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Abstract—An electric 20 MW generating plant has been 

installed in northern Italy (Lombardy region) since 2010. Due to 

connection rules the plant is connected to the national 

transmission system at 132 kV. The biomass chosen as a fuel of 

the generating plant is mainly poplar chip which is produced in 

different areas at a distance less than 70 km in order to limit 

their environmental impact because of transportation and 

related emissions and to benefits of the Italian incentives 

schemes related to the so called “short supply chain”. 

The paper will illustrate the basic idea and the most 

significant elements of the plant; its operative results obtained 

in the last 4 years are also discussed together to the plant 

emissions.  

A particular attention is spent to analyze the biomass 

composition and cost which make the plant operating life 

sustainable by the environment and economic point of view. 

According to the design stage, the electric energy produced by 

the plant is kept as near as possible to its rated value so that a 

suitable policy of biomass acquisition, storage and maintenance 

must be applied. 

A suitable GIS tool has also been used to compare the 

biomass use of the plant and a possible management of 

Lombardy region in order to better maintain the wooded area 

within a stated extension (70 km maximum distance from the 

plant). 

 
Index Terms—Biomass generation plant, biomass availability 

by GIS analysis, Italian case study, sustainable short supply 

chain. 

 

I. INTRODUCTION 

Energy production is one of the most important future 

challenges for human societies. In fact, energy production of 

conventional power plants fueled by fossil fuel has 

significantly increased the pollution level in Europe as well 

as in the rest of the world. The increase of renewable and 

local energy sources can lead a reduction in greenhouse gas 

(GHG) emissions in European Union (EU) Member States [1] 

and bioenergy systems can contribute to climate change 

mitigation if they replace traditional fossil fuel use and if 

bioenergy production emissions are kept low [2]. For this 

reason, energy production of renewable energy sources (RES) 

is playing an essential role in European strategies [3].  

The interest into renewable energy sources in Europe has 

grown in recent decades and a specific focus on forest 
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biomass usage for energy purpose has been recently 

highlighted in the energy policy of EU [4]. Forest ecosystems 

are recognized as important elements of the global carbon 

cycle as well as the cycle of other greenhouse gases (GHG) 

that are believed to considerably affect climate [5]. 

Furthermore, to preserve natural resources for future 

generations, forest biomass harvests must be conducted in a 

sustainable forest management framework [6]. 

According to the European context, this paper intends to 

present the main results from the energy and environmental 

point of view of an existing biomass power plant located in 

the northern part of Italy. The results will highlight that the 

pollutant emission of the biomass plant can be effectively 

kept lower than the national and the regional standard limits 

thanks to the available technology installed in the plant. 

Moreover, some details about economic benefits for the area 

close to the power plant will be briefly discussed and 

presented.  

Particular attention will be given to the incentive scheme 

presently available for biomass plant with a ―short supply 

chain‖ in the Italian context [7]. This benefit can in fact 

support the economic sustainability of the plant when the 

wood chips or raw materials derives from an area within of 

70km of radius far from the plant location. So, as discussed in 

the literature [8], [9], a Geographical Information System 

(GIS) analysis is performed to investigate the potential 

biomass available from the ―short supply chain‖ point of 

view. The results are compared to the present biomass usage 

to verify possible compliancy with the present management. 

 

II. BIOLEVANO POWER PLANT 

A. Plant Layout and Energy/Emissions Performances 

The power plant presented in this paper (see Fig. 1) is 

located in the northern part of Italy. The initiative for 

installing a power plant based on renewable sources was born 

in 2005 to take advantage of the opportunities arising from 

the development of fast-growing biomass energy (Short 

Rotation Forestry – SRF) chain incentivized by the 

Lombardy Region’s specific plan. After the formal 

authorization process and the commissioning, the 

commercial operation of the plant and its electricity 

generation starts on September 2012 with an installed 

capacity of 20MW.  

