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Method for environmental impact assessment of human-induced 
small-medium activities: the case study of wood biomass supply 
chain 

Marina Clerico1,*, Matteo Bo1, and Federica Pognant1  
1Politecnico di Torino – DIATI, Corso Duca degli Abruzzi 24, Torino 10129, Italy 

Abstract. Climate change evolution, joined by other environmental issues, will lead in the coming years to 
a rapid introduction of new actions and technologies. They will have to resolve, in the different economic 
sectors, one or more aspects of the current unsustainability. The relevant risk is that, in urgent conditions 
where the unreleased practices will be proposed, the assessment of their environmental impact will remain 
limited to their specific field/sector. Therefore, the evaluation would not be extended to any wide-ranging 
environmental effects. Without an accurate assessment it would be impossible to determine whether the 
solution was more damaging and burdensome to the environment than the initial problem. Small-medium 
anthropic activities do not possess, from the economic point of view, the means and the duty to achieve an 
impact analysis ad hoc. This work aims to describe an analysis methodology developed for the 
environmental impact assessment of Small-Medium Enterprises. It is both exhaustive and easily applicable 
to small work activities and processes. This methodology is aimed both at business managers and at local 
authorities. The identified method of analysis allows an exhaustive evaluation of the whole forest energy 
chain and the identification of technical choice with less impact on the environment. 

1 Introduction  
Ciate chage evuti ied by ther evireta 
issues wi ead i the cig years t a rapid 
itrducti f ew actis ad techgies They wi 
have t resve i the differet ecic sectrs e r 
re aspects f the curret usustaiabiity The reevat 
ris is that i urget cditis where the ureeased 
practices wi be prpsed the assesset f their 
evireta ipact wi reai iited t their 
specific fiedsectr Therefre the evauati wud t 
be exteded t ay wideragig evireta effects 
Withut a accurate assesset it wud be ipssibe 
t deterie whether the suti was re daagig 
ad burdese t the eviret tha the iitia 
prbe 

Fr iprtat actis the ethd fr the 
Evireta Ipact Assesset (EIA) are defied by 
the aw1 ad stricty ctred This ethd is very 
uspecific ad targeted t reduce ad prevet 
evireta ipacts  a arge scae Thus it des t 
tae it accut specificay the Saediu 
Eterprises (SEs) 2 Saediu athrpic 
activities d t pssess fr the ecic pit f 
view the eas ad the duty t achieve a ipact 
aaysis ad hc ess fiacia resurces ae difficut 
the idetificati ad use f the Best Avaiabe 
Techgies (BAT) ad suitabe wr prcedures t 

decrease riss fr the ihabitats f the territry ad the 
eviret 3 Hwever the avaiabiity f a sipified 
ad guided fraewr wud ae the cpusry 
assesset techicay ad ecicay feasibe There 
is therefre the eed t adapt sipify ad stadardise 
the evireta ipact assesset ethds fr a 
faster ad easier ipeetati whie siutaeusy 
awig a cprehesive evauati f the 
evireta ipacts  

The bective f this study is t preset a sipified 
aaysis ethdgy fr a crrect ad rapid aaysis f 
sa pats r prductive activities ad the 
idetificati f their ipact  the surrudig 
territry This ethd was appied t bth existig 
activities ad pats bth i the desig ad prttype 
phases It has bee vaidated thrugh the appicati f 
stadardised ethdgies such as easureets ad 
appicati f dispersi des fr estiatig the 
evireta ipacts  

The case study chse t test the prpsed ethd is 
the wd biass suppy chai fr the wd t the 
eergy cversi Give the strg icetivisati i 
the ast years the use f wd biass as reewabe 
surce f eergy ad heat is steadiy grwig This is 
due t the avaiabiity f wd ad the cpetitiveess 
f wd biass cpared t traditia fue i ters f 
cst ad perfrace 47 
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2 Literature 
der systes usig wd biass prve t be highy 
cpetitive cpared with fssi fues especiay as 
regards destic heatig The aut f avaiabe wd 
biass i Eurpe shud esure bth the deads 
arisig bth fr wdwrig ad eergy purpses 8 

