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Abstract 

This paper provides a summary of our funded cooperation project 'Emission Trade Assistant'. The goal of this almost 
completed project has been the development of a user-friendly, workflow-based assistant software that guides facility 
operators through the rather complex and time-consuming course of the EU Emission Trading Scheme (ETS). ETS is 
one of the European Union's key instruments towards reducing greenhouse gas emissions. During the project, the IT-
specific requirements of the German ETS have been analyzed with respect to stationary facilities and and later as 
well to aviation. Based on this analysis, prototype assistants have been implemented using the .NET-based plug-in 
framework Empinia, which has also been extended by a re-usable, workflow-based assistant engine. This paper re-
views the present results with a focus on the practical lessons learned from the analysis and development. 

1. Introduction 

In this paper we summarize the experiences of our two-year cooperation project ‘Emission Trade Assis-
tant’ ending in a few months. This cooperation project in the field of Environmental Informatics between 
the University of Hamburg and ifu Hamburg GmbH has been funded by the German Federal Ministry of 
Education and Research (Support Code: 01LY0819 A/B).  

Emissions Trading is one of the key approaches used by the European Union (EU) to reduce 
greenhouse gas emissions. By defining upper emission limits and by trading emission allowances the mar-
ket should automatically look for the most efficient and affordable emission reductions. This Emissions 
Trading Scheme (ETS) leads to a high auxiliary expenditure of administrative work for emitters of CO2. 
Among other things, monitoring concepts and emissions reports must be provided; data has to be collected 
and Emission Allowances must be requested and traded. 

In the context of our project, we analyzed the EU ETS from the Applied Informatics’ point of 
view. We investigated the existing IT-infrastructure in German ETS and the requirements of stationary 
plant operators as well as upcoming EU ETS for air carriers. Our aim was to implement a software appli-
cation, which will (a) guide facility operators through the ‘jungle’ of emissions trading, (b) interact with 
obligatory IT-systems and (c) produce the necessary documentation which has to be provided in the con-
text of ETS.  

Even though ETS has been established over the past 6 years there are still annoyances for facility 
operators. One reason is that legal defaults change regularly. The legal requirements differ from industry 
to industry. Each enterprise brings along its own infrastructure. In response to this initial position, the 
most important requirement on the software assistant development has been a high degree of flexibility, a 
straightforward update mechanism and the possibility to adjust the software to individual demands.  
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The basic platform for our software development is the Empinia plug-in framework, a rich client 
platform (RCP) for .NET 4.0 inspired by the Java-based RCP Eclipse. This framework contributes com-
ponents for high level application development, such as a persistence library, a help system or a code gen-
erator for application-specific domain models.  Based on the Microsoft Windows Workflow Foundation 
(MS WF), we implemented a prototype engine for dialog-based assistants. MS WF permits a straightfor-
ward integration with Empinia, it is easily extensible, and includes both an XML Editor and a visual work-
flow editor.  The assistant engine enables the modeling of wizards, which guide the user through the pro-
cess of emissions trading, ask for user input by means of forms and process the input automatically. The 
engine is open-source and can be used in other Empinia-based products. 

During the course of our project, the EU ETS was extended to aviation operators.  Here, the pro-
cess differs significantly from the procedures used in the context of stationary plants. This gave us the op-
portunity, to put the flexibility of our concept to the test. On the basis of the framework and the existing 
assistant code, we were able to implement a number of prototype assistants for aviation operators with rel-
atively small effort. These assistants can be used for importing monitoring concepts, entering selected 
emission data as well as exporting emission reports as requested by the German Emissions Trading Au-
thority (DEHSt). Furthermore, we investigated a suitable visual representation of collected emission data. 
By means of Sankey Diagrams, we visualized the emission output corresponding to air routes or aircrafts.  

The remaining parts of this paper are organized as follows: Section 2 provides an introduction into 
the Emission Trade System. In Section 3, we sum up preconditions and requirements on the developed 
software determined during a thorough analysis of the German ETS. Sections 4 and 5 delve into details of 
our software design based on component and workflow technology. We present our specific assistants for 
aviation ETS in Section 6 and show visualizations of aviation-related emission data in Section 7. Section 8 
provides a conclusion and an outlook to future topics concerning IT support of the ETS. 

