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Lesson 7 
 
 

Analysing a project:  
(1) SWOT analysis,  

(2) Life Cycle Assessment. 
Tool and Methodology  

 



All industrialised countries share these 
concerns and compete to find the new 
energy technologies which their market will 
need, ensuring them with technological 
advantages and economic benefits. 
Climate change, the depletion of fossil fuel 
resources and population growth are driving 
the search for better, cleaner and more 
efficient ways to produce, distribute and use 
energy. That’s why the EC conducted a 
SWOT analysis of the priority energy 
technologies by comparing its present 
situation with that of its main competitors, 
Japan and the USA.  
Europe’s competitors have industrial 
policies which target specific sectors and 
technologies. They aim to improve and 
strengthen domestic industries and this 
strategy is typified by their energy research 
programmes.  
Whenever they use public funds to support 
R&D programmes precise research and 
performance goals are set and it is 
significant that their competitiveness in 
terms of cost are evaluated. This approach 
helps to keep efforts focused on 
technologies which are most likely to 
become commercially viable.  
 

 

For Europe, it is vital for energy research and development to provide 
alternative energy options by making energy services available without 
excessive costs, reducing dependence on oil and gas, mitigating climate 
change and developing competitive sustainable energy technologies. 



SWOT Analysis – EUROPE - Biomass 



SWOT Analysis – EUROPE – Fuel Cells 













Sustainable Development requires balancing environmental, 
economic and social factors 

Worldwide growing interest in the life 
cycle concept is being ignited by 

•  Concerns about Global Climate Change (“An Inconvenient 
Truth”) 

•  Walmart Scorecard development 
•  Green/Sustainable buildings 
•  General interest by companies to be ‘green’ 

  
                                                                                              
                                                                                                 
                                                                                              
                                                                 
                                                                                                                                                                                          
  

LCA provides analysts with a quantitative data to determine and 
analyses the environment impact of such product / system and 
enable changes to be made to justify in respect to the cost and 
environmental impacts of the product/process. 



What is Life Cycle Analysis (LCA)

• United Nations Environment Programme - tool 
for the systematic evaluation of the 
environmental aspects of a product or service 
system through all stages of its life cycle

• often termed as “cradle to grave”- starts from 
raw material to final disposal of the product

• Looks into all the processes/stages  & considering 
environmental aspects and potential impacts of 
the process/stages, considering all the inputs and 
outputs 

LCA provides analysts with a quantitative data to 
determine and analyses the environment impact of 
such product / system and enable changes to be made 
to justify in respect to the cost and environmental 
impacts of the product/process. 



Life-cycle –
Identify the boundaries



Life Cycle Thinking = Taking account 
of the environmental, social, economic 
impacts of a product over its entire life 
cycle 

Life Cycle Assessment 

Developed in the late 1960s/early 1970s. 

Evolved from “eco-profiles” to current 4 basic, interdependent 
stages of an LCA: 

•  Goal and Scope 
•  Inventory Analysis 
•  Impact Assessment 
•  Interpretation 

History of LCA 

Life cycle thinking is being applied but often not called LCA. 
For example: “Report Biofuels: Is the Cure Worse than 
the Disease?”, OECD, Sept 2007 
These studies reveal bigger picture issues of making (more) 
bioethanol, such as land availability, water use, soil and 
water quality, and food-for-fuel issues. 
 



LCA is a decision-making tool used to identify environmental burdens and evaluate the potential 
environmental impacts of goods or services over their life cycle from cradle-to-grave. 
 
LCA has been standardized under the International Organization for Standardization (ISO) and 
forms the conceptual basis for a number of management approaches and standards that consider the 
life cycle impacts of product systems. 
System Boundaries 



LCA metrics commonly used also as  
environmental management tool …. to: 

1.  Apply a system-wide examination 
2.  Use a multi-media approach (air, water, solid waste) 
3.  Identify trade-offs among alternatives 
4.  Identify opportunities to improve systems 
5.  Support environmental decision making 
6.  Achieve sustainable development 

International/U.S. sources identified and defined  key metrics, addressing: 
•  Energy Demand 
•  Global Warming 
•  Ozone Depletion 
•  Water Footprint 
•  Eco and Human Toxicity Assessment  
•  Land Use 

ü  Product environmental/energy attributes 
ü  Trade-offs 
ü  Consideration of life cycle stages, unit processes and 

flows 

LCA is the Right Tool to examine: 



What Can LCA Do? 

