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Abstract: - The use of renewable energy sources is becoming increasingly necessary, if we are to achieve the 
changes required to address the impacts of global warming. Biomass is the most common form of renewable 
energy, widely used in the third world but until recently, less so in the Western world. Latterly much attention 
has been focused on identifying suitable biomass species, which can provide high-energy outputs, to replace 
conventional fossil fuel energy sources. The type of biomass required is largely determined by the energy 
conversion process and the form in which the energy is required. The potential of reclaimed land of mines to 
act as a biofuel source, providing fuel to supplement conventional power stations, is examined, together with 
the replacement of fuels in gas or diesel boilers for the production of thermal energy. 
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1 Introduction 
Solid and gaseous biomass –particularly wood and 
wood waste1– used for electricity, heating and 
cooling production is the biggest source of 
renewable energy in the EU and is expected to make 
a key contribution to the 20% EU renewable energy 
target by 2020. Sustainable biomass can play an 
important role in helping to address concerns about 
climate change and security of energy supply, while 
contributing to economic growth and employment, 
particularly in rural areas.  

Dedicated SRC energy crops, such as poplar 
(Populus spp.) and willow (Salix spp.), are grown 
commercially for heat and power generation as a 
consequence of their rapid growth rate and 
favourable energy ratio. Provided local markets 
exist, SRC offers growers the chance to diversify 
into nonfood crops and, when planted in place of 
conventional arable agriculture, has secondary 
benefits including enhanced biological diversity 
(Rowe et al., 2008). However, the main importance 
of such crops is their intrinsic value as a renewable 
energy resource. Greenhouse gas emissions are 
abated as a consequence of reduced fossil fuel 

inputs and increased carbon sequestration, when 
compared with traditional crop systems (Lemus & 
Lal, 2005; Galbraith et al., 2006; Sims et al., 2006). 
Whilst species vary, each oven-dry tonne (odt) of 
energy crop converted to electricity displaces 
approx. 0.44 toe (tonnes of oil equivalent) (Bauen, 
2001; Cannell, 2003; St Clair et al., 2007). 

Poplars (Populus spp.) grown under a short-rotation 
coppice (SRC) regime have been extensively 
studied in function of bioenergy production [1-6]. 
Decades-long research has led to a solid expertise in 
many countries and practical experience on growing 
poplar at high densities (i.e. _5000 cuttings per 
hectare) has been translated in best practice 
guidelines. Yet, the environmental impacts and 
economic feasibility of SRC as an alternative energy 
source to fossil fuels are still under debate [7-10]. 
The environmental impacts and energy balance of 
dense poplar plantations are evaluated through life 
cycle assessment (LCA), although a widely 
accepted and uniform methodological approach is 
lacking thus far [11]. The economic viability is 
assessed by means of life cycle cost and by financial 
models considering the costs and benefits over the 
entire lifetime of the plantation. 
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Shorter rotation cycles allow higher planting 
densities and thus, higher biomass yields per unit 
land area. Coppicing usually stimulates spring re-
growth and apparently avoids replanting costs. 
When rotation lengths are too short for a given 
species or genotype, re-growth may be hindered by 
depletion of the carbohydrate reserves primarily 
stored in the root system [5]. A recent study 
covering 12 years of poplar SRC in North Italy 
investigated the effect of 1-, 2- and 3-year harvest 
cycles on biomass potential of the commonly used 
Populus deltoides Bartr. clone Lux. Under the 
annual harvesting scheme, most poplar stools were 
soon exhausted and did not survive the seventh year. 
On the other hand, highest survival rates and 
maximum productivity were ascertained in plots 
with a 3-year harvest cycle. For many years, poplars 
have been in the first place selected for single-stem 
growth and straight stem form in traditional 
breeding and selection programmes. As a result, 
several commercially available poplar clones may 
not withstand frequent harvesting or short-rotation 
cycles without a decrease in productivity or in 
resprout capacity 