2. The European Union Emissions Trading Scheme 

The European Union Emissions Trading Scheme (EU ETS) is the world’s first multi-national trading 
scheme for carbon-dioxide (CO2) and other greenhouse gases. It covers nearly 11,000 facilities, located in 
the 27 EU member states as well as Iceland, Liechtenstein and Norway. Altogether these facilities are re-
sponsible for around 50% of the CO2 emissions of the EU and around 40% of all its greenhouse gas emis-
sions (European Commission 2009). 

The scheme’s basic approach is to establish a market-based financial counterweight to the emis-
sion of pollutants and thus to create an incentive for the operators to reduce their amount of greenhouse 
gas emissions (Page 2009). Practically, this is done by issuing a fixed number of so-called Emission Al-
lowances (EUA), each of which allows releasing one ton of CO2. At the same time a framework for trad-
ing with these permits is introduced, enabling each operator to choose whether to implement his own poli-
cies for emission reduction or to buy missing EUAs from others (Cap and trade).  

According to the Coase theorem (Wegehenkel 1980) a system like the EU ETS ultimately con-
verges to the most efficient distribution of the rare good in question, in this context the EUAs.  

2.1 Responsibilities of the plant operators 

All activities of the EU ETS are administratively organized in so-called allocation periods. An allocation 
period comprises several years in which the regulatory framework of the EU ETS remains unchanged in 
general. At the beginning of each period, the local authorities compile National Allocation Plans (NAP) 
describing how much they intend to reduce the emissions in each industrial sector. To become effective a 
NAPs has to be approved by the European Commission. If this is done – possibly after adapting the NAP 
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according to the feedback of the commission – the emission permits available for the respective country 
are assigned to the local operators by means of benchmarks or their historical emissions. This form of or-
ganization not only offers an increased planning reliability to the operators, it also helps to handle tempo-
rary fluctuations in emission levels caused by economic and ecologic factors.    

To ensure a fair and transparent allocation of the EUAs, the local authorities need detailed infor-
mation about the amount of emissions each operator is responsible for, hence the number of emission 
permits the operators would require under constant conditions. This information is especially important if 
an operator is a new applicant to the EU ETS and thus has not applied for EUAs before. Therefore one the 
first responsibilities of a new operator in the EU ETS is to determine his past release of pollutants, have 
this analysis approved by an accredited verifier and send it to the local authority. In addition to this, new 
applicants are obliged to create a monitoring concept, including a detailed technical description of the fa-
cility as well as the arrangements made to reliably determine the amount of released greenhouse gas. For 
existing operators the analysis of historical emissions is not required as this information can be found in 
the emissions reports of previous years. They are however liable for updating their monitoring concept if 
the facility is upgraded in a way that affects its greenhouse gas emissions. 

Besides the non-regular tasks described so far, the operators are required to fulfill a number of an-
nual duties. An emissions report stating the amount of released pollutants has to be created for each facili-
ty. This information has to be reviewed and certified by an accredited verifier who then publishes it 
through the official Emission Trading Registry. Once the certified emissions data is entered in the registry 
the operator is directed to start transferring an according number of EUAs to the DEHSt. If an operator 
however transfers less then the settled amount the emission permits, currently a fee of 100 Euro has to be 
paid for each ton of CO2 that was not compensated. Figure 1 gives a short overview of the tasks described 
in this section. 
 

Figure 1. Responsibilities of operators of the EU ETS displayed as an UML state chart diagram. Obligato-
ry tasks are depicted by grey rectangles, optional step are display as white rectangles. Source: (Page 2009) 
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2.2   Obligatory IT-Systems for the EU ETS in Germany 

To date, there is no common standard for tools or modes of communication to be applied by all countries 
in the context of the EU ETS. In fact, every local authority is required to define its own rules to conduct 
the EU ETS in its jurisdiction. As our cooperation project focuses on the German implementation of the 
EU ETS, this will be the scope for the rest of this section. In Germany, the DEHSt provides the regulated 
operators with three distinct software systems. 

