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GENERAL ASPECTS AND LIFE CYCLE ASSESSMENT

Sustainable development

“To meet the needs of the present without compromising the ability of 

future generations to meet their needs” (Our common future, 1987)

Brundtland Commission 

Tripple Bottom Line

ENVIRONMENTAL
planet

SOCIAL
people

ECONOMIC
profit

Liveablity

Equity

Eco‐efficiency
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Presentation Notes
In recent years, more people have begun to associate the term with sustainable development or sustainability. Sustainable development carries many definitions, the most common of which was articulated by the UN’s Brundtland Commission in 1987: “development that meets the needs of the present without compromising the ability of future generations to meet their own needs. ”From the perspective of organizations, the goal of sustainable development –often referred to in the shorthand as sustainability –entails meeting the “Triple Bottom Line” of economic, social and environmental responsibility. It is about fostering respect for people and other living things while at the same time wisely using and managing environmental and economic resources. It calls for a careful balancing that takes into account the interests of key stakeholders—employees, customers, suppliers, investors, governments, and others—the very parties whose support is critical to the success of any organizationSustainable development is defined as balancing the fulfillment of human needs with the protection of the natural environment. A common definition of sustainable development is "development that meets the needs of the present without compromising the ability of future generations to meet their own needs." The field of sustainable development can be conceptually broken into three constituent parts: environmental protection, economic sustainability, and social justice.�



GENERAL ASPECTS AND LIFE CYCLE ASSESSMENT

Life Cycle Thinking

“everyone in the whole chain of a 
product's life cycle has a responsibility 

and a role to play”

Presenter
Presentation Notes
El LCT es esencial en para el desarrollo sostenible. Según la IPP (Integrated Product Policy) para los estados de la UE, todos los productos causan una degradación medioambiental de alguna manera,ya sea desde su producción, uso o disposición final. En este sentido la IIP trata de minimizar esa degradación a lo largo de todas las fases de su ciclo de vida intentando buscar mejorasThe concept of Life Cycle Thinking (LCT) aims at supporting decisions in public policy and in the private sectors by considering effects along the supply-chain and during the use and end-of-life management of products that may counteract improvements made in other stages of the life cycle.A product system, or life cycle can begin with extracting rawmaterials from natural resources in the ground and generating energy.Materials and energy are then part of production, packaging, distribution, use,maintenance, and eventually recycling, reuse, recovery or final disposal.



GENERAL ASPECTS AND LIFE CYCLE ASSESSMENT

Life Cycle Management

STRATEGY: LIFE CYCLE MANAGEMENT

LCM is the application of life cycle thinking to modern business practice

with the aim to manage the total life cycle of an organization’s products

and services towards more sustainable consumption and production

• Check-lists

• Cost Benefit Analysis (CBA)

• Cumulative Energy Requirement Analysis (CERA)

• Environmental Impact Assessment (EIA)

• Environmental Risk Assessment (ERA)

• Input-Output Analysis (IOA)

• Life Cycle Assessment (LCA): Basically, it aims at specifying the environmental 
consequences of  products or services from cradle to grave.

• Material Flow Accounting / Substance Flow Analysis (MFA/SFA)

• Material Intensity Analysis (MIA)

• Multi-Criteria Analysis (MCA)

TOOLS
• Check-lists

• Cost Benefit Analysis (CBA)

• Cumulative Energy Requirement Analysis (CERA)

• Environmental Impact Assessment (EIA)

• Environmental Risk Assessment (ERA)

• Input-Output Analysis (IOA)

• Life Cycle Assessment (LCA): Basically, it aims at specifying the environmental 
consequences of  products or services from cradle to grave.