Wd biers are eergig heatig systes which 
are attractive fr their reducti f C2 eissis 9 
but whse use ay wrse ca air quaity cditis 
cpared t traditia heatig systes Resuts 10 11 
shw that the evireta perfraces f wdchip 
biers at the ca scae are t as gd as thse f 
atura gas biers Hwever the effect  ca air 
quaity f der wd biers is sigificaty wer 
tha thse f traditia stves sice their eissis are 
sigificaty wer 12 

The wd trasprtati phase is sigificat i ters 
f putat eissis 13 14 Sa pats which have 
eeds that ca be guarateed by the surrudig 
territry are becig icreasigy widespread 
especiay i areas where there are scattered frested 
areas (ie utaius area) These pats if 
techgicay advaced have w eissis but sti 
eed ctr t esure that the ipact  the territry is 
iia ad iited ad t avid the depeti f frest 
resurces  

A eviretay sustaiabe use f this eergy 
surce aiy depeds  a crrect expitati f the 
frest resurces ad  the atspheric putats 
eissis ctr Assuig that the tiber 
csupti is suitaby reguated by the frest 
aageet picies 15 the evireta ipact f 
these systes is ast fuy reated t putat 
eissis i the atsphere These are due t tw 
typgies f surces at the ca ad regia scae The 
frer is due t the reease f cbusti prducts fr 
the heatig systes ad the atter t the reease f 
putat fr vehices trasprtig the wd The 
chice f shrt suppy chai ipicates that the st 
sigificat eissis derives fr the biass burig 
prcess  

Especiay i case f icpete cbusti wd 
burig causes eissis f particuate atter (P) 16 
17 ad vatie rgaic cpuds (VCs) ther 
cpuds that are very harfu fr the hua heath 
ad the eviret such as hydrchric acid dixis 
ad furas ay fr i the evet that the tiber is 
ctaiated by chrie ad i particuar peratig 
cditis f the heat geeratr uerus studies shw 
that the cbusti f biass as a fue is a sigificat 
surce f P 18 ad gaseus eissis such as VCs 
19 pycycic aratic hydrcarbs (PAHs) 20 ad 
X 21 The ifuece f the fue characteristics  
the quatity ad cpsiti f the eissis has bee 
the subect f severa studies 22 23 

Severa studies aayse the actua ifuece f these 
systes  air quaity 24 25 aiy fcusig  the 
ccetratis f P due t its wew heath
effects 26 The suitabiity f the adpti f these 
systes has t be carefuy evauated i regis where 
atspheric P ccetratis are sigificat This is 

the case f the P Vaey ad f a eighburig apie 
vaeys The ipact that such eissis ay have  
ca air quaity is t easy t assess fr the differet 
ccurret causes 27 rever a ethd fr the 
bservati f ca eissis f P ca ifuece ca 
air ccetrati ad hep the idetificati f better 
sutis 

3 Method 
The ethdgy was deveped with the purpse f use 
bth by frestry aagers ad ca authrities The 
frestry aagers eed a ethdgy t deterie the 
best desig chices taig it accut the distictive 
features f each case ifuecig the idetificati f the 
best chices ca authrities istead have t verify that 
ipeetig ca wd biass suppy chai des t 
ipact the eviret bth i reati t the depeti 
f frest resurces ad t the eissis resutig fr 
the biass cbusti 