The Form Management System (FMS) is a web-based application that is used routinely for creat-
ing emissions reports and allocation requests. Besides that it is also used to provide or update the infor-
mation required for the initial data collection in order to comply with the Data Collection Ordinance 
(DEV). The FMS features import and export functionalities for saving the form’s content in a XML file 
and re-import it if required. 

The Virtual Post Office (VPS) is a Java-based mail system providing secure communication in the 
context of EU ETS in Germany. It is a closed system, so only registered users may use it to communicate 
with each other. Sending or receiving messages to or from users outside the system is not possible. All 
messages sent through the system are encrypted and signed using a public-key-infrastructure based on ob-
ligatory electronic signature cards. This is essential to fulfill the requirements of the German Signature Act 
(SigG) in order to implement a completely paperless and legally binding form of communication.  

The Emissions Trading Registry is a web-based application that provides basically the same func-
tionalities as an online banking system. In contrast to an ordinary online banking system however it is de-
signed to hold and transfer emission permits rather than money. Besides that the Emission Trading Regis-
try is used to provide the public with general information about the operators and their facilities as well as 
the number allocated EUAs and the amount emitted CO2 per operator. The registry is connected to the 
central European registry called the Community Independent Transaction Log (CITL) which executes all 
national and inter-European transactions. Through the CITL it is also linked with the local registries of the 
other countries participating in EU ETS.  

3. Preconditions and Requirements 

3.1   Market analysis  

 
At the beginning of our project we reviewed existing software solutions. We found less than a dozen 
commercial software tools that claim to support EU ETS. None of them provides an all-in-one solution. 
Nevertheless, they support single aspects of EU ETS. Most frequently, they support the task of emission 
reporting. But even this task is not adequately supported at all, because the output of some tools does not 
comply with the FMS XML format required by DEHSt. Some software manufacturers argue that the FMS 
format would change too frequently to keep interfaces up-to-date. We essentially state, that there is no so-
lution yet, which guides the user through the legal and temporal structure of EU ETS. (Page 2009) 

We interviewed different participants of the EU ETS. First, we talked to national authorities and 
accredited verifiers in order to seize the administrative processes and compliance responsibilities of emit-
ters (section 2.2) and to receive a comprehensive impression about the lining up problems within those 
processes. Then, we talked to about twenty facility operators with the intention to detect individual differ-
ences in the processes, roles and responsibilities within their organizations and the used software solu-
tions. We also explained our project and asked under which conditions the tool could be used and which 
components would be of most interest. We developed a detailed model of the processes that an idealized 
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facility operator has to follow while taking part in EU ETS. This model was refined and validated in the 
interviews. 

While nearly all companies had problems while introducing the EU ETS, now, most processes are 
more or less established. The amount of work differs significantly from company to company. Some com-
panies own more than a dozen facilities, each of them implementing comprehensive material flows. “In 
these companies, the environmental management departments would like to perform characteristic ecolog-
ical balances via Environmental Management Information Systems (EMIS). Other companies may only 
own a single combustion plant with one kind of material flow, mostly a fuel like heating oil or firewood. 
Because wood is a sustainable, renewable product, companies don’t need to buy EUAs for emissions pro-
duced by the combustion of wood. Nevertheless, they need to report those emissions, too. […] Things are 
getting more complicated, if a company uses more than one kind of fuel, and become particularly difficult, 
if the fuel comes from a foreign country.” (Joschko 2010) Only a few companies use special ETS soft-
ware, most just apply Microsoft Excel and the tools provided by DEHSt.  

3.2    Specification of the Software Assistant 

 
As a result of these interviews, we claim that flexibility is the most important requirement of emission 
trade assistant software. Frequent changes in the ETS process require timely updates of the assistant soft-
ware. It would be desirable that the Emission Trade Assistant can be coupled to the existing IT-
infrastructure. E.g., emission data has to be imported automatically. An Excel import function would be 
sufficient for most companies. In addition such a tool would need to be adaptable to the existing process-
es. This requirement can be satisfied if the workflow process is not hard-coded but dynamically loaded. 