•  Highlight value chain efficiency opportunities 

•  Promote understanding of product manufacture and delivery 
systems 

•  Identify areas in value chain that need improvement 

•  Ensure that changes do not “shift the burden” 

•  Highlights trade offs 

•  Compare two systems that deliver same service 

•  Benchmark progress 

•  Provide footprinting data 

•  Support environmental claims 



A tool for … 
Integrated Decision Making 

•  Review of decision making process and tools – 
including and separate from an LCA  

•  Summary of the strengths and limitations of an LCA 









Emissions (CFCs, etc…) 

Chemical reaction releases Cl- and Br- 

Cl-, Br- destroys ozone  
MIDPOINT measures ozone depletion potential (ODP) 

Less ozone allows increased UVB radiation  
which leads to following ENDPOINTS 

immune system suppression 

skin cancer 

marine life damage 

damage to materials like plastics 

crop damage 

Impact Category          Indicator Measurement 
❒  Resources                       kg Scarce Resources 
❒  Water    m3 Water 
❒  Global Warming   kg CO2 equivalents 
❒  Ozone Depletion   CFC-11 equivalents 
❒  Acidification   kg SO2 equivalents 
❒  Eutrophication        kg PO4

3- equivalents 
❒  Smog Formation   kg Ethene equivalents 
❒  Human Toxicity   HTx equivalents 
❒  Eco Toxicity   ETx equivalents 
❒  Waste    kg Waste 
❒  Land Use   equivalent hectares 
❒  Noise    equivalent decibels 
❒  Odor     ??                            

Impact Assessment  
Common Impact Categories 



Methological preconditions  
Data Availability, Quality and 

Sources 
1.  Basic data quality requirements to consider 

before conducting an LCA 
2.  Different types of data:  

•  Primary company data  
•  Public or purchased data 

•  National LCI database still being developed (www.nrel.gov/lci) 
•  Data come from many different sources, such as: 

−  Proprietary company data 
−  Consultants, labs, universities 
−  Public, e.g., Toxics Release Inventory (EPA)  

•  Databases use different units or different reference flows; 
report on different time periods 

•  Often more than one source is needed to calculate the 
necessary inventory data 

•  Data for new products must be estimated 

Data availability is a barrier to 
conducting LCAs 



Standardized tool&process  for conducting LCAssessment 

•  ISO 14040 “Life Cycle Assessment – Principles and Framework” 1997 
•  ISO 14044 “Life Cycle Assessment – Requirements and Guidelines” 

2006 

* ISO – International Standards Organisation 

Goal and
Scope

Definition

Inventory
Analysis

Impact
Assessment

Interpretation

Life cycle assessment framework

ISO 14040 Standards 



Life cycle perspective - what  ISO14001 includes 
 
Why include life cycle perspective? 
According to ISO 14001 - A systematic approach to environmental management can provide top management with information to build success over the 
long term and create options for contributing to sustainable development by controlling or influencing the way the organization's products and services 
are designed, manufactured, distributed, consumed and disposed by using a life cycle perspective that can prevent environmental impacts from being 
unintentionally shifted elsewhere within the life cycle. 
What is a life cycle? 
The definition of life cycle is ‘Consecutive and interlinked stages of a product (or service) system, from raw material acquisition or generation from 
natural resources to final disposal. Life cycle stages include acquisition of raw materials, design, production, transportation/delivery, use, end-of- life 
treatment and final disposal.’ 
Is a life cycle assessment a requirement in ISO 14001? 
No, it is not a requirement as clearly stated in Annex to ISO 14001 A6.1.2: ‘When determining environmental aspects, the organization considers a life 
cycle perspective. This does not require a detailed life cycle assessment; thinking carefully about the life cycle stages that can be controlled or 
influenced by the organization is sufficient. Typical stages of a product life cycle include raw material acquisition, design, production, transportation/
delivery, use, end-of-life treatment and final disposal. The life cycle stages that are applicable will vary depending on the activity, product or service.‘ 
Why consider life cycle perspective? 
The reason according to ISO 14001 is that ‘Some of the organization’s significant environmental impacts can occur during the transport, delivery, use, 
end-of-life treatment or final disposal of its product or service. By providing information, an organization can potentially prevent or mitigate adverse 
environmental impacts during these life cycle stages. The organization considers the extent of control or influence that it can exert over activities, 
products and services considering a life cycle perspective. 