• Material Flow Accounting / Substance Flow Analysis (MFA/SFA)

• Material Intensity Analysis (MIA)

• Multi-Criteria Analysis (MCA)

Presenter
Presentation Notes
La claver será la integración de aspectos sostenibles en todas las actividades del ciclo de vida



GENERAL ASPECTS AND LIFE CYCLE ASSESSMENT

Life Cycle Assessment

September 14th, 2009

LCA studies environmental aspects and 
potential impacts through the product’s 
life cycle (from cradle to grave), from raw 
material acquisition to production, use, 

and final disposal
(ISO 14040: 2006)

A technique for assessing the environmental aspects and potential impacts associated 
with a product by: compiling an inventory of relevant inputs and outputs of a product 
system, evaluating the potential environmental impacts associated with those inputs 

and outputs and interpreting the results of the inventory analysis and impact 
assessment phases in relation to the objectives of the study.
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Presentation Notes
La política medioambiental se centra hoy en día en la transición hacia patrones de consumo y procesos productivos sostenibles. El conocimiento del impact ambiental  de ambos es indispensable para lograr una mejor actuación en las industrias y en los consumidores. El análisis integrado de todos los impactos ambientales desde la cuna hasta la tumba es la base para lograrlo, y el ACV es empleado para ello



LIFE CYCLE ASSESSMENT

Stages

‘‘LCA can be a very valuable tool for incorporating environmental 

aspects in the development of  more sustainable systems’’
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(ISO 14040 created in 1997‐2000, revised in 2006)
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Presentation Notes
Although the LCA is being used more frequently to evaluate the environmental impacts of industrial production systems, it has been undertaken for Agriculture and Forestry activities.The LCA process is a systematic, phased approach and consists of four components: LCA studies can be divided in 4 stages



Forest sector fulfils all the requisites for making important contributions to a

sustainable and competitive European society

Forest biomass is an important supplier

of fodder, feed and fuel

Based on renewable resource: wood

SIGNIFICANCE OF FOREST  BASED SECTOR

Forest sector (1/2)

Presenter
Presentation Notes
30% total forest based products in the world8% of manufacturing added value in the EU177 million ha (40% of the EU territory)130 million ha for wood supply€ 380 billion turnoverAdded value: 116 billion €El sector forestal es un sector multifuncional que comprende todas las actividades que usan el bosque como un recurso para producir bienes y servicios



SIGNIFICANCE OF FOREST  BASED SECTOR

Forest sector (2/2)

Paper & Pulp
manufacture

Paper & Board
converting

PrintingWoodworking

Furniture PULP INDUSTRY

Presenter
Presentation Notes
Forest sector is formed by the following value chains:In this thesis, two kind of wood based products will be assessed in detail: Wood pulp and Wood panels 



Pulp industry was selected …
… due to its important role in the structure of European
economy and society
… paper pulp production is increasing every year

Spain holds the 5th position in Europe as cellulose
producer
National production of 2.0 million tons of pulp

National production of 8.3 million tons of pulp

SIGNIFICANCE OF FOREST  BASED SECTOR

Forest sector

Eucalypt

Pine & spruce
Sweden holds the 2nd position in Europe as cellulose
producer

Presenter
Presentation Notes
Meter escaneada la figura del uso del papel en la vida cotidianaThis thesis aims to assess the environmental burdens associated to two  kind of wood based pulps: Kraft pulp in Spain from Eucalypt and Dissolving pulp in Sweden from a combination of Spruce and Pine by means of a TCF bleaching process 90% of the virgin pulp is derived from wood raw materials Kraft cooking and TCF bleaching processes lead the European paper pulp production		Eucalypt is the key raw material in South-western European countries Dissolving pulp production is increasing	       Pine and spruce from cool northern climates of Europe and North America



Pulp Mill 

SIGNIFICANCE OF FOREST  BASED SECTOR

Forest sector

KRAFT TCF PULP

DISSOLVING TCF PULP
Forest 

Operations



Pulp Mill 

SIGNIFICANCE OF FOREST  BASED SECTOR

Forest sector

KRAFT TCF PULP

DISSOLVING TCF PULP

González‐García, S. et al., 2009. Evaluation of Forest Operations in Spanish Eucalyptus Plantations under a Life Cycle
Assessment Perspective. Scandinavian Journal of Forest Research, 24(2): 160‐72.
González‐García, S., et al., 2009. Environmental Impacts of Production and Supply of Pulpwood: Spanish and Swedish Case
Studies. International Journal of Life Cycle Assessment, 14: 340‐53
González‐García, S., et al., 2009. Comparative Environmental Assessment of wood transport models. A case study of a
Swedish Pulp Mill. Science of the Total Environment, 407: 3530‐9.