Based on these considerations, we introduce a prototype of an assistant system for facility opera-
tors in EU ETS. Since the term ‘software assistant’ is defined quite heterogeneously in literature, we state 
a definition, which narrows down the characteristic attributes of several sources (Schmitz 2008): 
 
Definition: A software assistant is a distinct system with the purpose of supporting the user in carrying 
out complex and infrequent tasks. This is achieved by interacting with the user through dialogue prompts, 
forms, and help dialogues. Thus the processing of the given task is simplified by guiding the user step-by-
step through a (pre-) structured workflow. 

 
We sum up the requirements for EmTrAs as follows: (a) Help the user to get a survey of outstanding tasks, 
(b) provide support and step-by-step guidance to solve the tasks, (c) interaction with provided software so-
lutions of the DEHSt, (d) interaction with existing IT-infrastructure, (e) workflow must be adaptable to the 
individual corporate processes and (f) including straight forward update mechanism. In the prototype im-
plementation of the Emission Trade Assistant, we concentrated on the flexibility and adaptability of the 
Workflows and in the interaction with DEHSt FMS. In the following sections, we present our approach for 
this particular problem. 

4. Plug-in-based architecture with Empinia-Framework 

To support a flexible configuration of the assistant software, we opted for an implementation based on the 
Plug-in architecture Empinia (Schnackenbeck 2007, Empinia 2011), an open source software framework 
for Microsoft .NET mainly developed at the ifu Hamburg, the HTW Berlin and the University of Ham-
burg. Its purpose is to provide a Rich client platform reminiscent of the well-known, Java-based Eclipse 
platform (Eclipse 2011) to the '.NET world'.  
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 In particular, Empinia offers a lightweight runtime environment for self-contained software com-
ponents and a meanwhile large number of re-usable components for general application development (e.g. 
support of persistent domain models, see Busse 2008) as well as components focused on Environmental 
informatics (e.g. a material flow simulator, Joschko 2009). Since the recent software development at ifu 
Hamburg is also based on this platform, the coupling of modeling and analysis tools such as Umberto for 
Carbon Footprint (Umberto CF 2011) with the Emission Trade Assistant should be straightforward from 
the technical point of view. 
 In (Joschko 2010) we have sketched a possible setup of the assistant software based on existing 
and new Empinia components, that is revisited in Figure 2. The red line in this figure indicates the scope 
of components that were re-used, modified, or newly developed in the implementation of the Emission 
Trade Assistant. 

Figure 2. Component structure of the Emission Trade Assistant software. The red line indicates compo-
nents for which an implementation already exists. Figure in the style of (Schnackenbeck et al. 2007), 

adopted with modifications from (Joschko et al. 2010). 

As expected, the proportion between re-use and new implementation decreases from the lower to the high-
er layers of the sketched architecture. The basic platform was straightforwardly re-used without notewor-
thy modifications. Among the components for high-level application development, the domain model and 
persistence libraries have been undergoing minor adaptations, while the help system was largely rede-
signed, and a prototypical workflow integration was added as part of the EmTrAs project. The develop-
ment of the workflow-based assistant engine as well as the basic ETS assistants is detailed in the follow-
ing Sections. 

5. Assistant Engine and Workflow Modeling 

The most vital components of the Emission Trade Assistant are the assistant engine and the distinct duty 
assistants, which are derived from it. As described above, high flexibility and easy changeability are nec-
essary in response to permanently changing regulations and IT implementations. The workflow process 
must not be hard-coded but dynamically loaded. Easy manipulation of the workflow model and the corre-
sponding dialogues should be provided. The workflow language has to support various selected workflow 
patterns: Sequences, parallel splits, exclusive choices, deferred choices, synchronization, synchronizing 
merges, cancel activities, implicit termination and arbitrary cycles (van der Aalst (2003), Workflow Pat-
terns Initiative (2009)). 

