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Abstract

Life Cycle Thinking (LCT) and Life Cycle Assessment (LCA) are the scientific approaches behind modern environ-
mental policies and business decision support related to Sustainable Consumption and Production. For the efficient
and reliable application of LCA, it is necessary that LCA studies are based on consistent, transparent, and quality-
assured Life Cycle Inventory (LCI) data. To manage and provide such consistent and quality assured Life Cycle data
to users the Institute of Applied Computer Science of the Karlsruhe Institute of Technology developed an open
source service oriented LCA database software (soda4LCA) that can be accessed directly from within LCA tools to
store, manage and extract LCA datasets via the Internet. Different soda4LCA instances can even be connected to-
gether via the Internet to form a LCA data network which can then be used by users via one of the network nodes.
Because of user requirements, the storage model of sodadLCA is enhanced in the current development version to
support the management of largely separated collections of datasets (called data stocks) by different working groups.
This can be seen as a first step to support multitenancy in soda4LCA. It’s also possible in the current development
version to build other logical collections of datasets for such use cases as compiling collections of datasets for review
or release management. Data stocks are also the key element of soda4L.CA to provide dataset replication via nodes of
a soda4LCA data network. Further details of the data stock concept and its usages will be described in the following
chapters.

1. Introduction

Life Cycle Thinking (LCT) and Life Cycle Assessment (LCA) are the scientific approaches behind mod-
ern environmental policies and business decision support related to Sustainable Consumption and Produc-
tion (Europe 2011a, 2009, 2003). For the efficient and reliable application of LCA, it is necessary that
LCA studies are based on consistent, transparent, and quality-assured Life Cycle Inventory (LCI) data.
Because of this, several activities in Europe and worldwide have been established, which are aimed at
providing national and international LCI databases. Examples in Europe are the Suisse Ecoinvent database
(Ecoinvent 2011) and the European Platform on LCA (Europe 2011b) for a Europe-wide data supply.

As already described in a paper presented at the Envirolnfo 2011 conference (Diipmeier 2011a), the In-
stitute of Applied Computer Science (IAI) of the Karlsruhe Institute of Technology (KIT) developed an
open source service oriented LCA database software for the International Reference Life Cycle Data Sys-
tem (ILCD) Data Network of the EU (Wolf 2010) that allows to connect different autonomously installed
database nodes together using a RESTful Service API to form an integrated network of LCI databases
with harmonized data (see Figure 1).
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Figure 1
Data network with different LCA databases, like the European Life Cycle Database (ELCD) or other na-
tional, research or company databases

Within such a network, the datasets provided by different parties can reference common background data-
sets and nomenclature standardized by the corresponding network community and provided by one or
more central systems within the network.

While the exact details of how such a network can be organized within the soda4LCA software would
be an interesting topic on its own, which will be presented at this EnviroIlnfo conference in another paper
(Kusche 2012), this paper will focus on a related and somewhat opposed functionality highly demanded
by users: the possibility to store on the one hand separated but on the other hand interrelated LCI data col-
lections created and managed by different working groups within the same database instance of
soda4LCA.

In practice, a soda4LCA database instance may not only contain different data collections of LCI data
which are a work in progress of certain groups creating and maintaining such data, but may also contain
released datasets which likely are already used by other parties. It’s even a quite common scenario that a
certain released version of a dataset is used in studies by LCA experts, while the maintainers already work
on an updated version of this dataset. Therefore, concepts for version and release management of datasets
and an accompanying work flow and functionalities for the management of largely separated collections
of datasets (called data stocks) created and maintained by independent working groups were developed
and implemented in soda4LCA.

2.  Root Data Stocks and Dataset Management

The data stock concept of soda4L.CA is based on the idea to group datasets together to form specific sets
of interrelated datasets within a soda4L.CA instance. At the moment two types of data stocks are defined
for sodad4LCA: root data stocks and non-root data stocks.