The plant operation is based on a mixture of wood chips 

mainly composed by poplar coming from a local supply chain, 

where the average wet content is about 47.5%. The 

composition of this mixture is crucial to ensure an adequate 

Lower Heating Value of the biomass fuel to reach the 

expected temperature in the furnace and consequently to 
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reduce pollutants emission. For this reason, the biomass 

acquired by the local supply chain from different sources is 

subjected to a daily check capable, for example, to measure 

the average moisture content in the wood and consequently to 

identify the best composition of the mixture. 

 

 
Fig. 1. Layout of the biomass power plant. 

 

A storage capacity of about 7 days in form of trunk trees 

was also planned to ensure continuity in energy generation 

during seasonal variation of poplar availability. So, a wood 

chipper is also installed to convert trunk in wood chips. 

The wood chip used for supplying the plant undergoes a 

mechanical treatment and a successive electromagnetic 

operation to eliminate ferrous impurities before entering in 

the furnace. Both treatments allow to improve the 

performance of the furnace’s combustion and consequently 

to increase the energy generation. The chips combustion at 

approximatively 950˚C produces heat for the generation of 

steam which supplies a turbine coupled to a Medium Voltage 

(MV) synchronous generator.  

Table I shows the main indicators of energy performance 

obtained by the power plant during its four years’ commercial 

operation. The yearly electricity production of the plant 

increased of 25% passing from around 114GWh in 2013 to 

around 140-142GWh in 2015 and 2016. On the contrary, the 

corresponding demand of wood chips slightly decreased from 

242kt in 2013 to 237kt in 2016. Therefore, the energy 

efficiency of the whole system significantly increased from 

17% of 2013 to 25% of 2016. These results highlight as the 

first two years were needed to set up the plant operation and 

to define the suitable mixture of woody biomass capable to 

ensure higher production and overall efficiency. 

Consequently, the present number of operating hour is close 

to 8350 reflecting a quasi-constant plant operation for the 

whole year.  

 
TABLE I: ENERGY PERFORMANCES OF BIOMASS POWER PLANT 

 Electricity 

Production 

(MWh) 

Biomass 

Consumption 

(t) 

Overall  

Efficiency 

(%) 

2013 114238.1 242993.0 17.0 

2014 127174.7 246547.6 20.6 

2015 140679.3 237548.0 22.5 

2016 142616.2 237569.8 25.1 

 

The exhaust gases produced during the combustion are 

then treated in different subsequently steps capable to reduce 

the pollutants emission under the limits imposed by the 

national and local authorities.  

In particular, the emission levels required for this power 

plant are significantly lower than the required national limits 

and the emission of the Best Available Technology (BAT) in 

Europe. Table II shows the comparison between the emission 

limits of the plant and the calculated daily average emission 

for different pollutants. It is noticeable that, for the measured 

pollutants at the stack in 2016, the corresponding emission 

level are lower than the required limits. This condition 

reflects the relevant capacity of the plant to reduce the 

pollutant emissions and to ensure a sustainable energy 

production. 

 
TABLE II: EMISSION PERFORMANCES OF BIOMASS POWER PLANT @11% O2 

 PM 

(mg/m3) 

HCI 

(mg/m3) 

NOx 

(mg/m3) 

SOx 

(mg/m3) 

Legislative Decree 152/06 33 30 267 133 

Deliberation n.VII/6501 All.C 50 n.a. 450 1700 

Reference EC BAT 3-13 25 113-167 <33 

Authorized emission levels 5 10 80 10 

Average measured emission levels 0.06 0.11 30.7 0.06 

 

B. Local Area Benefits 

The power station has involved infrastructural 

construction/expansion in the local area which contributes to 

increase and to create benefits for the people living in its 

proximity. The benefits for the Olevano community and the 

artisan/industrial area were planned according to the Olevano 

Municipality and they can be briefly summarized, as follows: 

• extension and strengthening of the natural gas network  

• development of the electricity transmission and 

distribution network 

• extension of the potable water supply system 

• extension of the sewerage network 

• environment monitoring station 

• extension of the provincial road connecting Olevano 

with Lomellina and State Highway 494 to enable safer 

and more reliable access to the town. 