Forest 
Operations



SIGNIFICANCE OF FOREST  BASED SECTOR

European status (2/2)

FORESTRY

177 million ha (40% of the EU territory)
130 million ha for wood supply

Largest areas covered with forests and
other wooded land:
1. Sweden (31 million ha)
2. Spain (28 million ha)
3. Finland (23 million ha)
4. France (17 million ha)
5. Germany & Italy (both 11 million ha)

Growing stock volume
Sweden: 3191 million m3

Spain: 889 million m3
SPAIN

SWEDEN

Source: European Commission, 2009

Presenter
Presentation Notes
The largest area covered with forests and other wooded land was found in Sweden (31 million hectares), Spain (28 million hectares),Finland (23 million hectares), France (17 million hectares), Germany and Italy (both 11 million hectares). Available for wood supplySweden: 69%Spain: 37% SUECIA: 27.5 MILLONES DE HA DE FOREST LANDESPAÑA: 18 MILLONES DE HA DE FOREST LAND



SIGNIFICANCE OF FOREST  BASED SECTOR

Swedish forestry

6797
5980

5247 5013

647 710 795 942

Norra Norrland Södra Norrland Svealand Götaland

Forest land area (1000 ha) Growing stock (million m3 standing volume)

49.8

37.2
42.5

28.529.2

42.8 39.4
47.4

21 20 18.1
24.1

Norra Norrland Södra Norrland Svealand Götaland

Scots pine Norway spruce Others

Central Sweden

South Sweden

Main raw materials for paper pulp production (high quality
dissolving pulp)

Source: Swedish Forest Agency, 2008

Scots pine

Norway spruce



SIGNIFICANCE OF FOREST  BASED SECTOR

Spanish forestry

Source: Anuario de Estadística Forestal, 2006

Production capacity
1. Eucalyptus sp.
2. Pinus pinaster
3. Pinus radiata
4. Pinus sylvestris
5. Populus sp.

Eucalyptus sp. Woodland distribution (ha)Eucalyptus sp. Roundwood production (m3)

Galicia (NW Spain)
Eucalyptus plantation is one of the most

widespread forest crops in this region (40% of
the total Spanish production)
Main raw material for paper pulp

production (high quality kraft pulp)

Presenter
Presentation Notes
The growing conditions are favourable in the NorthCut down, chop down



FOREST OPERATIONS IN WOOD CHAIN

System boundaries

CUT-OVER CLEARING SOIL SCARIFICATION

FERTILIZATION 

PLANTING

SILVICULTURE OPERATIONS SUBSYSTEM

CLEANING

PESTICIDE APPLICATION WORKERS TRANSPORT

THINNING FINAL FELLING 

FORWARDING

LOGGING OPERATIONS SUBSYSTEM

WORKERS TRANSPORT

LOADING STEP TRANSPORT BY 
ROAD

TRANSPORT BY 
ROAD

SECONDARY HAULING SUBSYSTEM

DE-LOADING STEP

TRANSPORT BY SHIP

FUNCTIONAL UNIT

1 m3 of industrial 
pulpwood under bark

Presenter
Presentation Notes
White boxes are common for both case studies (SP and SW), spotted boxes occur at the Swedish case study and stripedboxes at Spanish case studyInclude all activities from soil management to wood delivery to pulp mill gate
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FOREST OPERATIONS IN WOOD CHAIN

Inventory data (1/2)