 
2 Surface coal mining restoration 
Most surface mining methods are large scale, 
involving removal of massive volumes of material, 
including overburden, to extract the mineral deposit. 
Large amounts of waste can be produced in the 
process. Surface mining also can cause noise and 
disturbance, leave scars on the landscape and may 
pollute the air with dust [4]. Therefore, it is not only 
crucial to have a detailed understanding of the pre-
mining environment, but also important to 
apprehend the utilized mining method in order to 
plan a meaningful surface rehabilitation, wherever 
possible [5]. The process of removing, storing and 
subsequently replacing the soil during the mining 
activity lead to potential problems in relation to 
subsequent restoration. In this respect, a major 
distinction should be drawn between those sites 
where, for operational reasons, soil has to be stored 
for a period of years while the mining progresses, 
and those, usually larger, sites where a progressive 
system of restoration can be practiced [6]. The 
negative impacts of surface mining on environment 
can be listed as the following [7]: 

• Occupation of large farming areas needed 
for excavation and dumping operations, 

• Alteration of land morphology, 
• Disturbance of native fauna and flora, 
• Modification of surface and ground water 

balance, 

• Resettlement of residential areas, roads and 
railways, 

• Release of air, liquid and solid pollutants 
and noise pollution. 

It’s crucial to make a mine disturbed land 
environmentally stable in order to transfer an 
unpolluted environment and natural resources to the 
next generations. However, when a demolished land 
is left with its own, it may take years and years to 
recover and reach an ecological balance. During this 
period, these types of lands need human hand for 
reclamation and recovery. Therefore, post-mining 
reclamation works are those aiming to regain 
landscape’s fertility, its ecologic, economic and 
esthetic values [8]. 

  Figure 1. Open pit coal mine. Exploitation phase.  

 
Figure 2. Restoration phase 

 
On the other hand, through productive restoration, 
short-term restored land is valued by planting fast-
growing energy crops. With this type of crops, much 
higher growth is achieved and by applying shorter 
cutting shifts, economic benefits are obtained from 
the first years using the biofuels obtained for the 
production of energy. Although the initial 
investment is higher in the case of productive 
restoration, the profitability is much higher than in 
the case of environmental restoration. 
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3 Material and Methods 
In 2008 research began on a restored surface of old 
mining operations with an extension of 7.5 ha that 
were planted with forest energy crops using 
different clones of poplar, willow and birch. In total, 
3 trials were carried out in different recovery areas. 

Figure 3. Plantations in restored mining areas. 
Poplar Trial 

 
Figure 4. Measurement of the height of the trees. 

 
4.1 Location of the study area 
The study area is characterized by an average annual 
temperature of 13°C and an average annual 
precipitation of 1,115 mm, of which 345 mm falls 
during the growing season (May– September). The 
climate is oceanic with high annual precipitation 
and, although summer precipitation is relatively low 
in some areas, physiological drought does not occur 
in any part of the region, which is located entirely 
within the European Biogeographic Atlantic Region 
[12]. 

4.2 Experimental design 
In the winter of 2008, the surface was subsoiled, 
plowed to a depth of 30–40 cm, and harrowed 
before the poplar cuttings were planted. Three 
commercially available poplar clones were chosen 
for the study because of their adaptability to extreme 

soil conditions (e.g., nutrient poor and polluted 
soils) and because they display good structural 
attributes and yield capacities for biomass 
production in SRC [13]. The cuttings were planted 
according to a double row planting design, leaving a 
distance of 0.75mbetween each set of double rows, a 
distance of 1.5 m to the next set of double rows, and 
a distance between plants of 0.9 m (10,000 plants 
ha−1) or 0.6 m (15,000 plants ha−1) to provide two 
stocking levels (Figure 5). 

Figure 5. Diagram of the planting designs used in 
the trial 

 
Soil formation is at an early stage and the soil 
structure is still unstable. The steep slopes of the 
terrain minimize groundwater effects. The 
physiography of the plots was characterized by a 
mean slope of 19% and an elevation ranging from 
508 to 597 m above sea level. 

The first of the plantations was carried out in 2008, 
the factors to be studied in this first trial were: the 
type of clone, the density of plantation and the 
treatment (F0=Control F1=300 kg ha-1 NPK 6:20:12 
and 4 l ha-1 glyphosate, F2 = 600 kg ha-1 NPK 
6:20:12 and 4 l ha-1 glyphosate). 

