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1. INTRODUCTORY REMARKS 
The issues of how to measure and improve eco-efficiency of whole systems are of paramount 
importance to booster innovation for growing the economies while reducing environmental 
impacts. To be able to fulfill the requirements and targets of the newly adopted global 
sustainable development goals (SDGs) such enlarged system management approaches as 
presented in the above mentioned dissertation will gain in importance compared to classic, site 
or institutional focused optimizations methods and metrics.  

The Europe 2020 strategy promotes resource efficiency in several ways, e.g. by increasing the 
share of renewables. The strategy also promotes ‘Resource efficient Europe’ to foster de-
coupling economic growth from the use of resources, alongside ‘resource efficient technologies’ 
(CEC, 2010a: 4). According to the flagship document on - A Resource-Efficient Europe: ‘By 
reducing reliance on increasingly scarce fuels and materials, boosting resource efficiency can 
also improve the security of Europe's supply of raw materials…’  and also a shift towards a 
resource-efficient and low-carbon economy ‘will help us to boost economic performance while 
reducing resource use’.  Additionally the positive effect of ambitious targets on innovation: 
‘…stricter environmental targets and standards which establish challenging objectives and 
ensure long-term predictability, provide a major boost for eco-innovation’ (CEC, 2011a: 2, 6). 
Resource-efficient innovation has numerous drivers and barriers, which have been identified on 
a general industry-wide basis (DG Communication, 2011; EIO, 2011, 2012).  The concept 
‘circular economy’ has been widely elaborated with diverse definitions. While the EC 
emphasizes value chains, Forum for the Future (2014) emphasizes a shift to value networks for 
greater flexibility. 

More specifically to the presented thesis the Water Framework Directive (WFD) requires 
member states to maintain or achieve a ‘good ecological status’ for surface water by 2015. It 
introduced a single-substance approach defining a list of priority substances.  The Urban Waste 
Water Treatment Directive (UWWTD) has focused on conventional wastewater indicators and 
sum parameters.  Their removal has two different rationales – to lower health and environmental 
hazards, and to facilitate water re-use.  A further Directive on environmental quality standards 
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required a ‘good chemical status’ in drinking water through removal of priority substances (EC, 
2008).    

The presented thesis develops and applies a concept for eco-efficiency based on the Standard 
ISO 14045 in the spirit of the aforementioned frameworks for a technical water supply and 
waste water treatment system in combination with the users of the water and the provided 
services by using the water. The elaborated concept is then applied to a comprehensive case 
study area in the city of Sofia (Bulgaria) to proof the feasibility and value of the concept. Data 
acquisition and statistical models have been applied throughout the case study to derive 
ingenious results and visual presentations to support a holistic decision making on appropriate 
system level.  

The study is presented in six chapters covering about 190 pages of text, an annex and reference 
lists and bibliography of 101 literary sources. Textual material is explained with numerous 
tables, figures, maps and computer schedules. 

2. GOALS AND OBJECTIVES OF DISSERTATION 
The aim of the thesis is made explicit in chapter 2:  

"The main goal is to provide a tool that assists the decision making in order to improve the 
quality of water services, in parallel with the reduction of the negative impact on the 
environment and financial costs." 

The purpose and objectives of the thesis are installed comprehensively and correctly and with 
the necessary competence. 

3. METHODOLOGY. 
The basis of the main original method presented and discussed was developed within the FP7 
Ecowater project (http://environ.chemeng.ntua.gr/ecowater/) together with the Bulgarian team 
including the applicant. Based on this original methodology different aspects of applicability and 
required results are discussed to derive a simpler, robust, and more easily applicable method that 
allows coming to similar results required for holistic decision support for interlinked technical 
water treatment and use systems on the adequate system level. 

In the methodology also clearly the real "product" of the overall system is identified: 
"For this reason – not the supplied water but its function to satisfy customers need is the 
product of the system." This basic thought could have been more elaborated within the work for 
the domestic users as no change in needs satisfaction is assumed, despite the overall goal of "… 
to improve the quality of water services ".  
In the ultimately elaborated methodology many adjustments to the theoretical basic idea of the 
eco-efficiency indicators had to be made to apply it to the case study. The implications of such 
adjustments should be elaborated in future works.  
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4. CONTENT DISSERTATION 

Chapter I: Literature review. 
This is a very comprehensive literature review that covers well the relevant aspects of the thesis. 
Special emphasis is placed on the legislative side to address it under European and national 
legislation. As the water sector is heavily regulated and of major importance to the public such 
an approach is well justified. Existing methodological approaches to eco-efficiency are 
described schematically and comprehensively to give a good overview and understanding of 
their working mechanism.  

