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Abstract - Thermal plants using wood biomass have been 
strongly supported in recent years by the European Union. The 
design solution deemed more sustainable for the environment 
involves the construction of small plants, whose needs can be 
guaranteed by timber coming from the surrounding territory. 
Often this solution can not be deemed as the most compatible 
with the requirement of safety. For small size wood-energy chain 
the implementation of the best available technology regarding 
occupational and environmental safety implies an higher 
economic charge compared to large systems based on major 
capital investments. Purpose of this study is the application of a 
methodology designed for the analysis of risk in order to identify 
and to assess the impacts on the environment. This analysis will 
be applied to forest yards, corresponding to the first phase of the 
forest - wood – energy chain, i.e. the raw material procurement. 
Based on the feedback received, adjustments to the methodology 
will be identified to permit an easier application both to 
occupational risk analysis and to environmental impact 
assessment. It will therefore be possible to optimize the 
identification of the procedures to implement. A future goal is the 
application of the method to the entire supply chain, from 
timber’s procurement to the plant’s realization and 
implementation. After identifying the criteria to determine the 
most suitable operating procedures (according to the 
characteristics of the examined wooded lot), the individual work 
phases have been divided into sub-phases and elementary 
processes. For each elementary processing the main sources of 
risk have been identified. They were divided into employed 
equipment, materials (raw and complementary materials, waste 
and products), work environment and organization. Keeping this 
division for each source of risk the related hazard’s factors, the 
possible impacts on the surrounding environment deriving from 
them and the procedures to minimize them have been identified 
and verified on real cases. 
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I INTRODUCTION AND LITERATURE REVIEW 
The European Union’s climate and energy package aims to 
increase the share of renewables in the energy mix to 20% by 
2020 [1], which will increase the demand for bioenergy. Since 
the purpose of increasing the use of bioenergy is to reduce 
pressure on the environment, it is important that the 
production system is designed in a way that reduces the total 
environmental burden. The use of wood for bioenergy purpose 
is becoming ever more common as alternative to fossil fuels [2] 
[3]. 

Concerns about climate change and a considerable growth in 
the greenhouse gas (GHG) emissions have encouraged several 

countries to introduce appropriate policies to mitigate global 
warming and at the same time to find further sites of 
extraction of raw materials, such as forests in the mountain 
areas [4]. Mountain areas, inherently more susceptible 
compared to lowland forests, are characterized by different 
species, greater changes in climatic conditions, slower forest 
dynamics, regeneration and growth [5]. In addition, low 
intensity and high cost of forest operations and few operating 
opportunities feature mountain areas [6]. 

A thorough review of short chain definitions [7] identifies four 
essential criteria for its description: the environmental 
sustainability, the geographical proximity between producers 
and consumers, the ability to generate added value and local 
scale profits, the social equity and balanced redistribution of 
value along the chain. Regarding biofuels [8], the chain should 
respect sustainability criteria so that the energy from these 
products can contribute to the national target’s achievement on 
renewable energy. Even for wood biomass from forests there 
are initiatives to provide guarantees for the supply chain’s 
sustainability and transparency towards the market. To be 
mentioned, among others, the certification according to the 
Forest Stewardship Council standards (FSC) and the 
Programme for the Endorsement of Forest Certification 
scheme (PEFC). Both of them allows sustainable forest 
management and product traceability along the supply chain. 
The goals of Sustainable Forest Management were defined as 
“stewardship and use of forests and forest land in a way and at 
a rate, that maintains their biodiversity, productivity, 
generation capacity, vitality and their potential to fulfil, now 
and in the future, relevant ecological economic and social 
functions, at local, national and global levels […]” [9]. 
Criteria and indicators have been adopted to promote 
sustainable forest management and facilitate the evaluation of 
progress towards it. The six Pan-European criteria for 
sustainable forest management consist in the maintenance of: 
contribution of forest resources to global carbon cycles, health 
and vitality of forest ecosystems, productive function of 
forests, biological diversity in forest ecosystems, protective 
functions in forest management and socio-economic functions 
[10]. These certifications are done on a voluntary basis and 
therefore mainly by the most virtuous companies. Moreover, 
the objectives to achieve it are established, but not the 
practical methods to design and manage the activities from the 
environmental point of view. 

The Driver – Pressure – State – Impact - Response (DPSIR) 
framework, developed by the European Environmental 
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Agency [11], has since been widely adopted in the study of 
environmental problems. Through a classification of 
environmental indicators, it simplifies the impact assessment 
that a project may have on the surrounding area. Used mainly 
in environmental impact assessment [12] for certain public 
and private projects, it may be also suitable and applied to 
assess the impacts related smaller size project.  