Spanish Eucalypt plantation
Silviculture Operations

Cut‐over clearing 9.3 MJ
Soil scarification 21.0 MJ

Planting ‐‐‐
1st Fertilization ‐‐‐

1st Pesticide application 2.8 MJ

Cleaning 27.9 MJ
Fertilization

11.2 MJ
Pesticide application

Fertilizers production 41.4 MJ

Pesticides production 0.11 MJ

Workers transportation 2.5 MJ

Total energy use 116.2 MJ
Logging Operations

Final Felling 83.9 MJ

Extraction 69.9 MJ
Workers transportation 1.4 MJ

Total energy use 155.1 MJ

Secondary Hauling
Lorry
Max. weight 40 t
Cargo capacity 25 t
Load factor 50%
Distance 90 km
Empty fuel consumption 0.35 L/km
Full fuel consumption 0.60 L/km

Total energy use  123.8 MJ

~ 395 MJ/m3sub

Presenter
Presentation Notes
Forest operations were assessed during a period of 1 year (2006-2007)Spanish eucalypt woodland company and completed with bibliografic sources and databases.Energy requirements in each forest activity (and production of energy carriers), chemicals production and transport as well as diffuse emissions from chemicals application (using emission factors).Aspectos a destacar



FOREST OPERATIONS IN WOOD CHAIN

Inventory data (2/2)

Swedish Spruce & Pine plantations

Central 
Sweden

South 
Sweden

Swedish 
Scenario

Silviculture Operations
Cut‐over clearing 0.05 MJ 0.05 MJ 0.05 MJ
Soil scarification 2.9 MJ 2.1 MJ 2.6 MJ

Planting 1.2 MJ 0.59 MJ 0.94 MJ
Fertilization 1.2 MJ ‐‐‐ 0.73 MJ

Cleaning 1.2 MJ 0.36 MJ 0.87 MJ
Fertilizers production 6.3 MJ ‐‐‐ 6.3 MJ

Workers transp ‐‐‐ ‐‐‐ ‐‐‐
Total energy use 11.7 MJ 3.1 MJ 11.5 MJ

Logging Operations
Thinning 60.5 MJ 39.8 MJ 52.2 MJ

Final Felling 30.0 MJ 26.6 MJ 28.6 MJ
Extraction 54.3 MJ 55.7 MJ 54.9 MJ

Workers transportation ‐‐‐ ‐‐‐ ‐‐‐

Total energy use 114.8 MJ 122.1 MJ 135.7 MJ

~ 370 MJ/m3sub

Swedish Scenario
Secondary 
Hauling

Baltic Countries 
(25%)

South Sweden 
(30%)

Central Sweden 
(45%)

Lorry
Max. weight 40 t 60 t 60 t
Cargo capacity 25 t 40 t 40 t
Load factor 57% 57% 50%
Distance 100 km 100 km 100 km
Empty fuel 
consumption

0.45 L/km 0.45 L/km 0.45 L/km

Full fuel 
consumption

0.62 L/km 0.62 L/km 0.62 L/km

Ship
Load 3200 m3 3200 m3 ‐‐‐
Distance  414 nm 368 nm ‐‐‐
Fuel 
consumption

0.01 L/t∙km 0.01 L/t∙km ‐‐‐

Total energy use 
94 MJ 89 MJ 40 MJ

223 MJ

Presenter
Presentation Notes
Two Swedish Norway Spruce and Scots Pine  plantations located in Central and South Sweden.Inventory data were collected by means of surveys from Swedish plantations workers and completed with bibliografic sources, databases and Skogforsk experts75% of total softwood processed comes from Swedish plantations and the 25% from Baltic countries plantations. Imports in Swedish pulp mills varies strongly each year. Therefore and in order to summarize the inventory data collection since it was really difficult to collect good inventory data, it was assumed that there is no large differences between forest practices in Sweden and Baltic countries. This assumption was based on several reports. So, inventory data concerning silvicultural and logging subsytems were extrapoled to stands placed in Baltic countries in the following ratios: 40% from South Sweden and 60% from Central Sweden 