Guidance from ISO 14004  -   Practical help – Life cycle perspective 
A life cycle perspective includes consideration of the environmental aspects of an organization’s activities, products, and services that it can control or 
influence. Stages in a life cycle include acquisition of raw materials, design, production, transportation/delivery, use, end of life treatment, and final 
disposal. 
When applying a life cycle perspective to its products and services, the organization should consider the following: 
- the stage in the life cycle of the product or service, 
- the degree of control it has over the life cycle stages, e.g. a product designer may be 
responsible for raw material selection, whereas a manufacturer may only be responsible for reducing raw material use and minimizing process waste and 
the user may only be responsible for use and disposal of the product, 
- the degree of influence it has over the life cycle, e.g. the designer may only influence the manufacturers production methods, whereas the manufacturer 
my also influence the design and the way the product is used or its method of disposal, 
- the life of the product, 
- the organization’s influence on the supply chain, 
- the length of the supply chain, and 
- the technological complexity of the product. 
The organization can consider those stages in the life cycle over which it has the greatest control or influence as these may offer the greatest opportunity 
to reduce resource use and minimize pollution or waste. 



LCA.  Application to differents types of Bags 

1. conventional high-density 
polyethylene (HDPE); 

2. high-density polyethylene (HDPE) 
with a prodegradant additive; 
starch-polyester (biopolymer) blend; 

3. paper; 
4. low-density polyethylene (LDPE); 
5. non woven polypropylene (PP); and 
6. cotton. 

Many artificial materials are found on the 
Earth nowadays. The influence of many of 
them on environmental and humans health 
is still unknown. As was already mentioned, 
plastics belong to this category. People 
mostly focus on the good characteristics, 
such as low cost, large capacity and variety, 
high strength, ease of use, etc., and forget 
about long-term harmful consequences and 
impacts. Lightweight plastic bags are used 
by almost by everyone all around the world. 
When we throw them away, we forget about 
their existence. Unfortunately, degradation 
of plastic is a long period process, much 
longer than the life of many living beings. 
To deal with plastic, different countries have 
done research and implemented different 
strategies and instruments, such as bans, 
plasttax, voluntary campaigns and many 
others. Scientists have widely used life 
cycle assessment as a tool for choosing the 
best alternative for carry bags and have 
achieved quite good results.  



































LCA is a method used to evaluate the environmental burdens associated with a 
product, process, or activity which includes the identification of energy, 
materials and substances used and emissions and wastes released to the 
environment, over the whole life cycle of the prod- uct, process or activity. The 
life cycle represents all relevant interventions and measures of 
• resources extraction, 
• transports, 
• energy supply, 
• production, 
• use and 
• end-of-life 
of the product, process or activity under study. All relevant interventions and 
measures must be within the system boundaries2. The boundary conditions3 
determine the circumstances related to geographical, temporal and technical 
representativeness of the system. With this method, a variety of environmental 
effects, such as 
• resource and energy consumption, 
• global warming, 
• acidification, 
• stratospheric ozone depletion, 

LCA is a method used to evaluate the environmental burdens associated with a product, process, or activity which includes the identification of 
energy, materials and substances used and emissions and wastes released to the environment, over the whole life cycle of the prod- uct, process 
or activity. The life cycle represents all relevant interventions and measures of 
• resources extraction, 
• transports, 
• energy supply, 
• production, 
• use and 
• end-of-life 
of the product, process or activity under study. All relevant interventions and measures must be within the system boundaries2. The boundary 
conditions3 determine the circumstances related to geographical, temporal and technical representativeness of the system. With this method, a 
variety of environmental effects, such as 
• resource and energy consumption, 
• global warming, 
• acidification, 
• stratospheric ozone depletion, 





Building a Life Cycle Inventory Database for REEs Concept 
 
Why? To create a benchmark for the industry and to measure and communicate the environmental impact of rare earth oxide-containing 
(REO) products … As the world places more and more emphasis on the “green technologies” to address climate change issues and UN 
sustainable development goals, it is increasingly important to understand the life cycles of the underlying raw materials. Several Life  
Results? Cycle Assessments (LCAs) studies pointed out that the production impacts of REOs are high in the case of several REO 
containing products.  
 
