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Abstract 

This paper examines the EU emission trading scheme with a focus on IT support tools from applied computer 
science. We claim that a software assistant is a suitable approach to help reducing the complexity of the Euro-
pean emission trading scheme from the point of view of facility operators. We present the preliminary design of 
an assistant system called EmTrAs (Emission Trade Assistant) that will guide facility operators through the ‘jun-
gle’ of the emission trading system step-by-step. To allow for a timely adaptation of the assistant system to 
changing requirements (e.g. due to legal changes in the emission trading scheme) we consider an implementation 
based on workflow technology and component-based software engineering. 

1. Introduction 
The ongoing discussion about climate change deals with solutions to lower greenhouse gas emissions 
as well as business incentives to apply these solutions. While monetary aspects have traditionally 
guided the 

economic consumption of resources, an ecologically responsible handling of emissions has for a 
long time been bound to legal conditions only. Emission trading strived to introduce market mechan-
isms into the environmental domain and is nowadays one of the key instruments of environmental pro-
tection in Europe. 

The University of Hamburg and the ifu Hamburg GmbH have been co-operating in projects on en-
vironmental informatics for many years. In this paper, we outline our investigations into the European 
scheme for emission trading, from which we derive requirements on an Emission Trade Assistant 
(EmTrAs) software. In a two-year project funded by the German Federal Ministry of Education and 
Research (BMBF), we will analyze the CO2 emission trading system from the point of view of applied 
computer science. The working processes and the duties of the participating roles (such as facility op-
erators) will be identified. Alternative IT approaches will be examined in order to find appropriate so-
lutions to support facility operators in their duties. We assume that especially software assistants are a 
highly suitable approach: On the one hand, specific assistants can aid facility operators in single tasks 
like initial data collection, certificate allocation, emission reporting, or trading of emission allowances. 
On the other hand, assistants based on concepts from workflow technology (see e.g. Dumas et al. 
2005) can provide guidance through the complex overall process of emission trading. 

Environmental Management Information Systems (EMIS, e.g. Wohlgemuth 2005) are on the rise to 
play an essential role in the planning and accomplishment of environmental protection. These frame-
works provide tools to support the collection, documentation, assessment, and management of enter-
prise environmental protection information. Integrating an Emission Trade Assistant into an EMIS 
could especially ease the collection and analysis of data as part of facility operators’ daily work. In our 
project the component-based open source EMIS framework Empinia (e.g. Schnackenbeck et al., 2007) 
will be used to couple the assistant to other EMIS components. 

The following presentation starts by reviewing key concepts of the European emission trading 
scheme and the supporting German IT infrastructure in Section 2. In Section 3 we summarize related 
work with a focus on existing IT solutions. Section 4 − as the main part of the contribution − presents 
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requirements on our assistant software and elaborates on ideas related to its UI design as well as the 
workflow- and component-based implementation. In Section 5 we conclude the paper and describe 
upcoming project tasks. 

2. Emission Trading 

2.1 Concept of Emission Trading 
Emission trading basically assigns a financial counterbalance to the emission of pollutants. Like costly 
natural resources force facility owners into a responsible consumption of raw materials, the artificial 
shortage of emission rights brings them to care about their emissions. 

The limitation of emission rights (which is called Cap) by an authority is the most important 
mechanism to control the amount of pollution. The Coase theorem (Wegehenkel, 1980) implies that 
market participants will find the most efficient way to reduce emissions on their own, when they are 
dealing with a limited amount of pollution rights according to the laws of the free market. Thus, the 
most considerable reduction of emissions will be gained where it can be achieved with minimal costs 
(Schmitz, 2008). To gradually improve the environmental situation, the Cap can be reduced stepwise 
over the years. In 1968, the Canadian economist J.H. Dales firstly introduced the idea of freely trad-
able and limited pollution rights (see DIW Berlin, 2007). Although he only set up his model for water 
pollution, the same mechanism is used for air pollution in emission trading 40 years later. Today, the 
market-based emission trading scheme has become a key instrument of the EU to accomplish the ob-
jectives of the Kyoto Protocol.  