Root data stocks allow to create working databases within a soda4LCA instance which contain datasets
owned and maintained by a certain group of LCA experts. For example, an industrial association could use
a central soda4LCA instance administrated by an IT-provider to maintain their own root data stock of LCI
datasets related to plastic products (datasets within the left sub-cylinder of Figure 2) while another asso-
ciation could use the same soda4LCA instance but their own and different root data stock to create and
maintain datasets related to aluminium products (datasets within the right sub-cylinder in Figure 2).
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Figure 2
Soda4L.CA instance containing different root data stocks for different groups of LCA experts

Each dataset within a soda4LCA instance and all of its versions belong to exactly one root data stock
which is the natural home of this dataset and its different versions. The handling and maintenance of data-
sets in root data stocks is largely separated from each other within the same soda4LL.CA instance. While a
soda4LCA instance contains only one user database, the access right management system of soda4LCA
allows it to assign different access rights to a user or a user group related to different data stocks. Thus,
while one user or group may have rights to add, change or manage datasets in a certain root data stock, the
same user or group may only have rights to view datasets of another data stock or they even don’t have
any access to the datasets in another data stock at all. Using the concept of release data stocks, which will
be explained in a later section of this paper, a user or group can even be given different access rights for
different versions of the same dataset. So, a certain released dataset within a data stock can be made pub-
licly available while a newer updated version being worked on is only viewable and editable by the group
of maintainers of the root data stock to which the dataset belongs.

The version management system for datasets within a soda4LCA instance allows the management of
several distinguished versions of one and the same logical dataset within its root data stock. According to
the ILCD format standard, the version number of a dataset (for instance, 01.01.005) consists of three parts,
called the major, minor and sub-minor version numbers of the dataset, respectively. soda4dLCA does not
enforce any rules on how the different parts of a version number should be used by teams organizing data-
sets, but a common approach would be to use sub-minor version numbers for error corrections to datasets
which don’t change the semantics of datasets while minor and major version numbers should be incre-
mented for smaller or larger semantically changes to the datasets, respectively.

The dataset management of soda4LCA treats each version of a dataset as single entity within the data-
base. While some important metadata of a dataset will be extracted into a separate database schema for
easy management, search and navigation between datasets, soda4LCA will always store the complete
XML representation of each dataset version in the database as well. Because soda4L.CA is designed to be
a service oriented database system that treats dataset versions as single entities, editing operations on data-
sets are foreseen to mainly happen in LCA tools outside of the database system itself and these tools ex-
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change complete versions of datasets with the soda4LCA service. Thus, the main operations related to
datasets within soda4LCA are import, export, check-in and checkout operations as shown in Figure 2.

According to the state diagram shown in Figure 3, datasets can be in different states related to main op-
erations on datasets. In standard mode an import of an external dataset into soda4LCA will result in a new
dataset entity (creation of new entities) within soda4L.CA if the database does not already contain a dataset
entity with the same identifying UUID and version number. Otherwise an error will be thrown that a data-
set entity with the same version number and UUID already exists in the database. If needed, the import
mode can be switched to overwrite mode. In this import mode, an already existing dataset version will be
overwritten within the database but only if it is in the state UNRELEASED.

An import operation will assign new dataset entities always to exactly one root data stock determined
by the import request. The client performing the import operation needs import rights on this root data
stock to perform the operation; otherwise an error will be thrown. Datasets will be in a state
UNRELEASED when imported into the database for the first time. Until they are switched to the state
RELEASE by a data stock manager they can be overwritten by a modified version or more commonly
checked out for changes.
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Authoring workflow for dataset versions in a root data stock

A checkout operation exports a dedicated version of a dataset (dataset entity) and locks the entity within
the database for further operations. The dataset will then be in the state “UNRELEASED, LOCKED”.
Tools can use this checkout operation to extract a specific version of the dataset for editing within a tool.
While a dataset version is checked out by one client user for editing, other clients trying to check out the
same dataset will get an error notification stating that the dataset is already checked out by another client
user. To make this message more precise, the sodadLCA service stores information about the owner of
each lock which can be shown to other users requesting a checkout for the dataset. The lock on a dataset
will be freed when the lock owner performs a check-in operation on the dataset.