The DPSIR framework has already been used in some studies 
to assess the sustainability of forest management practices [13] 
[14]. This system allows to define indicators, but to get to 
executive level requires a specific analysis of each project 
according to the constraints further indicated by the normative. 
Impact assessment practice around the world is dominated by 
its use at the project level, with particular emphasis on major 
projects [15]. An applicable analysis is however also 
necessary for small projects. 

Clearly a large number of these projects, for the inherent 
characteristic of small dimension, does not fall within the 
scope of the environmental impact assessment as required by 
law. These projects do not possess, from the economic point 
of view, the means to achieve an impact analysis ad hoc. 
However the availability of a simplified and guided 
framework would make technically and economically feasible 
the compulsory assessment. There is therefore the need to 
adapt, simplify and standardize the environmental impact 
assessment methods for a faster and easier implementation, 
while allowing simultaneously a comprehensive evaluation of 
the environmental impacts. 

In this study, such a methodology has been adapted and 
applied to forest yards, the first phase of the forest-wood-
energy chain, and compared with a methodology developed 
for the analysis of occupational risk [16]. Based on the 
feedback received, adjustments to the methodology will be 
identified to allow a fast application and an immediate 
comparison of the results. The goal is the identification and 
validation of a method for determining the best working 
practices both from the point of safety and regarding the 
environmental sustainability. 

II MATERIALS AND METHOD 
Modern forestry must combine two often conflicting 
objectives: minimizing the damages produced to valuable trees 
left on side (including the advanced natural regeneration), 
while maintaining financial efficiency fort the harvesting 
operations [17]. Under such circumstances, the interventions 
in the forests should consistently take into account a principle 
of sustainability and environmental protection in forestry. 
Therefore it becomes mandatory to use the best suitable 
technology for each case. As a result, the logging solution 
chosen for a specific site must take into account 
simultaneously the remaining trees in the stand, the soil and 
good conditions for natural regenerations, modification or 
interference of the water network. In other words, not only 
economic efficiency, but also environmental sustainability 
must be considered. Previous studies have analyzed the 
environmental impact caused by forestry operations on the 

surrounding area, mainly due to the difficulty of reconciling 
the local conditions with the main harvesting methods [18]. 

The main stages of a forest yard are generally: analysis of the 
work environment (preliminary survey), yard’s preparation, 
felling, processing, bunching, primary transportation, activity 
at the landing and transportation to the following stages of 
processing. The different phases can be performed using 
different technologies and equipments. This choice will be 
greatly affected by the lot’s characteristics. A small company 
when choosing procedures and equipment definitely takes into 
account also the economic factor. In these conditions often 
occupational safety and environmental sustainability are 
wrongly to take a role of secondary importance. It is therefore 
important that the employer can use a fast method that allows 
to compare different technologies and permits to choose the 
most suitable taking into account the various factors. 
Regarding occupational safety the obligation of risk 
assessment is also evident for small companies and activities 
[19]. This is implemented through known and standardized 
simplified procedures. There is not the same awareness of 
having to assess environmental impact outside dimensions 
belonging under legal obligations. Indeed simplified 
procedures that still offer standardized analysis are not defined. 

In order to assess simultaneously the procedures both 
regarding occupational safety and the impact on the 
environment, the DPSIR framework has been adapted so as to 
be directly comparable with the structure of the methodology 
developed for the assessment of occupational risk. The 
individual work phases have been divided into sub-phases and 
elementary processes. For each elementary processing the 
main sources of risk for the workers have been identified. 
They were divided into employed equipment, materials (raw 
and complementary materials, waste and products), work 
environment and organization. Keeping this division for each 
source of risk the related hazard’s factors, the potential 
damages, the procedures to be followed for risk minimization 
and the PPE to be used have been identified as shown in Table 
I. It allows to view the safety risks that may result from each 
technology and procedure and therefore exclude the most 
critical ones. 

TABLE I.  EXCERPT OF OCCUPATIONAL HAZARD’S FACTORS 
ASSOCIATED WITH THE WORK ENVIRONMENT [16] 
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The identification of a similar method enabling an 
environmental risk assessment is not easy. In fact, a significant 
number of parameters, indicators and effects, the impact of 
which is further influenced by the environment’s state in 
which it works, should be taken into account. These aspects 
have to be represented in an easy to read analytical structure. 

The divisions in phases, sub-phases and elementary processes 
was maintained. All the procedural and technical possibilities 
by which each sub-phase can be carried out must be identified 
and taken into account. The drivers, divided into equipment, 
materials (raw and complementary materials, products and 
waste), workplace and work’s organization were identified for 
each possible design choice. In the first work’s phase, the 
analysis of the surrounding environment, as regards the 
workplace the environmental state is examined in two 
different perspectives. The first was as an ex ante state, i.e. the 
initial conditions of the environment that must be protected 
and maintained. The second relates to the characteristics of the 

environment that may affect the working and design choices. 
Some of such features may determine the a priori exclusion of 
some possible design choices. The evolution of some of these 
parameters should, however, be considered to evaluate the 
alteration of the environmental state. Therefore they fall also 
in the first category. The environmental status must be defined 
by parameters that allow by their observation through time to 
determine its possible alteration. For each identified driver all 
possible pressures on the surrounding environment should be 
listed, keeping the division previously described. The impacts 
are the display of the pressures’ effects on the environmental 
state. Therefore they are identified dividing them according to 
the environmental component that they go to influence. 

