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ABSTRACT

The massive implementation of distributed energy resources based on biofuels re-
quires a complex methodology to assess the optimal energy valorization options and 
economic feasibility. This paper has focused on producing pellets for boilers. The 
work focuses on the residential and commercial sectors. To consume local biomass, 
it must be considered the availability of potential customers, biomass availability, 
properties, and dispersion to evaluate transport cost. The developed methodology 
was applied to three different counties of the Valencian Community (typical of Med-
iterranean areas). Biomass resources for different counties have been quantified 
and characterized regarding key issues as heating value and ash content. Consider-
ing every evaluated area (the typical total area in the range 600 to 1800 km2) as a 
biomass management unit, the impact of pellet production plant size and biomass 
transport costs for three different counties was evaluated. However, different bal-
ances between biomass resources availability and self-consumption potentials are 
obtained, the economic feasibility of pellet plants was acceptable in the three cases 
with payback periods from 5 to 6 years.

Keywords: Renewable energy, Biomass, Pellet, Cogeneration, Distributed Energy Re-
sources.

INTRODUCTION

The massive implementation of distributed energy resources is a key strategy to in-
crease energy efficiency and reliability of supply. Biomass applications imply large 
savings in harmful emissions to the atmosphere taking advantage of local resources, 
sustainably, with competitive costs. The rapid deployment of biomass installations 
requires the development of a general methodology to:
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• Evaluate the quantity, quality, and availability of these residues in the area of 
interest.

• Determine demand segmentation and identification of segments with high 
potential to use biofuels (pellets, wood chips)

• Develop an optimal logistic strategy to minimize the harvesting, collecting, 
and distribution costs and environmental impact.

• Analyze available technologies for biomass pretreatment (drying, grinding, 
and densification) and combined heat and power generation.

This methodology is based on the figure of the transfer centers. These installations 
are located in strategic points to optimize the logistic process and present different 
morphologies; they include storage areas and have a pretreatment system and/or 
a cogeneration system. In these centers, biomass can be converted into electricity, 
heat and /or standardized biofuels (pellets).

Cogeneration systems can cover the biomass pretreatment process’s thermal and 
electrical needs (drying, grinding, pelletization) (Zailan, et al., 2021) When installed 
in the transfer center, there are several advantages because biomass is a hetero-
geneous resource. There are many types with different properties; it is possible to 
produce standard biofuels with higher quality biomass (i.e., low ash content) and 
consume low-quality biomass in the cogeneration system to produce valuable ener-
gy products as heat and electricity with competitive costs.

Figure 1: Scheme of methodology to assess the optimal energy valorization of biomass 
resources.

METHODOLOGY

The methodology is being implemented using Geographic Information Systems soft-
ware and is structured in eight modules, as described in Fig 1. In the next paragraphs, 
the global approach and the different modules are described. 

Input data module

This module must introduce the cartographic data regarding urban areas, agricultur-
al areas and crops, forest areas, industrial activities areas, municipalities divisions, 
and road networks. Statistical data for each municipality regarding population, type 
of dwelling, services, and industrial activities will also be employed and represented 
geographically. Standard data formats for this module are fixed due to current data 
availability, format, and accuracy.

Biomass resources module

Biomass sources initially considered in the analysis are forestry, agricultural crops, 
and some related industries' wastes. Quantification of Biomass resources is per-
formed by generation ratios (tonne residues per Ha, tonne residues per tonne of 
product, or tonne residues per k€ of turnover) and represented in the map using car-
tographic and statistical data. Characterization of Biomass (i.e., Higher heating value, 
composition, moisture, and ash content) is assessed using European databases (TNO 
2021., Reisinger,1995) from previous projects, sectorial studies, and additional lab-
oratory analysis. The geographic location of biomass residues is performed using a 
resolution of 1-km2 pixel (for superficial generation), and seasonality is evaluated 
monthly according to typical labor operations during the year for each crop (for agri-
cultural wastes) and typical production cycles for each crop industry.

This module defines the availability of each type of biomass, being important to con-
sider that some biomass types as cereal straw can present low availability (Passalac-
qua et al., 2004) (20 45% from total waste production) because it is being used for 
animal feeding and bedding.