The amounts of fertilizer to be used were chosen in 
view of the results obtained in the soil analysis prior 
to planting, taking into account the maximum 
amount of nitrogen allowed to be applied in 
vulnerable areas, which is 170 Mg ha-1. 

The information regarding the growth was obtained 
following the protocol described by the Forestry 
Commission [14] for the data collection in willow 
and poplar plantations in short rotations. According 
to their indications, the number of shoots per strain, 
the height of each one of the shoots (m) and the 
basal diameters (at 0.25 m from the ground) and 
normal (at 1.30 m) of all of them were measured. 
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5 Results 
The results of biofuel production reflect 
encouraging figures for some of the crops that have 
been tested, reaching productions even higher than 
those obtained by native species in natural soils in 
the vicinity of the restored lands.  

Figure 6 shows the results obtained, with maximum 
productions reached of 95 t/ha of wet biomass for 
poplar clones AF2 (populus x canadensis), with a 
level of fertilization F2, of 600 kg ha-1 NPK. After 
five years of growth, the annual productions are of 
19 t ha-1 year -1.        

Figure 6. Biofuels production from poplar clones 

 
In addition to the annual productions, samples have 
also been analyzed to know their properties. Table 1 
shows the laboratory results, including the calorific 
value of the biofuel obtained on dry basis. 

Table 1. Biofuels analysis   
Parameter Biofuel 
Immediate analysis (% d.b.)   

Humidity 11.25 
Ash 1.3 

Volatile matter 82.82 
CF 15.98 

Elemental analysis (% d.b.)   
C 49.76 

Humidity  5.99 
N 0.58 
S 0.03 
O 42.34 

HCV (kcal/kg, dry basis) 4,673 
LCV (kcal/kg, dry basis) 4,379 

The use of the biofuels produced will be destined to 
the production of energy. After five years  of 
growth, the plantation was harvested for the first 
time. Depending on the slope of the land in which 
the plantation is located, this cut could be 
mechanized, assuming a reduction in costs. The 
processed material is extracted from the forest and 

transported to a stock for a while, producing the 
natural drying of the biomass.  

According to the tests that have been carried out, in 
the North of Spain humidity drops up to 35%. When 
the required percentage of humidity has been 
reached, the forest biomass will be chipped, which 
would be ready for use as a biofuel. Table 2 
summarizes the production of thermal and electrical 
energy from the fuels that have been obtained. 

With the amounts of forestry biomass that have been 
obtained, the production of thermal energy is 
242,903.98 kWht ha-1, which if we convert it into 
annual production, after five years of growth, the 
energy production would be 48,580.80 kWht ha-1 
year-1. The production of electrical energy is 
14.574,24 kWhe ha-1 year-1. The electric power 
would be 1.94 kW per hectare of land. 

Table 2. Heat and power production per hectare 

Heat and power production 
Biomass production (t ha-1) 95 
Humidity (%) 43.00 
Humidity dry (%) 35 
LCV (kcal/kg) 2,200.00 
Energy production (Wht kg-1) 2,556.88 
Energy production (kWht ha-1) 242,903.98 
Heat production (kWht ha-1 year -1) 48,580.80 
Electric Efficiency (%) 30 
Power production (kWhe ha-1 year -1) 14,574.24 
Availability (h year -1) 7,500 
Electrical Power (kWe ha-1) 1.94 

Due to the resprouting capacity of the poplar species 
with which we have worked, the initial investment 
of the plantation would only need to be carried out 
at the beginning of the project. Short rotation energy 
crops on degraded soils costs around 3.640 €/ha, and 
the main costs are shown in the Figure 7. 

Figure 7. Cost summary 
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6 Conclusions 
The exploitation of coal in open pit mines in the 
North of Spain has occupied large areas of land. The 
restoration of mining operations is an obligatory 
activity for mining companies according to current 
legislation. The impacts derived from the mining 
activity must be corrected in the final phase of 
restoration, returning the landscape to an aspect 
similar to the original one, prior to the mining 
exploitation. 

The soils generated in the restoration present 
extreme conditions (e.g., nutrient poor and polluted 
soils) for their use for the production of forest 
biomass, so it is essential to search for new species 
that adapt to the conditions of the environment. 