FOREST OPERATIONS IN WOOD CHAIN

LCIA of forest operations

Impact Category Acronyms:
GW = Global Warming // EP = Eutrophication // 
AC = Acidification // PO = Photochemical Oxidants 
Formation // EU = Energy Use
Scenario Acronyms:
SP = Spanish scenario // SW = Swedish scenario
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Presentation Notes
Impact assessment phase was carried out considering characterisation factors from Swedish Environmental Management Council and in particular GW, EP, AC, PO and EU were the impact categories considered under studyIn this figure it is shown a comparison between the environmental performance of both case studies: Spain (harwood) and Sweden (softwood)The mechanised degree, effective time work as well as nature of stands influence the resultsSpanish case study requires lightly more energy than Swedish. The more intensive subsystems were logging operations in SP (mainly due to the harvester and forwarder) and secondary hauling in the SW (due to the domestic and international transport by boat)Spanish scenario: logging operations are hightly mechanised and P based fertilizing in EPSwedish scenario: secondary hauling mainly due to the transport by ship in all impact categories



FOREST OPERATIONS IN WOOD CHAIN

LCIA of forest operations
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Impact Category Acronyms:
GW = Global Warming // EP = Eutrophication // 

AC = Acidification // PO = Photochemical Oxidants Formation
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Presentation Notes
Impact assessment phase was carried out considering characterisation factors from Swedish Environmental Management Council and in particular GW, EP, AC, PO and EU were the impact categories considered under studyIn this figure it is shown a comparison between the environmental performance of both case studies: Spain (harwood) and Sweden (softwood)The mechanised degree, effective time work as well as nature of stands influence the resultsSpanish case study requires lightly more energy than Swedish. The more intensive subsystems were logging operations in SP (mainly due to the harvester and forwarder) and secondary hauling in the SW (due to the domestic and international transport by boat)Spanish scenario: logging operations are hightly mechanised and P based fertilizing in EPSwedish scenario: secondary hauling mainly due to the transport by ship in all impact categories



FOREST OPERATIONS IN WOOD CHAIN

Remarks

Silviculture operations:

• Optimum dosage of fertilizer (NPK) & moment of application (climatic conditions)

• Introduction of furrowers and/or mowers in cleaning stages as well as motor‐

manual methods

Improvement options

Logging operations:

• Motor‐manual vs mechanized

• Spanish effective work time (h/ha) really high

•Introduction of harwarders (felling + forwarding) & hybrid forwarders

20‐50% energy consumption reduction

Secondary hauling: transport by electric train

Presenter
Presentation Notes
In SP scenario, larger engines are used in cleaning and soil scarification step



FOREST OPERATIONS IN WOOD CHAIN

LCIA of forest operations

Swedish scenario

Secondary hauling is a hot spot

60% of total energy requirement

5 Scenarios:

Transport systems combination 

+ Baltic wood imports

Electric train

Diesel train

Boat

Lorry
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Presenter
Presentation Notes
In SW case study, transport by lorry and boat was assumed. However, and due to the location of the mill (in North Sweden), it is possible to include transport by train when wood is transported from South Sweden. In fact, this is the second most important transport alternative of roundwood in Sweden.In addition, imports of wood in Swedish pulp mills varies strongly each year so several alternatives were proposed considering the influence of wood imports and transport system combinationsSC1 is the current scenarioSC2 is an alternative scenario inluding transport by electric and diesel train when wood is transported from South SwedenSC3 is an alternative scenario increasing the wood imports from 25% to 40%SC4 is an alternative scenario reducing the wood imports from 25% to 10%SC5 is an alternative scenario including transport by train in SSW and reduction of wood imports from 25% to 15%Scenarios which include electric train reduce considerably the contributions to all impact categories due to the high dependence of Swedish electric profile on renewable sources
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