The ethd csists f a sipified ad adapted 
variat f the DPSIR (Drivers Pressures State Ipact 
ad Respse) ethd aready described i ther 
pubicatis 28 29 DPSIR is a fraewr fr 
describig the iteractis betwee sciety ad the 
eviret deveped by the Eurpea Evireta 
Agecy (EEA) 30 The ai variatis t the stadard 
ethd have bee ade t aw a quic appicati ad 
easy idetificati f the ai ipacts eve by pepe 
withut a specific whw The utiate users f the 
ethd are ca authrities ad pat aagers 
Thrugh a divisi it eeetary phases it is pssibe 
t idetify the driver (ie the surces f ipacts) T 
faciitate the idetificati f every pssibe surce f 
ipact the drivers are cassified it equipet 
aterias wr eviret ad wr rgaisati 
This cassificati ad the divisi it eeetary 
phases aw us whe the pressures  the eviret 
are idetified t arrive at a uitary deteriati f the 
sae greaty faciitatig the quatificati Fr se 
factrs it is easier t arrive at a quatificati (ie 
eergy ad raw aterias used waste prduced etc) 
whie thers (ie ise gas r dust eissis etc) eed 
t csut the techica idicatis f aufacturers ad 
desigers If this assesset is ade at the desig stage 
y a quaitative estiate ca be ade ad differet 
scearis have t be csidered 

The uitary deteriati f the pressures greaty 
faciitates their deteriati but aes it re difficut 
t deterie the ipacts  the surrudig 
eviret Differet pressures cud ipact the sae 
evireta cpet ad therefre there is the 
eed t uderstad the iterreatiship betwee the 
differet pressures T assess the ipacts a wedge 
f the state f the territry is ecessary Differet 
idicatrs t describe it are idetified T quatify the 
is iprtat t aayse a the existig evireta 
data 31 y a idepth wedge f the actua state 
f the territry aws us t deterie the subsequet 
ipacts Ipacts are idetified by deteriig the 
chage i each idetified evireta idicatr 
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deteried by each pressure First ipacts are 
quaitativey idetified by assigig a red yew ad 
gree ratig assesset t the idetified ipacts This 
first aaysis ay be sufficiet if the ga is t priritise 
iprveet itervetis ad idetify critica issues 
This assesset is fte sufficiet fr ca authrities 
ad pat aagers If there are sigificat criticaities a 
re deteriistic estiate is ecessary with the 
ivveet f experts but it is t the priary 
bective f the prpsed ethd beig destied fr a 
quic use Durig the devepet ad appicati phase 
f the ethd bth easureets ad deig were 
used bth fr a quatitative evauati ad fr a 
vaidati f the ethd t deterie its accuracy 

4 Results   
The ethd has bee appied bth t stadard activities 
ad the prttype pat 32 The ters stadard eas 
activities which are wew ad spread ag the 
cpaies wrig i the frest eergy fied The 
ethdgy was appied i particuar t the frest 
yards t the fue wd teria ad t the heat 
geeratrs The ethdgy was dified i rder t 
adapt it t differet characteristics ad wr 
eviret The btaied resuts awed t deterie 
what peratia steps are the st critica with regard 
t the ipact  the eviret The techica 
itervetis ad peratia prcedures t put i pace 
t reduce these issues were as deteried  

The ai f the ethd appicati t a prttype 
pat is t bserve i particuar its ifuece i the desig 
phase ad hw it has t e dified i rder t ptiise 
this phase The ai is t ipeet the aaysed syste 
befre the cstructi phase as uch as pssibe 
rever the appicati f the ethd ca be see as a 

startig pit i the hypthesis f eed f EC abeig i 
case f aretig f the prttype pat The chse 
prect csisted i the cstructi f a itegrated 
syste fr dryig tiber pas ad eergy recvery f 
wd byprducts The prttype was cated i a 
apie vaey cated i the rthwest f Itay 
The ethdgy was appied bth i the phase f pat 
desig ad pat ipeetati I this way 
dificatis cud be appied i a the desig ad 
cstructi phases The st sigificat ipacts are the 
aterati f the air quaity ad the dificatis i the 
ise eve ad csequet ayace fr the pepe 
ivig earby (Tabe 1) I rder t deterie if the 
ethd cud satisfy a the bectives set at the 
begiig f the aaysis it has t be appied t assess 
the cuuative ipacts caused by the whe frest 
eergy chai 