Critical remarks to Chapter 1 

• In the concepts of eco-efficiency additionally could have been differentiate between value 
based eco-efficiency concepts (like in the Eco-water project and taken as basis for the 
presented concept) and cost based eco-efficiency concepts (e.g. measures to reduce 
greenhouse gases like in McKinsey curve and applied in the end in the presented case 
studies). 

• The requirement for conclusive decision support to aggregate especially the environmental 
impact indicators and the implication of such aggregations in different approaches could be 
elaborated in more detail. This is especially true for the described total aggregation into 
single monetary units as in the suggested cost/benefit analysis. A discussion about the 
different units of the derived eco-efficiency indicators would have been interesting. 

Chapter 2: Goal and tasks of the dissertation 
Based on the stated goal the following two main tasks and sub-tasks were proposed and 
elaborated on: 
Task A: Develop methodology and model to assess the eco-efficiency of urban water systems 

A.1.  Goal and scope definition 
A.2.  Environmental assessment 
A.3.  Selection and adaption of methodology for assessing the economic value of the 

system 
A.4. Elaboration of recommendations for the required set of input data, their processing 

and analysis 
Task B. Testing the developed methodology on a real urban water system 

B1.  Collection and processing of input data 
B2.  A comparative analysis of the eco-efficiency of the urban water systems under 

various future scenarios with implementation of innovative technologies 

Critical remarks to Chapter 2 
The different actors and relevant decision makers and their views in such a system are 
introduced indirectly and could be made more transparent. See cartoon on "Meso-level eco-
efficiency analysis" on http://environ.chemeng.ntua.gr/ecowater/. In the implementation and 

http://environ.chemeng.ntua.gr/ecowater/
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application of such an approach they will ultimately be crucial for a successful uptake of the 
proposed approach. 

Chapter 3:  Development of method and model to assess the eco-efficiency of urban water 
system 

In this chapter the method and model is developed in detail and adapted to the available data 
basis and for the Sofia system and its requirements. This is done very comprehensively and in a 
lot of detail. Everything is transparently documented. 

Critical remarks to Chapter 3 

• Industry has not been a focus for this thesis nevertheless industry often plays an important 
role in the water sector and how to integrate the industry into such a model should be 
elaborated in  future work.  

• The different main needs covered with water supply and disposal at domestic households 
could been better elaborated and differentiated as there is also different value attached to the 
different needs and this could add an additional aspect for the search for improvement 
options in the whole system.  

• "The best economic indicator, which satisfies the conditions laid down for the identification 
of the financial relationships between two or more participants, as is the case in the urban 
water systems, is a so-called total value added (TVA)." This statement should be discussed 
in relation to the made adjustments in the applied concept and final eco-efficiency analysis. 

Chapter 4: Analysis and processing of input data for testing of the methodology 
After a detailed description of the different sub-systems the data collection and processing are 
done for the key relevant input parameter. The data are presented very detailed and advanced 
statistics and models are applied to generate the required input parameters for the model. This 
chapter shows a deep technical understanding of the whole system and its key driving 
parameters by the applicant and he shows an engineering approach to data short-comings and 
challenges of implementation. 

Critical remarks to Chapter 4 

• The very comprehensive data presentation and manipulation can be overwhelming in some 
parts to readers not fully familiar with the topic and the red line and purpose of some data 
manipulation might become blurred. A separation of key results and supporting data in an 
appendix might be considered in the future. 

Chapter 5: Eco-efficiency assessment of the test system 
For a case study area in Sofia the concept has been tested extensively with 5 concrete 
improvement scenarios elaborated in comprehensive details. This has been done accurately and 
with plausible results presented in many elaborate graphs and figures that could be presented to 
decision makers. 
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Critical remarks to Chapter 5 

• "Sewerage network is responsible for over 60% of environmental impact in the category of 
"eutrophication" (apparent from figure in subparagraph (d));" As this is not the source of 
the eutrophication as it is built to transport the pollution only this seems an allocation and 
model issue and needs careful interpretation, but raises important questions. 

• "Evaluation of eco-efficiency is a powerful tool that gives information about two of the 
components of sustainable development - environment and economy. In this way it assists 
the decisions makers on the way to the sustainable management of the system." Problem of 
many different decision makers and costs and benefit sharing could be addressed in more 
detail to discuss the implementation aspects of the presented model.   

 

Chapter 6: Conclusion and Contributions  
The main conclusions and contributions are properly listed but could be extended by a detailed 

discussion and framing for future applications and steps forward and potential future work on 

the framework.  

