
45,000 €/y 80,000 € 14,000 €/y 2.5 years
* The average market price of propane gas used in the study was 1.75 €/kgand a LHV of 12.86 kW/kg.
** This investment corresponds to the full replacement of the equipment.
*+* The average market price of wood pellets used in the study was 0.22 €/kg and a LHV of 5 kW/kg. This price includes
transportation and boiler cleaning and maintenance.
363

364
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365  Table4.
366 Estimated annual average values of wood pellets consumption (adapted from [22]).
367
Annual average
Wood pellets consumption (11 months)
Natural gas Wood pellets
Fuel consumption on steam production
(corresponding to 60% of total energy consumption 1,925,000 m? 5,000,000 kg
in the industrial unit)
Steam production costs 825,000€ 725,000€
kWhy, costs 0.034 €/kWhy, 0.030 €/kWhy,
368
369
370 Table 5.
371 Investment needs for the replacement of steam boilers and payback period estimation.
372
Steam production Payback estimation [22]
Investment
boiler capacity »

5t/h 350,000€ 2.8

10 t/h 700,000€ 3.2

15 t/h 1,000,000€ 3.6

373



374  Table6.

375 List of the active or commissioning wood pellet or biomass pellet plants in Portugal.
376
Wood or biomass pellet plants Location Capacity (kg/y)
ADL Celorico de Basto 20.000
AFS * Oliveira de Azeméis 100.000
Biobranco I1 Vila Velha de Rodao 50.000
Biomad Guimardes 5.000
Briquetes Raro Vila Nova de Gaia 10.000
Castro & Filhos Guimardes 5.000
CMC Biomassa Alcobaga 10.000
Douropellets Lamego 10.000
Enermontijo Pegdes 120.000
Enerpellets Pegrogdo Grande 150.000
Fourpellets Barcelos 5.000
Glowood Cercal do Alentejo 50.000
JAF/Nova Lenha Oleiros 80.000
Jungle Power Lousada 120.000
Melpellets Melgago 5.000
Nicepellets IThavo 5.000
Omnipellets Leiria 40.000
Pellets Power Mortagua 100.000
Pellets Power 2 Alcécer do Sal 100.000
Pelletsfirst Alcobaga 120.000
Pinewells Arganil 120.000
Sol Total Coimbra 10.000
Stellep Chaves 40.000
Tecpellets Pévoa de Varzim 100.000
Thermowall IT Braga 5.000
Vimasol Celorico de Basto 10.000
XPZ Esposende 5.000
YGE* Oliveira de Azeméis 5.000

* Torrefied biomass pellets
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Table 7.

17

Comparison between the most common fuels used in Portugal.

. Average price 2015
LHV ©
Fuel Domestic Industrial
(kWh)
market market
Wood pellets 4.97 0.035 €/kWh 0.030 €/kWh
Natural gas 9.16 0.079 €/kWh 0.034 €/kWh
Heating diesel 7.90 0.141 €/kWh -
Propane gas 11.20 0.349 €/kWh 0.121 €/kWh
Thin fuel oil 11.39 - 0.067 €/kWh

LHV — Low Heating Value in kWh.