Moreover, the plant needs of local employer to ensure 

operation in reliable and safety way. Therefore, positive 

impact for the local economy and the job market was also 

registered. In particular, from the job market point of view:  

• the construction phase of the power station involved 

approximatively 200 workers (at the peak) 

• the power station yearly operation and maintenance 

involves approximatively 40 workers  

• the local agricultural supply chain and its correlated 

activities (third-parties, transporters, etc.) involves 

approximatively 250 units. 

Finally, a significant economic impact can be measured in 

the local area. In fact, the farmers and landowners involved in 

the biomass supply chain can benefit of approximatively 

3M€/year, while other job positions involved in the territories 

can benefits of around 7M€/year. 

 

III. THE SHORT SUPPLY CHAIN  

As already and briefly described in Section II.A, the 

biomass power plant is presently supplied by poplar wood 

chip. The raw material is selected by the supplier in an area 

within 70km of radius from the position of the power plant. 

This condition called ―short supply chain‖ allows to obtain 

Green Certificates (GC) for the net electricity production 
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injected into the transmission grid under the incentive 

scheme introduced by the Italian Government [7]. The 

corresponding economic benefit of the GCs is evaluated by 

the Italian Energy Authority (GSE) by multiplying the net 

electricity production for the economic value of the energy 

(expressed in €/MWh). This economic value changes yearly 

and it was fixed at 100.08€/MWh in 2015 [10]. The biomass 

plants with short supply chain enjoy an additional benefit 

since the generated net electricity is multiplied by a factor 

equal to 1.8 kept constant for 15 years.   

In the Italian context, where wood chips are expensive as 

well as the installation costs of the biomass power plant [11], 

the impact of the incentive scheme is relevant to ensure the 

economic sustainability of the investment. Because of this, a 

preliminary evaluation was performed before the biomass 

plant installation in order to identify the available potential 

biomass within the short supply chain area.  

The presented biomass power plant can be used as a case 

study for introducing a GIS analysis capable to evaluate the 

biomass availability in a given area. This area is defined 

considering the biomass power plant location in the centre of 

a circumference with 70km of radius according to the short 

supply chain definition in [7]. According to the above 

hypothesis, four different Italian Regions were involved in 

the evaluation. In the next Sections the GIS analysis will 

identify the potential poplar biomass available according to a 

sustainable and short supply chain. 

A. GIS Analysis 

The analysis requires a set of georeferenced data to 

develop the model used to calculate the amount of biomass 

that can be used for energy goals. The biomass, that can be 

extracted from a specific area, depends on many different 

geomorphologic factors as well as biological growth factors, 

type of forest management and other possible administrative 

restrictions. Therefore, the first phase of the work is the 

implementation of a Territorial Informative System that 

include the following themes: 

• administrative boundaries; 

• digital elevation model (DEM); 

• main and forest roads; 

• forest inventory containing these information: forest 

typologies, method of woodland 

• management (coppice or high forest), Periodic Annual 

Increment indexes, Biomass Expansion  

• Factors, Wood Basic Density values. 

The dataset comes from different public data sources 

[12]-[15]. The analysis is based on raster and vector data with 

a large scale of 1:10.000 and a resolution of 10 m per squared 

pixel, and it has been performed by free and open source 

software. In particular, the study was carried out using these 

solutions: 

• ARCMAP as ARCGIS 10.3 tool developed by ESRI [16] 

for vector processing, geodatabase, map display and 

processing data 

The data recovered from the different sources are collected 

into a dedicated geodatabase, because this solution can 

quickly process large amounts of data, optimizing calculation 

time. The information included in the national or regional 

inventory are recovered in vector format, so an area is divided 

into polygons. The information associated to vector format 

have been assembled together and processed. 