Tabe 2 shws the ai ipacts fr each phase f the 
suppy chai ad a assesset f the ipacts thrugh 
red yew ad gree rati assesset The tabe aws 
us t bserve hw a rea assesset f the cuuative 
ipacts is difficut thrugh the y appicati f the 
ethd y a quaitative deteriati f the ipacts 
is pssibe A quaitative assesset hwever is t 
sufficiet i the case f the ipeetati f differet 
pats i the sae territry Therefre the ethd is 
dified itegratig it with further aaysis Hwever 
the ethd aws us t deterie that the st 
sigificat ipacts are the use f wd resurces ad the 
air quaity aterati These aspects are very sigificat 
i the case f the spread f wd biass heatig 
systes There wud be ideed the eed t deterie 
the ifuece that a sigificat uber f these systes 
cud have  a area 
  

 

 

Tabe 1 Quaitative ipacts f the prttype pat 

Surface 
waters

Ground 
waters Flora Fauna People Landscape Culture Economy

Pellet/ chips
storage

Sol use Noise 
annoyance

Pellet/ chips
supply 

Dustiness

Water heating Air quality 
alteration

Hot water
storage 

Water supply
Use of 

resources
Water 
transport

Ash disposal

Fumes 
discharge

Alteration of 
the territory 

Ashes 
discharge

Soil use, 
landfill

Timber drying
Use of 

resources Soil use
Air quality 
alteration

Noise 
annoyance Electric energy use

Air quality 
alteration

Alteration of 
the landscape

Alteration of 
the landscape

Chips drying

Soil use

Process phase
Hydrosphere Biosphere

Lithosphere Atmosphere

Use of 
resources

Soil use, 
landfill

Use of resources 

Antroposphere

Electric energy use

Ash disposal, electric 
energy use
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Tabe 2 ai cuuative ipacts f the frest eergy chai 

Surface 
waters

Ground 
waters Flora Fauna People Landscape Culture Economy

Timber 
harvesting

Alteration of 
water flow

Flora 
removing

Wildlife 
disturbance Erosion Air quality 

alteration

Alteration of the 
environmental 

acoustic quality

Alteration of 
the landscape

Timber 
transport

Alteration of 
water flow

Soil compaction 
and modification 
of slope stability

Air quality 
alteration

Alteration of the 
environmental 

acoustic quality

Timber 
processing

Air quality 
alteration

Alteration of the 
environmental 

acoustic quality
Timber 
storage

Soil use Alteration of 
the landscape

Timber 
drying

Soil use Alteration of 
the landscape

Energy 
production

Use of 
wood 

resources
Soil use Air quality 

alteration
Alteration of 
the landscape

Use of resources 
for energy 

distribution

Hydrosphere Biosphere Anthroposphere
Lithosphere Atmosphere

 

5 Discussion   
The vaidati f the evireta ipact assesset 
ethd was ade by carryig ut the easureets 
fr the st sigificat haard factrs I this particuar 
case they were P eissis ad ise Give the 
psiti f the pat withut residetia areas earby 
ise was csidered egigibe 

easureets t quatify P eissis were 
therefre carried ut i the pat chiey ad 
exteray ear the surce The carried ut itrig 
was aied at the characterisati f the prttype pat 
bect f study as a eissive surce reative t 
particuate atter  

The fur eissis tests at the chiey shwed 
resuts withi the iit vaues set by the techica 
stadards 33 

I rder t assess airbre putats eissis the 
prttype pat has bee csidered as a eissive 
surce reative t particuate atter with P10 as 
idicatr The Eurpea P10 iit vaues fr ife 
evirets 34 are csidered y idicative sice 
they represet ccetrati iits at the receptr f 
daage The stadard ethdgy 35 was appied 
fr easurig the ccetrati f particuate atter 
cse t the eissive surces (ear fied) T assess 
hw a surce f eissis cud ifuece a territry 
gter sapig itrig ear the receptrs pit 
shud be desiged i rder t bserve the dificati 
i air quaity The ai f the carried ut easureets 
is t assess the pressures  the territry derivig by 
the surces 