Demand module

Potential demand segments or typical customers must be defined (hospitals, individ-
ual houses, blocks of apartments, industries, etc.). According to statistical and car-
tographic data of municipalities, these demand points are fixed on the map (mainly 
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urban areas and industrial areas). These points will be used to compute biofuel dis-
tribution distances to final users. Further grouping of these segments is considered 
according to the size of installable thermal or cogeneration applications because it 
can be related to biomass quality. Typically, small customers (residential and small 
commercial) segments require high-quality biofuels (low ash, sodium, chlorine, and 
sulfur content). Large customers can also use lower-quality biofuels to deal with ash 
disposal, gas cleaning, and maintenance requirements. According to several manu-
facturer's catalogs, boilers for thermal or cogeneration applications can be classified 
in the ranges summarized in Table 1.

Demand calculations are based on statistics of consumptions per household and the 
type of energy to supply (electricity or fuel) of the boiler (Alfonso et al.,2009;  Per-
piñá et al.,2008; Roni, 2019; Graham et al.,2001; Sun et al., 2020).

Boiler size (kW) Segments Biofuel quality needs (pellets)

<100
Residential and small commercial 

customers
High Quality (i.e ash content < 1% in dry basis)

100 to 2,000
Medium/Large commercial segments 

and small industrial customers
Medium quality (i.e. ash content 1 – 3 %)

>2,000
Medium/large industrial customers 

and district heating plants.
Low quality (i.e. ash content 3 – 6 %)

Table 1. Relation between boiler size, typical demand segment, and biofuel quality needs

Logistic module

According to road network characteristics and accessibility to biomass sources, this 
module allows computing transport time and distances between two generic points 
x (origin) and y (destination) in the area of study; these functions are called Time(x,y) 
and Distance(x,y). Sources or origins of biomass are fixed, and destination can be 
fixed by the restrictions of the scenario (i.e., present power plants, hospitals, indus-
trial customers, etc.) by applying an algorithm of minimization of transport costs 
(according to transport time and distances) to define the optimum destination for a 
covered area. Typically, biomass transport cost function boiler (Alfonso et al.,2009; 
Perpiñá et al.,2008; Graham et al., 2001) BTC (€/tonne), is composed of fixed costs, 
FC (€/tonne), distance-dependent costs, DC (€/tonne-km), and time-dependent 
costs, TC (€/tonne-hour), as defined by equation 1: 

BTC (x,y) = FC + DC·Distance (x,y) + TC· Time (x,y)                                            (1) 
    

Technology characterization module

Pretreatment technologies. Pellet plant

The pretreatment plants can produce pellets in a general approach and be com-
posed of drying, grinding, pelleting and cooling systems, peripheral equipment, 
storage facilities, and other general facilities. These pelleting plants are character-
ized according to bibliography from an economic and energy needs point of view, 
by several functions (Zailan ,2021) for each technology as Installation cost, IC1(B) (€ 
per tonne/h), specific Energy consumption, EElectricity and Efuel (kWh/tonne) and 
specific Operation and Maintenance costs of the whole plant, OMC1(B) (€/tonne). 
These functions can be constants or considered a function of the plant capacity, B, 
measured in terms of the hourly amount of managed raw biomass (tonne/h). In Fig 
2 it has been represented the function IC1(B) for the different systems and the total 
pelleting plant installation cost TIC1(B), and function OMC1(B) considering biomass 
with 40% moisture, continuous operation, and 3,200 h/year of operation.

Figure 1: Biomass pelleting plant-specific Installation and O&M costs as a function of the 
plant size (Alfonso et al.,2009;  Perpiñá et al.,2008)

Scenario definition and constraints module

The scenario definition is represented by a set of constraints to be considered in the 
optimization process. Inside this module, there is a complete list of possible scenari-
os to be analyzed but, before simulating the selected scenario, a basic pre-selection 
of suitable scenarios is made automatically. Both pre-selection and detailed simu-
lations of the selected scenarios are performed in the computing and optimization 



2726

Technology, energy and environment in constructionTechnology, energy and environment in construction

module, so there is an initial interaction between these two modules.  Table 2 de-
scribes two scenarios of the methodology.