B. Estimating Harvesting Sustainable Biomass 

The analysis is performed to obtain information on how 

much poplar biomass can be harvested. The total amount is 

defined as the sum of poplar from forest biomass and from 

arboriculture. After that, the amount of biomass used for 

energy purpose can be evaluated according to sustainable 

ecological principles.  

The forest biomass availability may be defined as a 

function of the periodic annual increment of poplar, as this 

value refers to the stock of natural capital and a sustainable 

yield [5]. Sustainable wood energy extraction is defined as 

the maximum rate of woodchips obtainable from poplar that 

is equal to its annual increment. The value of periodic annual 

increment used for the area is based on [17]. 

Thus, annual biomass availability can be estimated by 

using the relationship between forest typology and periodic 

annual increment. In general, different forest typologies have 

different forestry management, leading to variations of 

annual increment. For poplar, the management considered is 

the coppice. The annual biomass availability in each j-th 

polygon can be calculated as the product between the j-th 

polygon area and the periodic annual increment of poplar, 

according to [18]: 

 

          (      )                    (1) 

 

where    is the polygon area and   (      )  is the 

periodic annual increment plus or minus standard error (ES). 

The sum of annual biomass availability for each typology and 

each polygon gives the overall annual biomass availability 

for a specific area. 

However, the periodic annual increment represents only 

the growth rate of the trunk, but the top and the branches of a 

tree also grows in. Thus, an additional factor must be 

introduced in the eq. (1) to evaluate the overall aboveground 

available biomass by using the formula proposed in [18] 

where the Biomass Expansion Factor (BEF) is introduced, as 

follows: 

 

   ∑       (      )             (2)  

 

All the above-mentioned equations define the amount of 

available biomass which can be harvested from a given area, 

in terms of cubic meter of fresh wood. However, the 

calculated biomass includes moisture. This water content of 

fresh biomass can be evaluated, but it depends on many 

factors. As a first approximation, the only factor considered 

in this work is related to the forest typology (i.e., different 

forest typologies have different moisture content). Hence, a 

conversion factor was used to convert fresh volume into dry 

weight. In particular, the Wood Basic Density (WBD) 

conversion factor (expressed in terms of t/m3) was used, 

according to the values proposed in [19]. 

The conversion factor permits to remove the water content 

in the available biomass, thus all the calculated quantities are 

represented in terms of dry tons instead of fresh volume. As a 

result, the energy content of the wood is not function of the 
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water content. The introduction of the Wood Basic Density 

conversion factor modifies the equation 2, as follows: 

   ∑       (      )                 (3) 

Equations from (1) to (3) define the theoretical potential 

biomass that can be obtained in a given area. However, some 

limitations related to the site characteristics that can limit the 

forestry operations and the forest machinery usage have to be 

introduced.  

Firstly, a limitation factor, terrain suitability (TS), on the 

annual potential biomass that can be harvested needs to be 

introduced. That factor is related to the geomorphological 

characteristics of the terrain altitude and slope gradient (see 

Table III), not allowing or limiting the mechanization of 

operations [18].  

Another limitation factor is the distance between forest and 

road and is called road distance (RD). Forests that are located 

at a distance more than 2500 m from the roads have costs so 

high which nullify the productivity, independently from the 

site slope [18]. For this reason, another reduction factor 

called proximity factor is added. The proximity factor 

assumes value 0 or 1 for distances greater or lesser than 2500 

m respectively. 

 
TABLE III: CLASSIFICATION THRESHOLDS FOR SITE SUITABILITY FOR 

FOREST RESIDUE REMOVAL 

 Highly 

suitable 

Moderately 

suitable 

Marginally 

suitable 

Unsuitable 

 

Reduction 

Factor 0.75 0.5 0.25 0 

Slope <5˚ 5˚-10˚ 10˚-25˚ >25˚ 

Altitude <1500 m <1500 m <1500 m >1500 m 

 
Fig. 2. Map of the biomass availability. 