The restored lands can be used for the production of 
biofuels through repopulation with fast-growing 
energy crops and high planting densities. The 
productions obtained for some poplar clones, such 
as AF2 (populus x canadensis), exceed in most 
cases the productions that are being achieved by 
native species in natural soils in the areas close to 
the plots that have been studied. 

In addition to the production of renewable energy 
and capture of CO2 emissions, this activity involves 
the generation of a new economic activity in 
abandoned land and the creation of jobs in 
depressed areas due to the closure of mining 
operations. 

 
Acknowledgements  
This work was funded by the Hunosa Group coal 
mining company. The authors acknowledge the 
helpful co-operation of staff from Hunosa Group in 
this study. 
 
References: 
[1] Ceulemans R, Deraedt W. Production 

physiology and growth potential of poplars 
under short-rotation forestry culture. Forest 
Ecol Manag 1999;121:9. 

[2] Kauter D, Lewandowski I, Claupein W. 
Quantity and quality of harvestable biomass 
from Populus short-rotation coppice for solid 
fuel use e a review of the physiological basis 
and management influences. Biomass Bioenerg 
2003;24:411. 

[3] Keoleian GA, Volk TA (2005) Renewable 
energy from willow biomass crops: life cycle 
energy, environmental and economic 
performance. CRC Crit Rev Plant Sci 24:385–

406. https://doi.org/10.1080/ 
07352680500316334 

[4] Kuzovkina YA, Quigley MF (2005) Willows 
beyond wetlands: uses of Salix L. species for 
environmental projects. Water Air Soil Pollut 
162:183–204. https://doi.org/10.1007/s11270-
005-6272-5 

[5] Laureysens I, Bogaert J, Blust R, Ceulemans R. 
Biomass production of 17 poplar clones in a 
short-rotation coppice culture on a waste 
disposal site and its relation to soil 
characteristics. Forest Ecol Manag 
2004;187:295. 

[6] Dickmann DI. Silviculture and biology of 
short-rotation woody crops in temperate 
regions: then and now. Biomass Bioenerg 
2006;30:696. 

[7] Karp A, Shield I. Bioenergy from plants and 
the sustainable yield challenge. New Phytol 
2008;179:15. 

[8] Al Afas N, Marron N, Van Dongen S, 
Laureysens I, Ceulemans R. Dynamics of 
biomass production in a poplar coppice culture 
over three rotations (11 years). Forest Ecol 
Manag 2008;255:1883. 

[9] Searchinger T, Heimlich R, Houghton RA, 
Dong FX, Elobeid A, Fabiosa J, et al. Use of 
US croplands for biofuels increases greenhouse 
gases through emissions from land-use change. 
Science 2008;319:1238. 

[10] Tilman D, Socolow R, Foley JA, Hill J, Larson 
E, Lynd L, et al. Beneficial biofuels e the food, 
energy, and environment trilemma. Science 
2009;325:270. 

[11] Gasol CM, Brun F, Mosso A, Rieradevall J, 
Gabarrell X. Economic assessment and 
comparison of acacia energy crop with annual 
traditional crops in Southern Europe. Energy 
Policy 2010;38:592. 

[12] EEA (2011) Biogeographical regions. 
European Environment Agency, Copenhagen 
[online] 
URL:http://www.eea.europa.eu/dataandmaps/ 
data/biogeographical-regions-europe-1 

[13] Keoleian GA, Volk TA (2005) Renewable 
energy from willow biomass crops: life cycle 
energy, environmental and economic 
performance. CRC Crit Rev Plant Sci 24:385–
406.https://doi.org/10.1080/073526805003163
34. 

[14] Forestry Commission; 2003. Mensurational 
variables protocol. In: Yield Models for Energy 
Coppice of Poplar and Willow. Forestry 
Commission, Ae. 14. 

 

Javier Menéndez, Jorge Loredo
International Journal of Renewable Energy Sources 

http://www.iaras.org/iaras/journals/ijres

ISSN: 2367-9123 5 Volume 3, 2018

https://doi.org/10.1080/
https://doi.org/10.1007/s11270-005-6272-5
https://doi.org/10.1007/s11270-005-6272-5
http://www.eea.europa.eu/dataandmaps/
https://doi.org/10.1080/