The Kyoto Protocol itself contains an emission trading mechanism where so-called Assigned 
Amount Units (AAUs) are allocated to states. AAUs can be traded between states but cannot be bought 
by companies. In contrast, the European emission trading system (EU ETS) obligates selected busi-
ness sectors with high emissions, such as power generation or combustion plants, to cash every emit-
ted tonne with a so-called EU allowance (EUA). To prevent the economic system from being over-
charged by the new cost type, every company taking part in EU ETS can request for freely assigned 
EUAs. The contingent of EUAs that a company receives for free depends on the business sector and 
the efficiency of the emitting facility. Companies that emit a larger amount of CO2 than granted by 
their free EUAs have to buy additional emission rights from other facility operators with a surplus of 
allowances. By defining upper emission limits and by trading emission allowances (Cap and Trade) 
the market is expected to automatically find the most efficient and affordable ways to reduce emis-
sions.  

2.2 Process of EU Emission Trading 
The process of emission trading is rather complex and varies in the participating countries. This paper 
exemplary deals with the German trading scheme, but the process is comparable to other countries. In 
Germany, the German Emission Trading Agency (DEHSt) as part of the Federal Ministry for the Envi-
ronment is the main authority to administrate the national allocation of emission certificates.  

The European scheme is based on allocation periods. Currently the second allocation period is in 
progress, which lasts from 2008 to 2012. The following third allocation period will last from 2013 to 
2020. Before taking part in EU ETS, a facility operator must determine historical emissions for a given 
time period and have them approved by an accredited expert. Ahead the beginning of a new allocation 
period, the national governments settle National Allocation Plans (NAP) based on known data from 
facilities already taking part in EU ETS as well as data collected from new facilities. The NAP quanti-
fies the overall certificate allocation for the period. It must fulfill the emission reduction targets (the 
Cap) and therefore be approved by the European Commission. 

A broad survey of obligatory and optional tasks that facility operators must perform during the 
emission trading process is shown in Figure 1. To apply for free emission certificates, an operator 
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users is encrypted and signed with the help of a public-key-infrastructure based on obligatory elec-
tronic signature cards. The electronic signature guarantees the authenticity and validity of the trans-
ferred data and fulfils the requirements of the German Signature Act (SigG). This means that it is offi-
cially recognized like a handwritten signature. 

The Emission Trading Registry is a separate web-based application, which can be used like an 
online banking system. Instead of money, emission allowances (EUAs) are transferred from source to 
recipient accounts. Every facility operator who participates in the emission trading scheme automati-
cally obtains an account. All national ET registries of the participating EU member states (currently 
27) are connected to the central European registry called Community Independent Transaction Log 
(CITL). Every national or inter-European transaction is processed by the CITL. All national and Euro-
pean ET registries are public and can be inspected by every EU citizen via the internet. 

3. Related Work 
At the University of Hamburg, EU ETS is also subject of research at the Faculty of Economics and 
Social Science, where a research group surveyed the behavior of companies in Germany, the United 
Kingdom, the Netherlands, and Denmark. This study uncovered some facts, which are relevant for the 
objectives of our project as well: In interviews, companies were asked to rate their additional workload 
generated by EU ETS. While Danish and Dutch companies mostly stated a light or medium workload, 
many German companies perceived the additional workload to comply with the rules of EU ETS as 
rather heavy or very heavy (Engels et al 2008). This might partly depend on German mentality, but 
German bureaucracy certainly influences these results as well. 

Another interesting fact is the willingness of facility operators to trade with EUAs. According to 
Engels et al. (2008) only 43% of German companies involved in EU ETS traded with EUAs in 2006, 
while this rate was significantly higher in the UK (74.2%), in Denmark (60%), and in the Netherlands 
(71.4%). This result is further evidence that the workload for German companies is high and that the 
legal and temporal structure of EU ETS in Germany is rather complex. A supporting software assistant 
could be one approach to improve this situation. 