 

Similarly, the arboriculture biomass availability was also 

calculated and summed to the forest biomass. In particular, 

the arboriculture biomass was defined in the GIS analysis by 

using only equation 3 and thus neglecting the reduction 

factors used for the forest biomass.   

 

IV. CASE STUDY RESULTS 

The GIS analysis described in Section III.A and III.B was 

then applied considering the biomass power plant location in 

the center of a circumference with 70 km of radius (i.e. the 

biomass power plant is located on the blue area of Fig. 2). Fig. 

2 shows the spatial distribution of the poplar wood within the 

area analyzed which involves 4 Italian Regions (i.e. mainly 

Piedmont and Lombardy, marginally Liguria and 

Emilia-Romagna) where the overall surface of poplar 

availability is around 38200 ha. 

The analysis underlines that the maximum volume of 

potentially available poplar biomass is approximatively 

equal to 458126 m3/year, which corresponds to around 240 

kt/year of dry biomass. These values are calculated according 

to a sustainability approach where the biomass availability is 

related to the periodic annual increment of poplar trees.  

The result highlights how the present poplar availability 

should be potentially exploited to supply the biomass power 

plant of the case study within the short supply chain 

definition to obtain economic incentives. In fact, Table I 

evidences that the poplar wood chips needed is 

approximatively equal to 237kt/year referred to the actual 

weight, while the calculated availability is referred to the dry 

weight.  

The technology capacity of the power plant together with 

an available short supply chain demonstrates as the biomass 

plant can be efficiently realized in Italian context from the 

energy and economical point of view ensuring also lower 

pollutant emissions. In particular, another plant with similar 

capacity could be potentially installed in the same area, if all 

the available biomass was used for energy purpose. 

 

V. ELECTROMAGNETIC SUSTAINABILITY 

The supply overhead line with a rated voltage of 132 kV 

and a rated current of 750 A at 50 Hz can be considered as the 

most important external electric and magnetic field sources. 

It is worth noting that the above line rated current is much 

higher than the actual service current (< 100 A) and the 

Journal of Clean Energy Technologies, Vol. 6, No. 4, July 2018

317



actual magnetic fields are strongly lower than the ones 

predicted according to the line rated characteristics. Anyway, 

the worst case was verified on the design phase and levels 

lower than the limits were predicted. The installed six 

conductor lattice towers follow the Italian transmission 

Standards with the conductor closer to the ground at a rated 

height of 24 m give rise to levels of the computed electric and 

magnetic field lower than the law limits. It is recalled that the 

people exposition limits in Italy are: 

• Electric field: 5000 V/m  

• Magnetic field: 100 T according European suggestion 

and 3 T for a daily exposition longer than 4 h in case of 

new installations on the basis of an Italian Law. 

As far as the work place characteristics, the worker 

exposition limits in the design phase were: 

• Electric field: 10000 V/m, 

• Magnetic field: 400 T  

And ICNIRP organization in 2010 increased the 

exposition limit of magnetic field to 1000 T so the design 

phase satisfied with a large margin the new requests. 

 

VI. CONCLUSION 

This paper present the operational results of an existing 

biomass power plant located in the northern part of Italy. The 

results highlight the relevance of a short supply chain 

capable to supply poplar wood chips for the plant ensuring 

economic and environmental sustainability. In fact, the plant 

has lower pollutant emissions compared to the national and 

local limits thanks to the wood chips characteristics, plant 

technologies and to the definition of a better mixture of 

biomass.  

The economical sustainability is then ensured by the 

incentive scheme which supports the investment and 

operational costs. However, the Italian incentive scheme is 

based on a short supply chain for the wood chips. For this 

reason, other new plant should be designed according to a 

presented approach based on GIS analysis capable to 

evaluate the biomass availability in the area within the short 

supply chain. The GIS analysis was performed by 

considering the existing plant as a practical case study. The 

results confirm the yearly availability of the poplar woody 

biomass in the area for the existing plant. Moreover, the same 

availability is capable to ensure the installation of a similar 

power plant if all the available biomass was used for energy 

purpose. 
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