The itrig resuts shw a vera eissive 
fraewr cpatibe with the territry With the 
excepti f few vaues csiderig as the presece 
f utiers ad the dirty rad ear the easurig pit 
the P10 itrig capaig has t evideced a 
cear ipact fr the prttype pat at the testig 
cati  

The resuts were cpatibe with the quaitative 
assesset de thrugh the appicati f the ethd 

Ideed the eissis derivig fr this id f syste 
are t sigificat i a case by case assesset but the 
utces cfir the eed t assess the cuuative 
ipacts i the hypthesis f differet pats i the 
sae territry The best way t assess the is the 
deig f the grud ccetrati thugh 
dispersi de This issue has bee csidered i 
ther pubicatis 10 11 The resuts have shw a 
perceivabe reducti f P ccetrati if the 
der appicati f a wd heatig syste was 
cuped with ather reewabe surce (ie 
phtvtaic syste) ad iprved buidig eergy 
perfrace  

6 Conclusions 

The eed t dea quicy ad puctuay with the 
evireta usustaiabiity f the varius ecic 
sectrs has ed t the eed t quicy assess whether 
the prpsed sutis are actuay iprveets t 
y i ters f ca ipact but as  a arger scae 

The ai f the research was t idetify a 
ethdgy fr expeditius aaysis The ethd f 
aaysis was directed t tw differet etities—the 
peratrs f the frest wd eergy sectr ad the ca 
authrities Therefre it had t esure a expeditius 
ad cprehesive study f the aspects csidered 
ad at the sae tie the sustaiabiity f this suti 
with a view f the territria spreadig 

The ai issue et durig the devepet f the 
ethdgy was its eed t be suitabe t fte very 
differet wrpaces ad techgica ateratives 
Fr this reas ce the ethdgy was drafted it 
was appied t case studies begig t differet 
ets f the suppy chai t vaidate it by taig 
it accut the highest uber f pssibe typica 
characteristics The ethd has therefre bee 
ipeeted accrdig t the btaied resuts ad the 
difficuties experieced 

The appied ad vaidated ethdgy fit 
adequatey t the differet specificities f the idetified 
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case study ad ade it pssibe t idetify the 
criticaities case by case  

The vaidati f the ethd thrugh the 
appicati f stadardised ethdgies shws hw 
the deveped ethdgy ca be csistet with the 
ais f the research ad suitabe accrdig t the 
csidered pits f view 

Whie i the appicati t a sige case the 
ethdgy resuted as cpatibe with the ais f 
the research the eed t ipeet dedicated ts t 
assess the cuuative ipacts f differet pats as a 
de fr the dispersis f putats has eerged 
fr the vaidati Therefre i the case f the 
adpti f this desig hypthesis by the ca 
authrities the ethdgy shud icude the 
itegrati cstituted by dedicated easureets 
evauati f resurces avaiabiity ad evetuay 
putat dispersi des 

References 

1. European Parliament; Council of the European 
Union Directive 2014/52/EU of the European 
Parliament and of the Council of 16 April 2014 
amending Directive 2011/92/EU on the 
assessment of the effects of certain public and 
private projects on the environment. Off. J. Eur. 
Union, 124, 1–18 (2014). 

2. European Commission SMEs and the 
Environment in the European Union (2010). 

3. Hasle, P.; Limborg, H.J. A review of the literature 
on preventive occupational health and safety 
activities in small enterprises. Ind. Health, 44, 6–
12 (2006). 

4. Verma, V.K.; Bram, S.; De Ruyck, J. Small scale 
biomass heating systems: Standards, quality 
labelling and market driving factors – An EU 
outlook. Biomass and Bioenergy, 33, 1393–1402 
(2009). 

5. Goryunov, A.; Goryunova, N.; Ogunlana, A.; 
Manenti, F. Production of energy from biomass: 
near or distan future prospects? Chem. Eng. 
Trans, 52 (2016). 