During a check-in operation, the content of the LOCKED dataset will be replaced by the modified con-
tent after editing and the state of the dataset will then be reverted to UNRELEASED again. Checkout and
check-in implement a transaction concept on datasets which is called long transaction. Contrary to com-
mon database transactions, long transactions are often used on document oriented content because the

Copyright 2012 Shaker Verlag Aachen, ISBN: 978-3-8440-1248-4



changes to such data entities can take a very long time from several minutes, to hours, several days or
even weeks.

At any time a client having rights to do so can request a dataset using an export operation. The export
operation extracts a copy of the requested version of a dataset from the sodadLCA instance and returns it
in ILCD format to the client. There is no state change associated with an export operation within the data-
base. Note, that an exported dataset cannot be returned to a soda4LCA instance by a check-in operation
because no lock is associated with the exported dataset. If an exported dataset should be stored beside the
exported version in the same database after some modifications have been applied, this can only be
achieved by an import operation. Normally, the dataset’s version number should be increased before such
an import because otherwise the soda4LCA system will complain that the dataset version already exists
within the database. The option to overwrite the existing version while doing an import should be used
carefully and can only be done if the original dataset is in the state UNRELEASED (i.e. not LOCKED or
RELEASED). Versioning datasets when they are modified is a better approach because different versions
can be compared afterwards. It is far easier to revert to a former version if modifications prove wrong
when the previous version has not been overwritten.

Dataset versions which are quality controlled and have enough quality to be ready for publication can
be switched to the state RELEASED by a dataset manager of the root data stock to which the dataset be-
longs. A released dataset can’t be overwritten or checked out anymore for editing. Released datasets are
foreseen to be used in LCA studies by third parties and therefore it’s extremely important to keep them
immutable. Otherwise, results of studies using released datasets cannot be reproduced by others when a
dataset with a certain version number changes semantically between two usages. As can be seen in the
next chapter released datasets are often grouped together to a set of harmonized “released datasets” which
is a special version of a release data stock.

3. Non-root Data Stocks

While each version of a logical dataset belong to a certain root data stock for creation, changing and ad-
ministration of the datasets, further (non-root) data stocks can be created in a soda4L.CA instance to build
arbitrary logical collections of datasets. As described earlier, a soda4LCA instance can host two different
root data stocks (see Figure 2 and Figure 4): one with LCI datasets related to products made out of plastics
by a plastic working group and the other with LCI datasets related to metal products managed by the met-
als working group. Then, a dataset manager which has data management rights on both root data stocks
could create a new non-root data stock which logically groups certain released versions of datasets from
each root data stock together to form a LCI materials data collection which could then be made available
to the public for general usage (Figure 4).
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Figure 4
Soda4L.CA instance containing two root data stocks and one non-root data stock

Typically, the public materials dataset collection will contain only versions of datasets which are in the
state RELEASED. That means work on these dataset versions has been finished, the quality of the datasets
was checked and the data management team is sure that these dataset versions have release quality. More-
over, all the specific versions of datasets contained in the materials collection should have been proved to
form a harmonized set of datasets which could be used together in related LCA studies. A data stock with
these characteristics is called release data stock.

A release data stock contains only released versions of datasets and at most one version of a certain
dataset. Data stocks may be given the state “released” by a datasets manager if he is sure that he wants to
release a data stock for general usage by the public or a group of authorized users. Soda4L.CA will then
check that the data stock only contains at most one released version of each dataset belonging to the re-
lease data stock. In the future it is foreseen that a set of conformity and quality rules, which datasets in a
data stock must fulfil, and quality control mechanisms will be implemented which allow for proving these
rules semi-automatically. A data stock can then only be switched to the state released if the quality
mechanism has proved that the data stock fulfils the conformity and quality rules.

A release data stock may, but does not necessarily need to contain datasets from different root data
stocks. Le. in the case of the European Life Cycle (ELCD) database or the database with biomass energy
datasets of the German BioEnergieDat project, the soda4LCA instances only contain one root data stock
which contains all datasets as work database. For the BioEnergieDat project, this root data stock is called
“BioEnergieDat” in Figure 5.
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Figure 5
Soda4L.CA for the BioEnergieDat project containing a work database, a data stock for review and a re-
lease data stock

The compilation of the whole BioEnergieDat database is carried out in several time periods in which dif-
ferent sub-packages of datasets are first prepared, then reviewed by independent experts and then finalized
according to the input of the experts. To support the review, these sub-packages of datasets were grouped
into pre-release data stocks for review (i.e. data stock “BioEnergieDat Snapshot 0.7”). Such a snapshot
does not contain every dataset within the database, but only dataset versions which are to be reviewed and
are in a good enough quality for such a review. Datasets which are not yet complete or whose quality is
not good enough at the time of the review, or datasets which don’t belong to the sub-package of datasets
which should be reviewed by the experts for this review, are not assigned to the review data stock.