Before starting our project we reviewed and categorized existing IT-solutions that claim to support 
EU ETS. In discussions with certified experts, with the DEHSt, and with facility operators, we could 
not identify a popular all-in-one solution yet. Nevertheless, a number of tools support single aspects of 
EU ETS. Overall, we found less than a dozen of commercial and proprietary software tools. Only one 
open source software was found, which had already been discontinued due to changes in the German 
ETS process. Due to page restrictions, we omit the detailed review here and only present a summary 
of results.  

Most reviewed tools exclusively focus on emission reporting and support no other aspects of EU 
ETS such as monitoring concepts or allocation requests. Even emission reporting is not supported con-
sistently, as the output often does not comply with the FMS XML format required by the DEHSt. 
Some software manufacturers argue that the FMS format would change too frequently to keep inter-
faces up-to-date. Obviously, the effort to adapt a software system to changes in the FMS depends on 
the way the modelled workflows are implemented. In Section 4.2 we describe our vision to tackle this 
problem. 

Most reviewed software systems are form-based and do not include assistant functionality. In par-
ticular, these tools do not guide the user through the complex legal and temporal structure of EU ETS, 
and do not notify him about impending tasks. The user must know exactly about upcoming tasks and 
their deadlines as well as the available obligatory software tools to perform them. We envision a com-
prehensive software assistant, that (1) helps the user to get a survey of outstanding tasks, (2) provides 
support and step-by-step guidance in solving them, (3) interacts with the provided software solutions 
of the DEHSt, (4) produces the correct output format of data, and (5) includes a straightforward update 
mechanism. To the best of our knowledge, a solution with this comprehensive functionality does not 
yet exist. 
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4. Design of a Software Assistant for Facility Operators 

4.1 Specification of the Software Assistant 
Based on the above considerations, we introduce a draft of an assistant system for supporting facili-

ty operators. Schmitz (2007) analyzed the central workflows for the facility operators’ different duties 
in EU ETS to set up this draft. Since the term ‘software assistant’ is defined quite heterogeneously in 
computer science literature, we first state a definition, which narrows down the characteristic attributes 
of several literature sources (see Schmitz 2008): 

 
Definition: A software assistant is a distinct (sub-) system with the purpose to support the user in 

carrying out complex and infrequent tasks. This is achieved by interacting with the user through dia-
logue prompts, forms, and help dialogues. Thus the processing of the given task is simplified by guid-
ing the user step-by-step through a (pre-) structured workflow. 

A guiding software assistant can help facility operators in coping with EU ETS most efficiently, 
when it covers all relevant duties in the complex process of emission trading. To map the whole proc-
ess, all duties of facility operators must be modelled with their typical workflow. This includes the fol-
lowing tasks: 

1. Administrative preparation: registration at DEHSt, Software installations (like VPS)  
2. Creation of the monitoring concept and early verification through an expert.  
3. Periodic revision of the monitoring concept, especially when the facility is changed and prior 

to each emission report. 
4. Initial data collection: clarification if there is a need to participate in EU ETS, or if a voluntary 

participation provides advantages. 
5. Allocation process: request for allocation and grant of the allowances.  
6. Emission reporting: An adequate time scheduling is highly important to meet the given dead-

lines and avoid penalties for late submission or missing approval. 
7. Trading with emission certificates. 
8. Refund of used allowances to the DEHSt. 

 
In this context, the facility owner is obligated to submit the necessary data for initial data collection 

(according to DEV 2012), for allocation requests (according to ZuG 2012) and for emission reporting 
(§5 TEHG) via FMS. According to Schmitz (2008) the assistant must appropriately map these forms 
and ease data entry with the following techniques: (1) Provide correlating introductory texts, help di-
alogs, and explanations for each field. (2) Define a logical course of data entry steps and a content-
specific structuring of jointly or separately acquired fields. (3) Skip unnecessary fields, dialogs, and 
explanations that are not required for a specific facility, activity, or material flow. The assistant should 
also support the XML interfaces of the corresponding FMS forms to enable the export of the acquired 
data into the FMS. 
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Figure 2: UI prototype of the Emission Trade Assistant: All sections and all graphical elements, including 
the hierarchical workflow navigation already exists, but do not provide functionality yet. 