6. Stolarski, M.J.; Krzyżaniak, M.; Warmiński, K.; 
Śnieg, M. Energy, economic and environmental 
assessment of heating a family house with 
biomass. Energy Build, 66, 395–404 (2013). 

7. Klavs, G.; Kudrenickis, I.; Kundzina, A. Analysis 
of Competitiveness and Support Instruments for 
Heat and Electricity Production from Wood 
Biomass in Latvia. Latv. J. Phys. Tech. Sci, 49, 3–
13 (2012). 

8. Smeets, E.M.W.; Faaij, A.P.C. Bioenergy 
potentials from forestry in 2050. Clim. Change, 
81, 353–390 (2006). 

9. Madlener, R.; Koller, M. Economic and CO2 
mitigation impacts of promoting biomass heating 
systems: An input–output study for Vorarlberg, 
Austria. Energy Policy, 35, 6021–6035 (2007). 

10. Pognant, F.; Bo, M.; Nguyen Chi, V.; Salizzoni, 
P.; Clerico, M. Modelling and evaluation of 
emission scenarios deriving from wood biomass 

boilers in alpine valley. Proceedings of the 
HARMO 2017 - 18th International Conference on 
Harmonisation within Atmospheric Dispersion 
Modelling for Regulatory Purposes, 2017; (2017). 

11. Pognant, F.; Bo, M.; Nguyen, C.V.; Salizzoni, P.; 
Clerico, M. Design, Modelling and Assessment of 
Emission Scenarios Resulting from a Network of 
Wood Biomass Boilers. Environ. Model. Assess, 
23, 157–164 (2018). 

12. Vicente, E.D.; Alves, C.A. An overview of 
particulate emissions from residential biomass 
combustion. Atmos. Res, 199, 159–185 (2018). 

13. Handler, R.M.; Shonnard, D.R.; Lautala, P.; 
Abbas, D.; Srivastava, A. Environmental impacts 
of roundwood supply chain options in Michigan: 
life-cycle assessment of harvest and transport 
stages. J. Clean. Prod. 2014, 76, 64–73. 

14. Neri, E.; Cespi, D.; Setti, L.; Gombi, E.; Bernardi, 
E.; Vassura, I.; Passarini, F.; Neri, E.; Cespi, D.; 
Setti, L.; et al. Biomass Residues to Renewable 
Energy: A Life Cycle Perspective Applied at a 
Local Scale. Energies, 9, 922 (2016). 

15. Mendoza, G.A.; Prabhu, R. Development of a 
Methodology for Selecting Criteria and Indicators 
of Sustainable Forest Management: A Case Study 
on Participatory Assessment. Environ. Manage, 
26, 659–673 (2000). 

16. Tissari, J.; Lyyränen, J.; Hytönen, K.; Sippula, O.; 
Tapper, U.; Frey, A.; Saarnio, K.; Pennanen, A.S.; 
Hillamo, R.; Salonen, R.O.; et al. Fine particle 
and gaseous emissions from normal and 
smouldering wood combustion in a conventional 
masonry heater. Atmos. Environ, 42, 7862–7873 
(2008). 

17. Tissari, J.; Hytönen, K.; Lyyränen, J.; Jokiniemi, 
J. A novel field measurement method for 
determining fine particle and gas emissions from 
residential wood combustion. Atmos. Environ, 41, 
8330–8344 (2007). 

18. Meyer, N.K. Particulate, black carbon and organic 
emissions from small-scale residential wood 
combustion appliances in Switzerland. Biomass 
and Bioenergy, 36, 31–42 (2012). 

19. Arshadi, M.; Geladi, P.; Gref, R.; Fjällström, P. 
Emission of Volatile Aldehydes and Ketones 
from Wood Pellets under Controlled Conditions. 
Ann. Occup. Hyg, 53, 797–805 (2009). 