III RESULTS AND DISCUSSION 

By the proposed methodology, the following results emerge, 
spelled out in the following tables. Table II shows an example 
of the drivers identified for the first working phase of a forest 
yard.  

TABLE II.  DRIVERS ASSOCIATED WITH EACH ELEMENARY PROCESSES, EXAMPLE 

In this phase drivers are not detected in regards to equipment 
and materials. It has been chosen as a significant example 
because it is particularly relevant in the characterization of the 
work environment. As regards the general organization of 
work, the influence that processes can have depends on their 
duration, and, consequently, on the number of workers.  

The large-scale workplace is defined by the area of influence. 
It is evident that it can be much more wide of the area where 
the activities are strictly carried out. The repetitiveness of 
different processes must also be considered. In the shown 
phase according to the parameters that must be taken into 

consideration a distinction is made between ex ante state and 
working area. This distinction is reflected in the 
characterization of the environmental state.  

In Table III a distinction is made between the environmental 
indicators to be protected (grey), those that are useful to 
characterize the lot for work purposes (white) and those 
included in both categories (grey and white). The indicators 
are diversified according to the different environmental 
components: hydrosphere, biosphere, lithosphere, atmosphere 
and antroposphere.  
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TABLE III.  ENVIRONMENTAL STATE OF THE LOT AND THE SURROUNDING AREA 

 
This table is a representation of the environment and therefore 
it is destined to evolve during the work to make explicit the 
impacts on the environment. Environmental indicators must 
therefore be assessed both during the activities both to their 
conclusion. It is obvious that the assessment of the 
environment must be carried out by experts of forestry. The 
parameters listed in the table are only examples. They should 
be adjusted case by case to actually be illustrative of the 
surrounding environment. 

To each identified driver is associated the pressures that it can 
induce on the surrounding environment. They, like the 
determinants, are defined according to each elementary 
processes and distinguished according to their origin. This 
simplifies the characterization of the pressures, but it makes it 
difficult to assess the cumulative effects. 

To simplify the assessment of the actual state of the 
environment, the impacts are classified according to the 
environmental component on which their effect is expressed 
(Table IV). 
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TABLE IV.  IMPACTS ASSOCIATED WITH EACH ENVIRONMENTAL COMPONENTS 

In this table only the direct impacts are taken into account. In 
future developments indirect, cumulative and total impacts 
will also must be made explicit. Through the individuation of 
all the possible impacts it will be possible to identify the 
procedure with less overall environmental impact. Only in 
considering all impacts, the procedure with less environmental 
impact can be identified. 

The graphic display of the responses to be implemented to 
reduce and minimize the impact is still being developed. 
Several factors are taken into account such as the feasibility of 
the responses, the costs for their implementation and when 
these responses are not sufficient and other design variations 
must be taken into consideration. 

IV CONCLUSION 
The need for a methodology to assess the environmental 
impact of small activities, not falling under the procedures 
established by law has emerged. This is particularly significant 
in the short forest-wood-energy chain, for small size biomass 
plants. There has been indeed an increasing spread of such 
facilities. It is, however, still required the consolidation of 
procedures for their management. This is particularly 
significant in the forest yards that have a direct influence and 
impact on the environment. 

The methodology to manage the small activities must allow 
the rapid assessment of the impact that the different processes 
and procedural choices can have on the surrounding 
environment. The conducted analysis should allow the 
comparison of different design choices to evaluate and to 
choice the best from the environmental point of view. Since 
occupational safety must still be considered, the scheme of 
analysis starts from methodological bases adopted for the 
assessment of risk in the workplace, developing a dedicated 
structure for environmental safety.  

The method of analysis has been developed in such a way as 
to enable the parallel evaluation of environmental 
sustainability and occupational safety. In this way is possible 
to take into account all relevant factors to choice the best 
operating procedure. 

The methodology described in this paper has been validated 
by applying it to yard activities of logging. The study is being 
developed in the further verification of the validity of the 
method in different activities, such as thermal plants 
generating energy from woody biomass. Moreover the 
simplified diagrams of assessment of cumulative, indirect and 
total impacts are being developed. Based on these results the 
procedures for minimizing risk may form the basis of a 
proposal for a simplified and standardized methodology for 
risk assessment. 
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