Figure 2 shows a mock-up of a possible graphical user interface (UI) design. The UI prototype 
combines different software tools that aid facility operators in fulfilling their EU ETS-related duties. A 
timeline-based navigation helps to handle the complex time course of emission trading with its over-
lapping cycles. All duties are presented with named icons and due-dates on a horizontal line. An addi-
tional calendar reminds the facility operator of close deadlines. When choosing a task from the time-
line, the corresponding assistant will be shown in the central area of the UI. We expect especially two 
types of assistants to be useful in this context: While wizards are used during setup and data entry 
tasks, guides support the user with advice and instructions about how to perform certain activities out-
side the software assistant. Next to the currently active wizard or guide, the hierarchically structured 
overall workflow is shown in a tree view. Thus, the user is able to orientate himself in the workflow 
and to return to prior steps if necessary. A text input box will permit full text search through all wi-
zards and guide dialogs. 

After each step in a workflow, data must be validated and saved. In case of validation failure, rule 
based assistants could offer help to correct the entered data, e.g. by inserting additional workflow steps 
or by showing additional guides. This possibility enables re-entries into the workflow and comple-
ments the strictly sequential processing of automata-based approaches with more autonomy for the us-
er. Importing data into the software assistant with the help of flexible interfaces to third party software 
(e.g. for database access) would also help to reduce work by re-using existing master data like e.g. ad-
dresses.  

The assistant will provide a multi-user concept to distinguish between experienced and novice users 
as well. Other roles of the emission trading process such as accredited experts (verifiers) might also be 
considered. Depending on the user type, specific (parts of) guides and wizards could be displayed or 
hidden. User specific settings will allow for the configuration of individual dates or notifications, thus 
giving every user the individual preparation time he needs to perform a specific task.   
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4.2 Modeling the Workflows 
One important requirement on the designed software assistant is a high flexibility and easy chan-

geability in response to the permanently changing regulations and IT implementations (e.g. XML in-
terface definitions) in EU ETS.  This requirement can only be satisfied if the definition of the 
workflow and the corresponding dialogues are not hard-coded into the system. We will therefore use a 
visual or script-based workflow definition language as well as an interpreter system that dynamically 
loads the needed workflow definitions into the system and enacts the modelled workflows (workflow 
engine). One option is an XML-based workflow definition language like the XML Process Definition 
Language XPDL or the enhanced version XML Workflow Definition Language XWDL (WfMC, 
2007). 

We approach the decision for an appropriate workflow language and engine from different sides: 
Firstly, we develop a detailed model of the processes that an (idealized) facility operator must follow 
while taking part in EU ETS. This model will be refined and validated in interviews with German fa-
cility operators. Secondly, we will identify the workflow patterns (van der Aalst et al., 2003) that are 
relevant in EU ETS. Based on evaluations as provided by the Workflow Patterns Initiative (2009), it is 
straightforward to choose an appropriate workflow language and -engine that support the relevant pat-
terns. Thirdly, we will identify practically applicable workflow engines that are compatible with Mi-
crosoft .NET as the target platform for implementation. One candidate is the Microsoft Workflow 
Foundation (MSWC, 2009). 

4.3 Implementation with the Empinia Framework 
Empinia (see Schnackenbeck et al., 2007; Empinia, 2009) is a software framework for the Microsoft 

.NET platform that was developed at ifu Hamburg, the HTW Berlin, and the University of Hamburg. 
Broadly speaking, the purpose of Empinia is to provide a platform for the component-based develop-
ment of interactive rich client applications under Microsoft .NET; quite similar to the popular Java-
based Eclipse Rich Client Platform (Eclipse RCP, 2009). 