5. GENERAL COMMENTS ON DISSERTATION 
By the presented doctoral dissertation the applicant demonstrates his competence in 
methodically addressing an issue and he reveals detailed technical knowledge when addressing 
eco-efficiency in the water sector. In this regard it can be stated that the educational role of the 
PhD is fulfilled and achieved the necessary high level. 
The complexity of the presented challenge however exceeds the capabilities of modern 
approaches and to achieve optimal decisions is often impossible. The results of the dissertation 
are nevertheless a valuable contribution to the practical application of appropriately selected 
methods and research tools, rationalized and adapted to meet the current and future demands in 
water management decision support.  
The scientific work is a laborious process connected not only with the ability to establish 
scientific beneficial results, but also with the requirement for their adequate representation and 
critical reflection. The second and third part of this process often are underestimated by young 
scientists, mainly due to the only focus on creating convincing scientific results forgetting the 
selling and properly reflecting part with an outside view.  
A few general remark that might be of help for future endeavors: 

• Chapters should always start with a short introduction that states clearly what is to expect in 
the chapter and describe the structure that follows from this. 

• Titles of chapters, sections, subsections, tables, figures and graphics are important in 
guiding the reader and should be as precise and specific as possible. Especially descriptions 
of figures need to be self-standing as they are often presented out of the context. 

• Units are crucial to be able to validate results and show coherence of the applied methods 
and only significant numbers should be presented. In this respect the work could be 
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improved in certain parts and significant numbers and units should be applied more 
rigorously throughout the work and may be units introduced in a summary table to check 
for consistency. 

The above findings are common for thesis and mainly of remarks character. They should not be 
perceived as rigorous criticism, but help to addressed future work and publications. The 
presented work reflects a serious effort on the fundamental decision support and key 
performance indicators for future system management in the water sector combined with users 
of these services.  
 

6. CONTRIBUTIONS THESIS 
The contributions of this thesis are scientific with a strong focus on applicability in practice and 
consist mainly of the following: 

 
• Eco-efficiency (EE) approach is feasible and beneficial for whole system optimisation, 

especially for asymmetric cost-benefit situations. The difficulties have clearly been 
addressed and pragmatic solutions to overcome often faced lack of relevant data have been 
presented and been applied in an extended case study. 

 Nominator I of EE equation - Economic benefit: Economic benefits can be difficult to 
estimate, but are important to guarantee long-term economic sustainability of the whole 
system. More work on how to cover this should be done as a releative approach has been 
applied based on the assumption that the needs are covered in all systems to create the same 
value. This might often be the case, but might be interesting to elaborate more on. 

 Nominator II of EE equation - Costs: To derive accurate costs is in general transparent for 
public, but more difficult for private institutions. However the full costs should in general be 
taken into considerations as capital investment costs are an important part of the costs, 
especially in infrastructure rich sectors like the water sector. 

 Denominator - Environmental impacts: The proposed method applied proven concepts: i.e. 
Life Cycle Assessment (LCA) that is clearly currently the state of the art method to account 
for environmental impacts on indicator level. On the aggregation additional established 
LCA aggregation methods could also be considered.  

 To find the target decision maker for eco-efficiency and the interpretation of generated 
results may be sometimes challenging. The results are convincing, but on how to address 
implementation and benefits and costs allocation challenges the future application in 
practice will show. 

 Shared services (e.g. water and waste water utilities) could become champions to facilitate 
system (eco-efficiency) optimisation, e.g. drive optimisation in households or industrial 
symbiosis programs. Additional benefit sharing concepts based on the presented model and 
adjusted to decision makers could be follow up work.  
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7. FINAL CONCLUSION 
The presented PhD thesis reveals that the author has in-depth theoretical knowledge to apply 
the concept of eco-efficiency to support comprehensive decisions in management of technical 
water systems extended to the users' systems. The author clearly proves his ability for 
independent research and he has clearly mastered the application of theory and concepts into 
practice and technology and the required data management and software to create convincing 
results and discuss them plausibly. 
This allows me to state that the presented thesis clearly exceeds the requirements of Art. 27 
PPZRAS and therefore I confidently support the formation of a proposal by the scientific jury to 
award ace. Eng. PEYO STEFANOV STANCHEV the scientific and educational level of 
"DOCTOR" on the professional field 5.7 "Architecture, Construction and Geodesy" scientific 
specialty "Water supply and sanitation." 
 
 
Muttenz (Switzerland), 05.06.2016  
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