Scenario Description and constraints

AGRIPELLET
Only biomass from agricultural crops. Transport distance<25km and optimum 

destinations. Pellets as the unique energy product

BIOCOMBI
Biomass from agricultural crops, forestry, and related industries. Transport 

distance<30 km and optimum destinations.

Table 2. Description and constraints of main scenarios of the methodology 
For specific feasibility analysis in the following points, it was selected the BIOCOMBI 

scenario.

Computing and Optimization module

The main optimization computing can be performed based on economic suitability 
or efficiency and CO2 savings; the first is described below. 

Economic optimization is an iterative process based on computing the payback pe-
riod of the transfer center for each y possible location (as a general approach, it is 
considered one iteration per 1-km2 pixel of the analyzed area). The payback period 
is computed, as described in Equations 2 to 4, with the total installation costs of the 
transfer center, generally TIC1 and TIC2 (€), total O&M cost, TOMC (k€/year), total 
raw biomass cost, TRBC (k€/year), total biomass transport cost, TBTC (k€/year) and 
energy products revenues, EPROD (k€/year).

(2)

(3)

(4)

It can be observed that the main variable for the economic optimizations is the size 
of the plant, B (tonne/h of raw biomass). It is important to notice that usually, B is a 
function of distance concerning the destination point. So length has two opposite ef-
fects: on the one hand, a higher radius provides higher B, so specific installation costs 
are lower, but on the other hand, a higher radius provide higher biomass transport 
costs so that the methodology will provide a unique optimum solution for a certain 
B and maximum transport distance.

RESULTS MODULE

This module shows the results for the selected scenarios; typically, the main results 
are:

• Plant localization and size (tonne of biomass per year)

• Main biomass types and properties (average and specific for each type).

• Selected Technologies: Installation costs and O&M costs, pellet production

• Economic feasibility

IDENTIFICATION AND GENERAL RESULTS AT THE DISTRICT LEVEL

County code 4600G01 4617 4620

County name L´Horta La Plana de Utiel-Requena La Ribera Alta

County total area, km2 620 1721 970

Biomass, kt·year-1 51,667 77,088 64,574

Biomass, t·h-1 - 5000 h·year-1 16.1 24.1 20.2

Average LHV, kWh·kg-1 2.90 3.10 2.96

Ash content, % dry basis 6.9% 2.9% 1.9%

Mean transport distance, km 16.79 23.1 16.99

Transport cost, €·t-1 20.53 24.3 20.40

Local demand,
% of self-consumed biomass

304% 3% 63%

APPLICATION BP1. PELLET PRODUCTION PLANT

Pellet production, kt·year-1 3,3225.90 49,075.43 40,125.56

Specific investment, k€·t-1·h-1 394.7 326.4 360.0

Simple payback period_BP1, year 5.8 5.1 5.3

CO2 savings_BP1, kg CO2 ·kWh-1 

of raw biomass [**]
0.191 0.176 0.181

[**] CO2 savings based on boiler fuel substitution (mainly natural gas/diesel fuel). It 
has been taken into account CO2 emissions due to biomass transport, collection and 

pelletization process (Alfonso et al.,2009; Perpiñá et al.,2008).
Table 3. Main results of methodology application for three districts of C.V.
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CONCLUSION

Distributed Biomass resources management requires a complex multicriteria meth-
odology where logistic strategy is the main factor in performing the optimization for 
a selected scenario. However, other features must also be considered: scale, cogen-
eration system capabilities, biomass availability, and properties and potential con-
sumers.

A methodology fulfilling all these requirements has been developed. It is based on 
flexible biomass transfer centers with multiple possible energy products as biofuels, 
electricity, and heat.

Preliminary application of the methodology showed big differences between coun-
ties, from counties with high demand as 4,600 L´Horta (grouped small counties 
around Valencia city) but without including city demand) which could consume three 
times the available biomass, to big counties as 4,620 La Plana de Utiel-Requena, with 
high biomass availability (due to the higher agricultural/forestry sources) but with 
very limited demand so consuming only 3% of available biomass. Using the county 
as management, biomass properties, quantity, and feasibility analysis for pellet pro-
duction plants were adequate.
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