The authorization of users and groups on data stocks can now be set up so that the reviewers have full
read permissions on all datasets contained in the review data stock but won’t have rights to see any other
datasets in the root data stock. They won’t even see that there is a root data stock as work database beside
the review data stock. After performing changes which were recommended by the reviewers to the data-
sets of data stock “BioEnergieDat Snapshot 0.7, another data stock “BioEnergieDat Snapshot 0.7.1” can
be created which contains these changes.

Figure 6 shows the web user interface of the BioEnergieDat soda4LLCA instance as seen by an adminis-
trator which already logged into the system. As shown at the top right the database contains three data
stocks with names default (the root data stock), Releasel and Review according to the scenario just de-
scribed.

Copyright 2012 Shaker Verlag Aachen, ISBN: 978-3-8440-1248-4



default

default
Releasel
Review

Home Data Import/Export ~ Stock ~ Manage Data Sets v User » Network ~  Configuration

Process data sets
LCIA Methods

Flows

Flow Propetties

1 3la]s 5
Unit Groups 2
Ll
Reference | Valid
year unty | Method \oC
Principle

Sources Name Type Location | ¢ Classification
Contacts

BHIKW 250 kW Wlais (60%), Gras
(30%), Rinderqulle (10%)- ohne
Gulschrit

(Parameterized BioEnergieDat
IBGAohne Other

Gutschrift

Search Processes
BioEnergieDat
e Other

BioEnergieDat
/BGA/ ohne Other
Gutschrift

BioEnergieDat
e Other

- (Parameterized BioEnergieDat
sl 1805 Unit process /BGA/ ohne
black box Gutschrif

Other

weinequlle (40%} - ohne Gutschrift

1 3]a]s 5 [=]

Figure 6
BioEnergieDat database user interface showing available data stocks for the admin user

4. Summary and Outlook

As described in the preceding chapters, the current development version of soda4LCA already contains
the concept of data stocks for grouping datasets together to implement different usage scenarios. The con-
cept of root data stocks allows an administrator to configure a soda4LCA instance as a service oriented da-
tabase application which contains more than one work database for different work groups. Each such root
data stock can be assigned different access rights for users and groups. If desired by the different working
groups, root data stocks can be assigned access permissions which completely separate the access to the
datasets for the different groups. In future versions of soda4L.CA, this functionality will be enhanced fur-
ther towards complete multitenancy support.

The concept of non-root data stocks allows dataset managers to build different collections of datasets
for several distinct use cases. Release data stocks can be used to provide collections of harmonized and
quality controlled datasets to users for doing LCA studies. Such release data stocks can be formed out of
the datasets of several distinct root data stocks managed by different working groups. In the future it will
even be possible to combine datasets from several release data stocks on different soda4dLCA server in-
stances to form one logical release of datasets (Kusche 2012).

Another usage scenario is to group a certain collection of datasets together for an internal or external
review and for internal or external release management. Preview and review data stocks will in general
not be public and will also contain datasets which are not ready for release. But they document the state of
certain datasets at a given point of time. Release data stocks mark dataset collections which are available
for general usage by others.

To help dataset creators and reviewers to compare different versions of datasets, a future version of
soda4.CA could contain functionality to visualize the differences between dataset versions as is common
nowadays in software version control systems. Also functionality to define sets of machine readable con-
formity and quality control rules can be implemented in soda4LCA, which can then be attached to data
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stocks for semi-automatic quality control and conformity checking. This would help dataset managers and
reviewers to determine if a set of datasets assigned to a data stock has release quality and is conform to
conformity rules like the ILCD network conformity rules.
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