What’s about REEs? Rare earth elements (REEs) are essential for the transition toward sustainability. However, rare earths are critical 
metals with one of the highest supply risks and environmental impacts 
LCA is a decision-making tool used to identify environmental burdens and evaluate the potential environmental impacts of goods or 
services over their life cycle from cradle-to-grave. LCA has been standardized under the International Organization for Standardization 
(ISO) and forms the conceptual basis for a number of management approaches and standards that consider the life cycle impacts of 
product systems. 
 
 
 
 
System Boundaries 
The system boundary of the study included a cradle-to-gate life cycle inventory from the extraction of the rare earth ore at the mine to 
the production of rare earth oxide. 
 



Rare Earth Elements (REEs) are a collection of 17 chemical elements that are critical to the functionality of a host of 
modern commercial industries including emerging clean energy technologies, electronics, medical devices, and national 
defense applications. Despite their key importance in multiple industries, to-date there has been little emphasis on 
environmental systems analysis of REE production. Rapid growth in these industrial sectors could result in heightened 
global demand for REE. As such, assessing the broader ramifications of REE production on human health and the 
environment is crucial for guiding the sustainable development of these industries. In this study, life cycle assessment 
(LCA) is performed to evaluate the environmental impacts and resource intensity of producing rare earth oxides (REO) 
from the Bayan Obo mine located in Inner Mongolia, China. Analysis indicates that the mining, as well as extraction 
and roasting phase(s), had the greatest contribution to overall life cycle environmental impacts. Additionally, the results 
reveal that the production of heavy REO consumes over 20 times more primary energy as compared to steel (per unit 
mass). The high primary energy consumption and life cycle environmental impacts of REO production highlight the 
critical need for development of REE recycling operations and infrastructure. 
From: “Supporting Information for: Environmental Life Cycle Perspective on Rare Earth Oxide Production”, by George G. Zaimes1, § , Berlyn J. Hubler2,§ , Shuo 
Wang1, & Vikas Khanna1,* 
 
 
Rare Earth Elements (REEs) have been widely applied in hybrid vehicles, energy-efficient lighting, aerospace and 
metallurgy. With the global clean technology market grows, the REEs demand is likely to grow in the next years. 
Currently, global production of REEs is mainly concentrated in China, and Bayan Obo mine situated in Inner Mongolia 
supply about half of China’s total production, the environment issues associated with its rare earth oxides production has 
also receive close attention from the society. This paper analyzes the process flow and energy consumption in the 
production of REO in Bayan Obo mine, uses life cycle assessment methodology widely used in the international market 
for evaluation of environmental impacts overall evaluates the environmental impacts of the REO production in Bayan 
Obo mine, the results indicated that the environmental impacts from smelting are higher than that in mining and 
dressing, and the main environmental impacts are concentrated in global warming, acidification, human toxicity and 
resource depletion, the results provide a valuable data for assessing environmental impacts in rare earth industry and 
downstream industry based on REEs.  
From: The Life Cycle Assessment of Rare Earth Oxides Production In  
Bayan Obo, by B. L. Zhou*, Z. X. Li, Y. Q. Zhao, & S. Q. Wang 



Recently, several energetic ionic salts and liquids have been proposed as novel high-energy materials, 
propellants, and explosives. The life cycle environmental impacts of these new energetic salts have not 
been previously studied. Environmental impacts arise both from release of these energetic materials 
themselves as well as from their synthesis. In “Energetic Ionic Materials: How Green Are They? A 
Comparative Life Cycle Assessment Study, by Amirhossein Mehrkesh and Arunprakash T. Karunanithi*, 
for the first time, we report the results of cradle-to-gate life cycle environmental impacts of production of 
energetic ionic salt 1,2,3-triazolium nitrate and compare it with traditional energetic material 2,4,6-
trinitrotoluene (TNT). The results indicate that the production processes of ionic salt have a significantly 
higher environmental footprint than conventional energetic materials. The above result was consistent 
across all nine impact categories analyzed and can be directly attributed to energy intensive steps needed 
to prepare the ionic salt and its precursors. The findings suggest that ionic energetic materials have 
higher environmental impact than TNT from a life cycle perspective. 


