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Abstract：This paper describes the application of LCA in the packaging industry, and then analyzes the status 
quo of typical LCA software and databases, as well as the existing problems. To solve such problems, fun-
damental data of packaging material, performance index, typical production process and consumption of re-
lated manufacturing processes are conducted, and then packaging life cycle assessment model is set up. 
WEB2.0 technology is introduced into the design of the browser/server architecture packaging LCA analysis 
system consist of various function modules, which is investigated by typical packaging. Finally, three sug-
gestions to improve the application of LCA in packaging industry are given. 
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1. Preface 

LCA (Life Cycle Assessment) method,   a key sup-
porting technology for green packaging evaluation and 
green packaging grading, is commonly used in today’s 
quantitative analysis for evaluative features in Evaluation 
index system of green packaging. According to 
ISO14040, LCA is compilation and evaluation of the 
inputs, outputs and the potential environmental impacts 
of a product system throughout its life cycle. 
Usage of LCA can be divided in to two fields, one is 
ecological design, and the other is waste management.  
Eco-design is an initiative environmental response de-
sign methodology, whose ultimate objective is to protect 
both the environment and the resources, which should 
take the function of the packaging as well as the safety of 
the ecosystem in to account.   
A common waste treatment order is: waste minimization, 
reuse, materials reclaiming, composting, energy re-
claiming, burning (without energy reclaiming) and land-
fill.  
However, deficiencies exist in such an order, such as: no 
sufficient theoretical basis, inapplicable to the joint op-
tions, e.g. materials reclaiming and burning vs. com-
posting and landfill. 
Nevertheless, LCA can be used to support the decision of 
the best solution to the waste management, which can 
help to achieve the object of sustainable development.  

2. The Status Quo of Application Tools 

According to our research, there are plenty common used 
commercial software such as Simapro and GaBi used in 
many fields, but only a few mature. Domestic software 
and database are mainly developed by universities and 

institutes, such as EPD Tools Suit 2007 which is a LCI 
tool developed by Sichuan University and Chengdu 
YiLin Environmental Technology Co., Ltd, but most of 
them are product-oriented, only few of them care about 
the producing process. 
As for the database of LCA, the abroad database is 
mainly subject to foreign circumstance, on the contrary 
there are only few of domestic database subject to the 
domestic circumstance, besides, under constraints of 
domestic research, and there are also lack of many fun-
damental data in many areas.  
Thus, we hope to build an open LCA analysis system, on 
the one hand to make the LCA method be populated, on 
the other hand can to share and collect fundamental data 
of various domains.  

3 Fundamental Data Research of Materials, 
Energy Consumption and Environmental 
Burden for Typical Packaging Life Cycle 

LCA for packaging need support of fundamental data of 
material, energy consumption and environmental burden 
of various period of life cycle, from material production, 
product manufacturing, and usage to the end recycle and 
disposal phase.  
Considering a great variety of packaging，three domi-
nating packaging in China are selected in the study: 
Corrugated box, tin box and PET beverage bottle. Data 
quality requirements shall be specified to enable the goal 
and scope of the LCA to be met. In this study, the data 
quality requirements are addressed in the following as-
pects, such as time-related coverage, geographical cov-
erage, precision, completeness, representativeness 、
consistency, sources of the data, etc. However, it is un-
practical and unnecessary to get all input and output data 
of the whole life cycle processes, so three main phases of 
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packaging, material production; product manufacture and 
waste management are discussed in this study. (See Fig 
1) 

 
Fig.1 simple flow chart of corrugated box Life cycle 

We’ve designed and mailed the questionnaire to many 
packaging manufactures, meanwhile, we’ve published 
such questionnaires on the website of China Packaging 
Federation. What’s more, we’ve also conducted some 
field investigations to collect the data of various packag-
ing. Finally, we’ve received approximately 10 feedbacks 
of the questionnaires, which covers the main manufac-
tures of the above three categories.  
During the field survey, we’ve also found that most of 
the modern packaging enterprises have implemented the 
automation production line, which make it difficult to 
obtain process based environmental impact data.  
According to the requirements, some analysis processing 
is done with relative information, reports and database. 
In the end, we get basic professional representative data 
of materials, energy consumption and environmental 
burden for typical packaging, and build corresponding 
database. 
4 Packaging LCIA Modeling Framework 

LCIA (Life Cycle Impact Assessment) model is the op-
erational framework of conducting packaging LCIA. 
Based on the given LCIA model, we can evaluate the 
potential impacts of product life cycle environmental 
exchange; explain relative importance of various envi-
ronmental exchange and contribution for environmental 
impact of each life cycle stage or each component. In our 
study, packaging endpoint category LCIA model is built 
(see Fig.2) based on Eco-indicator 99 method. 