To make a straightforward integration with Empinia possible, we have chosen the Microsoft Win-
dows Workflow Foundation 4.0 (MS WF) and .NET 4.0 (MSWC 2011) as a basis to implement the assis-
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tant engine. MS WF 4 is easily extensible and includes a visual workflow editor, which allows to model 
workflows not only within the Visual Studio 2010 IDE, but can also be embedded as a component into 
other applications. Hence, even end users of EmTrAs will be enabled to configure their own workflows. 
Necessary input forms can be described using the Windows Presentation Foundation, which is based on 
XML dialect XAML. They are raised by workflow activities and coupled to the domain model via .NET 
data binding mechanism. 

A workflow for a typical task consists of three types of objects: The object most used is an activity 
to show a specified wizard page and bind it to the domain model (e.g. input forms for entering data).  Ad-
ditionally, there are control flow activities like loops and conditions, which are part of MS WF and can be 
used within the assistant workflow. Furthermore, there are so called code activities, which do special tasks 
like generating a xml file or reading an input file.  The assistant engine offers a navigation view, which in-
dicates steps already being processed and steps that have no valid data input yet. The engine allows the 
user to jump back to previous steps. If a user changes entered data, the following depending steps should 
be invalidated, but our prototype does not support this feature completely yet. 

In scope of EU ETS for stationary facility operators, we have implemented assistants for import-
ing emission reports, for entering and manipulating basic claims data as well as production and emission 
data and for exporting valid emission reports for DEHSt FMS. There is a superordinate Workflow, which 
calls the appropriate tasks at the given time. We also implemented some assistants for Aviation ETS as de-
scribed in the following section in order to demonstrate the flexibility of our concepts. For a more detailed 
description of the problems during the implementation phase of the assistant engine see (Joschko et al 
2010). 

6. Aviation ETS 

The preparations of the Aviation ETS scheduled to officially start in 2012 have already introduced several 
new obligations for air carrier. In contrast to facility operators not only European carriers are affected but 
also all foreign carriers flying into Europe, all together nearly 4,000. The carriers are administratively as-
signed to an EU member state, according to their air carrier operating certificate (AOC) or the amount of 
their emissions. About 350 operators are assigned to the German DEHSt. The aviation CAP is base on the 
average emissions in the time frame 2004 to 2006, will start with 97% of that in 2012 and will be lower to 
95% for the following emission period starting 2013. 

To follow the EU guidelines air carriers have to create two monitoring concepts (MC) – one for 
their annual emissions (AE) and one for ton kilometers (TKM). The second one is used to get a first esti-
mation of the amount of emissions the EU is monitoring and to cross check the reported emission data. 
Thus air carriers not only have to provide two monitoring concepts but as well two emissions reports (ER), 
one with regard to each monitoring concept. 

The DEHSt has upgraded the existing FMS infrastructure to provide the FMS forms for both mon-
itoring concepts and emissions reporting. Although it is possible to import data from one MC to the other 
this will not help you if you have already both MCs set up and need to change one of the many redundant 
items in them. In this case you have to rework them independently. The same is true if you have already 
created an ER by attaching the corresponding MC. If the MC is changed afterwards this is not reflected in 
the corresponding ER FMS. Additionally there are not only many redundant entry fields in both MC but as 
well many in both ER. But changing address, contact or plane fleet information in all 4 FMS would not be 
the worst scenario. Nearly unpractical is the entry of all airport pairs for both ERs at least for larger air-
lines. 

Here, the flexibility of EmTrAs comes into play. Although we have concentrated our efforts on 
facility operators before and only a few month had been left in our project, we were able to build up a 
working prototype with the already build assistant architecture, that was able to read FMS based MCs, run 
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assistants to add data to the database using the stepwise created domain model, that integrated the domain 
scope of all 4 FMS systems and finally create export files, that could be imported into FMS. The most 
challenging part was the creation of the aviation domain model as the field naming across the 4 FMS was 
not always unique and sometimes even misleading and ambivalent. As a result we have been using two 
approaches – the top-down approach following the given XML and XSD documentation was complemen-
tarily completed by reverse-engineering button up approaches entering test data into the FMS and export-
ing them and thus identifying required fields. 