20. Bruschweiler, E.D.; Danuser, B.; Cong, K.H.; 
Wild, P.; Schupfer, P.; Vernez, D.; boiteux, P.; 
Hopf, N.B. Generation of polycyclic aromatic 
hydrocarbons (PAHs) during woodworking 
operations. Cancer Epidemiol. Prev, 2, 148 
(2012). 

21. Bugge, M.; Skreiberg, Ø.; Haugen, N.E.L.; 
Carlsson, P.; Seljeskog, M. Predicting NOx 
Emissions from Wood Stoves using Detailed 
Chemistry and Computational Fluid Dynamics. 
Energy Procedia, 75, 1740–1745 (2015). 

22. Hays, M.D.; Smith, N.D.; Kinsey, J.; Dong, Y.; 
Kariher, P. Polycyclic aromatic hydrocarbon size 
distributions in aerosols from appliances of 
residential wood combustion as determined by 



6

E3S Web of Conferences 119, 00011 (2019)	 https://doi.org/10.1051/e3sconf/201911900011
Science and the Future 2

 

 

direct thermal desorption—GC/MS. J. Aerosol 
Sci, 34, 1061–1084 (2003). 

23. Calvo, A.I.; Tarelho, L.A.C.; Alves, C.A.; Duarte, 
M.; Nunes, T. Characterization of operating 
conditions of two residential wood combustion 
appliances. Fuel Process. Technol, 126, 222–232 
(2014). 

24. Caseiro, A.; Bauer, H.; Schmidl, C.; Pio, C.A.; 
Puxbaum, H. Wood burning impact on PM10 in 
three Austrian regions. Atmos. Environ, 43, 2186–
2195 (2009). 

25. Favez, O.; Cachier, H.; Sciare, J.; Sarda-Estève, 
R.; Martinon, L. Evidence for a significant 
contribution of wood burning aerosols to PM2.5 
during the winter season in Paris, France. Atmos. 
Environ, 43, 3640–3644 (2009). 

26. Kim, K.-H.; Kabir, E.; Kabir, S. A review on the 
human health impact of airborne particulate 
matter. Environ. Int, 74, 136–143 (2015). 

27. Gerasopoulos, E.; Kouvarakis, G.; Babasakalis, 
P.; Vrekoussis, M.; Putaud, J.-P.; Mihalopoulos, 
N. Origin and variability of particulate matter 
(PM10) mass concentrations over the Eastern 
Mediterranean. Atmos. Environ, 40, 4679–4690 
(2006). 

28. Bo, M.; Clerico, M.; Pognant, F. Application of 
risk analysis to improve environmental 
sustainability of forest yards in wood-energy 
chain. Int. Sci. Journal, J. Environ. Sci, 2015, 
125–130 (2015). 

29. Bo, M.; Fargione, P.; Maida, L.; Pognant, F. 
Occupational Safety and Health and 
Environmental Safety criticalities depending on 
geo-economic areas: a focus on mining and 
quarrying activities. Proceedings of the 
Prevention of accidents at work; ; 8 (2017). 

30. EEA Environmental indicators: Typology and 
overview (1999). 

31. Bo, M.; Clerico, M.; Pognant, F. Analytical 
method for environmental data representativeness 
of a territory. Geoing. Ambient. e Mineraria, 144 
(2015). 

32. Pognant, F. Environmental sustainability and 
Occupational Safety and Health in the forest 
energy chain for small generation systems. 
(2019). 

33. EN 303-5:2012 Heating boilers-Part 5: Heating 
boilers for solid fuels, manually and automatically 
stoked, nominal heat output of up to 500 kW-
Terminology, requirements, testing and marking 
(2012). 

34. European Commission Directive 2008/50/EC of 
the European Parliament and of the Council of 21 
May 2007 on ambient air quality and cleaner air 
for Europe (2008). 

35. CSN EN 12341, E.S. CSN EN 12341 - Ambient 
air - Standard gravimetric measurement method 
for the determination of the PM10 or PM2,5 mass 
concentration of suspended particulate (2014). 