The main unit of modularization in Empinia is a plugin, i.e. a self-contained software component 
that can be added to or removed from an application at runtime (e.g. Schnackenbeck et al., 2007, p. 
50). The runtime system consists of a small core with the only task to load and manage plugins. As in 
Eclipse, all application-specific functionality is provided by extension plugins that dock into extension 
points of others. Besides the runtime system, Empinia provides a set of general-purpose services (e.g. 
for object creation or the storage of application preferences) and a graphical workbench UI. Since all 
Empinia components are defined by general interfaces, it is quite straightforward to substitute the un-
derlying implementations, e.g. to use different widget toolkits for the UI. 

Empinia provides several components that can be employed for the implementation of the EmTrAs 
software. For example, an included framework for the model-driven development of business objects 
(Busse et al., 2008) will be used to implement the data model underlying the assistant. The framework 
includes generic mechanisms to persist business objects in databases or XML files, which will ease the 
linking of EmTrAs to external systems mentioned in Section 4.2. Domain-specific components provid-
ing EMIS functionality like material management or material flow analysis are under development as 
well (e.g. Schnackenbeck et al., 2007, Section 3.4). 

Generally, the embedding of EmTrAs into existing IT infrastructures can be achieved in two ways: 
Interfaces to external systems can be developed as Empinia components and plugged into a stand-
alone EmTrAs application. Alternatively, EmTrAs itself can be integrated as a plugin into any EMIS 
application built upon Empinia. This possibility is briefly sketched in Section 5. 

The EmTrAs project is also expected to contribute new general-purpose software components to 
Empinia. One contribution will be the integration of a workflow engine into the plugin platform. 
Simmendinger et al. (2007), who presented a similar integration in the Eclipse context, argue that a 
workflow engine can impose an overall control flow upon an ‘unordered’ set of plugins and thereby 
improve the development and usability of plugin-based applications. We expect the workflow engine 
to be especially useful for the development of assistants for other Empinia-based applications. 
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5. Conclusions and Outlook 
In this paper, we have presented a concept for a software assistant that will aid facility operators in ful-
filling their duties related to the EU emission trading system. We have started to define exemplary re-
quirements in the context of the German emission trading process, which has been rated complex and 
time-consuming by facility operators interviewed in a sociological study. Furthermore, we have pre-
sented first ideas to build an assistant that is easy to use by facility operators and straightforward to 
maintain and change by software developers. The applied methods will include assistant concepts like 
guides, wizards, and rule-based assistants, as well as workflow modelling and component-based im-
plementation. 

In our joint two-year project, the requirements analysis will soon be extended to the needs of avia-
tion operators, whose inclusion into EU ETS is about to become mandatory in the near future. These 
operators will be allocated specific aviation allowances that cannot be sold to conventional facility op-
erators. Aviation operators will, however, be able to use ‘normal’ EUAs to cap their emissions. 
Another exception of aviation ETS is that even non-European airlines will have to own European avia-
tion allowances, as long as their aircrafts approach EU countries. 

To model and implement the overall emission trading process, we will have to work through ap-
proximately 1000 pages of legal texts and have different industrial partners test our concepts. Facility 
operators will only be willing to use the software assistant, when it is stable and reliable, proves easy 
to install and to use, integrates well into their specific IT landscape, and reduces the effort of their dai-
ly work. To achieve this goal, iterative prototype-based software development (Pomberger und Pree, 
2004) and agile project management (Scrum, e.g. Schwaber 2004) will be applied in cooperation with 
facility operators. 

Another future focus is the development of analysis components that support the decision-making 
of facility operators, e.g. for buying and selling allowances. Due to the use of Empinia as a common 
technical basis, it will be possible to integrate components of the tools Umberto and e!Sankey devel-
oped at ifu Hamburg into EmTrAs. These tools allow to model, analyze, and visualize material and 
energy flows in terms of material flow networks (Möller, 2000) and Sankey diagrams. Complementa-
ry, it might be interesting to integrate the assistant into an existing EMIS such as Umberto. Another 
example is the simulation tool Milan for an integrated ecological material flow analysis and economic 
production simulation (Wohlgemuth, 2005), which is currently re-implemented with Empinia at the 
HTW Berlin. An integration of EmTrAs into this tool would allow facility operators to better estimate 
future emissions while at the same time planning an environmentally optimized production process. 
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