7. Reporting and visualization features 

Although the current prototype implementation of the Emission Trade Assistant does not yet provide any 
reporting or visualization features, we have prepared two basic approaches how this could be done in later 
versions of the application. 

The first approach for adding reporting and visualization features to the application is to establish – 
preferably automated – interfaces to external software tools, which provide the desired evaluation func-
tions. Two likely candidates for being used as this kind of external evaluation tools are e!Sankey and Um-
berto, both developed by ifu Hamburg GmbH. While e!Sankey is designed to be an easy-to-use visualiza-
tion tool for material flow networks using so-called Sankey diagrams, Umberto constitutes an all-in-one 
software suite for performing process optimizations and life cycle assessments based on material flow 
networks.  

Figure 3 presents the graphical representation of a fictitious air carrier’s German domestic route net-
work containing information about city pairs, number of connections in a given period of time and the 
types of aircrafts used. The figure was created as a mock-up using e!Sankey with the underlying infor-
mation entered manually. Having an interface to the EmTrAs application however would allow generating 
this figure automatically at the push of a button.   

In contrast to e!Sankey, Umberto allows not only visualizing but also setting up calculations on material 
flow networks. This can be used for optimization of material flows but also to compute missing quantities 
in the network. It enables us to visualize a material flow network that as well describes the amount of 
greenhouse gas emissions and transportation services at the same time, while simultaneously showing the 
consumption of kerosene burnt by different types of aircrafts on different routes of the fictitious air carri-
er’s network.  

Besides creating a number of interfaces for triggering rather general evaluations in external tools, one 
may find it also reasonable to implement context-specific reporting components specifically for EmTrAs. 
A rather simple example of such a component compares the number of EUAs available with the number 
of EUAs required by an operator. If required this component could be designed to include multiple facili-
ties, thus easing the optimization of the company-wide distribution of EUAs, the coordination of emission 
reduction policies and other control activities of the operator. In addition to this, the component could pro-
vide the operator with alternative choices of action, depending on his individual situation.   
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Figure 3. Graphical representation of a fictitious air carrier’s German domestic route network created by 
using e!Sankey. Source: Background image adopted with modifications from Wikimedia Commons 

(http://commons.wikimedia.org/wiki/File:Deutschland_Bundeslaender_1990.png, last access: 18/07/2011) 

8. Conclusion and Outlook 

In this paper, we presented a concept and a prototype implementation of an Emission Trade Assistant. We 
provided an overview of the regulatory framework of the European Union Emissions Trading Scheme and 
its German implementation. Based on that, we defined the essential requirements for the assistant, point-
ing out that flexibility has to be assumed as the most important characteristic for the final software prod-
uct. We then introduced an assistant engine that we developed as an extension for Microsoft Windows 
Workflow Foundation 4.0. This engine was used for modeling the wizards we created to support facility 
operators as well as air carriers in the context of the EU ETS. Finally, we described a number of ap-
proaches to include reporting and visualization features in the EmTrAs application. The main advantages 
of the EmTrAs concept are the redundancy free centralized data management, the setup flexibility and its 
import and export features. 

EmTrAs will not be announced as a ready-made product, because the requirements of the operators are 
too different. The market demands rather individual conceptions which can be adapted to corporate pro-
cesses and IT-infrastructure easily. EmTrAs however offers an appropriate starting point for such under-
takings. We will further observe the advancement of the EU ETS, as it will step by step cover more and 
more industrial sectors and Green House gases. The recent expansion is the Aviation ETS. Perhaps in fu-
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ture, ETS could be extended on shipping traffic or even personal households might be included. Thus you 
would not only have to provide your annual tax report but as well your emissions report. In such a scenar-
io the market perspectives for a product like EmTrAs would be greatly improved. It would be easily pos-
sible to expand our assistant on upcoming areas of application. 

Independent from the development of the EmTrAs, the assistant engine can be used in any 
Empinia based application which runs with NET 4.0. Apart from environmental information systems also 
applications from another application domains would be conceivable. E.g. we actually use it to describe an 
experiment planning assistant in scope of simulation software. The assistant engine is open-source and can 
be downloaded from the code repository of the Empinia project. 
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