 
Fig.2 packaging LCIA model framework 

Referring to the corresponding environment mechanism 
in Eco-indicator 99 method, packaging life cycle envi-

ronment burden is divided into eleven impact categories: 
carcinogenic effects, respiratory(inorganic), respira-
tory(organic), climate change, radiation, ozone depletion, 
eco-toxicity, acidification/ nitrification, land use, miner-
als, fossil. These impact categories are divided in to three 
damage categories: human health, ecosystem quality and 
resources, finally a single eco-indicator is calculated 
from these three damage categories through normaliza-
tion and weighting operation. 
5 LCA Prototype System Design 
Current LCA software is mostly desktop application with 
high costs of purchasing and use. As the internet devel-
opment, web based system becomes the mainstream. 
Among various web systems, those based on B/S archi-
tecture can meet the LCA application demands of distri-
bution and multi-domain. 
We hope to build such a LCA management platform and 
tools to promote the communication among 
multi-participants to help gathering the fundamental data 
and analyzing the environmental impact.  
The primary design goal of such system is to form a 
relatively complete chain of data collection and analy-
sis, which can rapidly and effectively obtain and util-
ize information needed.  
In the study, a B/S architecture based packaging LCA 
software system is developed which involves the tech-
nology of BPM（Business Process Management）and 
heterogeneous systems integration. It contains LCA 
common functions, and also integrates with database, all 
of which is in order to take advantages of data storage 
and processing, resource sharing. Users can build prod-
uct life cycle process model and inventory data, assess 
product environment impact, interpret the LCA results, 
put forward measures to improve environment perform-
ance and establish product LCA report etc, which also 
realize collection and accumulation of LCA fundamental 
data . 
To ensure maintainability and expandability of LCA sys-
tem, the development of typical packaging LCA software 
system follows J2EE hierarchy mechanism strictly. The 
mechanism overcomes the defects of traditional C/S ar-
chitecture, and conforms to the trend of the B/S archi-
tecture, providing an independent, transplantable, 
multi-user, safe and measured enterprise platform, which 
simplifies development, management and deployment of 
enterprise application. 
Regarding to specific realization technique, basic 
framework of LCA system adopts MVC 
(Model/View/Control) three-tier hierarchy mechanism, 
and the struts framework is applied as the overall control 
engine. The system encapsulates core business into ser-
vice layer, use spring component to realize business logic 
transaction and encapsulates relate components, persist 
data object model and manage database transactions with 
hibernate component. The software system uses SQL 
Server 2005 database management system. The WEB 2.0 
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technologies such as AJAX, are used to develop flexible 
and various user interfaces.  
6. System Functional Module 
According to general system design philosophies, LCA 
system is divided into several functional modules (see fig 
3).  
1) Foundation functions module: it provides fundamental 
support services, including user management 、

authorization management、log management、system 
safety、system expanding and so on. 
2) Product modeling module: the module realize re-
search、analysis and definition of product LCA goal and 
scope product modeling, ensure function unit and alloca-
tion principle ,finish product model. 

 

 Fig.3 packaging LCA prototype system functional modules 
3) Inventory analysis module: aiming at all energy and 
resource input and waste emission, the module evaluates 
product through quantitative analysis based on the data. 
4) Impact assessment module: it aims at evaluating the 
significance of potential environmental impacts using the 
LCI results. The evaluation process is divided into five 
steps: classification、characterization、normalization、
grouping and weighting. 
5) Interpretation module: in this module, user can write 
down their LCA analysis data and measures to improve 
product environment performance, form product LCA 
report with LCA goal and scope. 
7 Pilot application and demonstration  
We use the designed system to evaluate the life-cycle 
environmental impact of corrugated cardboard box. The 
following figures show different functions of the system. 
 

 
Fig.4 Product process goal and landscape set of corrugated 

cardboard box 

 
(a) 

 

(b)  
Fig.5 Input (a) and output (b) of corrugated cardboard box 

produce 

 
Fig.6 LCA report of cardboard box produce  

 
8 Conclusions and Suggestions 
With the advancement of China’s packaging industry, the 
environmental impacts of both such industry and other 
related industries should be eliminated. The most impor-
tant work to do is to set up a series of practical methods 
and support tools. Life cycle assessment has been proven 
to be an advisable method. 
According to our practice, the biggest obstacle we’ve 
met with is the lack of fundamental data of raw materials 
as well as produce processes. So the web based open 
architecture LCA system is designed to facilitate funda-
mental data collecting and sharing, which can promote 
the LCA application progress in packaging industry con-
sequently. The pilot application result shows that the life 
cycle assessment system designed can be used as a help 
software tool in LCA research and application of pack-
aging. The software has a good performance in popular-
ity and openness; it can also help to set up a more prac-
tical database conforms to the situation in China.  
We also have some suggestions as follows: 

(1)We should introduce the advanced LCA methods; 
carry out the research of environment impact mechanism 
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of emission substances, set up LCA methodology and 
database based on Chinese condition. 
(2)Government authorities or industry associations or-
ganize and require enterprises to collect emission data 
during the production process actively, such as establish 
the “environmental report card” regulations, accumulate 
our own emission data, through which we can gradually 
build environmental analysis database. 
(3)Put emphasis on LCA research of basis sources such 
as coal, oil and other basic industry materials, which 
supporting LCA application. 
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