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1) Subject and Significance 

The submitted doctoral Thesis proposes a methodology that has been developed to minimise 

energy and material consumption and reduce waste discharge by combining Circular Economy 

(CE) and Process Integration This aproach is contributing to achieving Environmental and 

Social sustainability. The topicality of this issue is undoubted and the current development of 

energy prices of some raw materials and construction materials significantly increases the need 

to address this issue as a priority. The work corresponds to the requirements of TU Brno and 

the Sustainable Process Integration Laboratory – SPIL, in the frame of it, the Thesis has been 

conducted. 

 

2) Scientific Content and the objectives 

The author correctly formulated the objectives of his Thesis in the introductory section. After 

reading the Thesis I can state, that all aims have been fulfilled. Four methods based on the 

concept of circular integration, an extension of Pinch Analysis (PA) and Onion Model are 

proposed. The applicability of these methods is demonstrated through four case studies, which 

have shown the minimization of material and energy consumption as well as the reduction of 

waste discharge. I believe that the tools used to solve the problem were appropriately and 

effectively chosen. 

The author lists the following main contributions of her work:  

i) A study of the performance and integration of heat pumps with different industrial processes 

for low level heat recovery by pinch analysis. 

(ii) A method combining PA and waste recovery technology. The multilevel pinch analyses of 

primary sources are extended to the level of recovery of all material sources, i.e. including 

materials generated from waste materials. 

(iii) Hierarchical optimization method combining Onion Model and pinch analyses method to 

integrate both energy and mass.  

(iv) Design of a concept map and model for the integration of multiple resources by tracing the 

processing pathways of secondary raw materials to useful products.  

 

3) Substantial Aspects 

The author presents new scientific knowledge in a comprehensive form, but I miss the 

comparison of this knowledge with industrial data and experience, as well as with the results 
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achieved by current scientific research. As an example of this claim, the results presented in the 

chapter on heat pumps can be cited. The efficiency of coal-fired power plants generating 

electricity for heat pumps is about 0.33, so the COP of heat pumps must be higher than about 3 

for the use of heat pumps to make sense (compare with Table 3 on page 46). Aren't 

unrealistically high HP-hot values a consequence of low COP values? 

However, the overall contributions of the thesis are indisputable, I am only trying to point out 

that some partial conclusions should be examined in detail from a practical point of view and 

revised. 

Impressive is the list of publications of accomplished tasks of the doctoral thesis in national and 

mainly international scientific media and archive journals. The list comprises 5 publications 

with Impact Factor, 5 publications with CiteScore and 9 conference presentations. 

 

4) Structure, Presentation and Language 

I like the structure of the Thesis and the general way it is handled. There is an appropriate and 

complete presentation of the essential content. The author presents the results in a generally 

comprehensible form. Tables and images are shown acceptably.  

The thesis illustrates the proposed methodologies by applying them to specific technical case 

studies. Therefore, I greatly appreciated the inclusion of a list of symbols and a list of 

abbreviations. 

However, the list of symbols should be complete and properly executed, which is not the case. 

Some of the precision should be explained during the defense. These are mainly the symbols 

for energy, enthalpy and exergy given with the unit kW.  CP -specific heat capacity (erroneously 

included in the list of abbreviations) and moreover given in units of kW/°C (see Table 2, page 

46) is not then specific heat at constant pressure. The main units should be given in the SI 

system, etc. First two pages are not consistent. Any inaccuracies associated with nomenclature 

should be brought to the correct level by including the errata in all publicly available printouts 

and electronic files.  

 

5) Overall Assessment 

In conclusion, Ms. Limei Gai, MEng. has demonstrated the ability to solve complex scientific 

problems and has presented valuable results in her doctoral thesis. I have no major reservations 

about the scientific content and I am inclined to support the award of the PhD to the candidate, 

provided that all formal errors are corrected by erratum and satisfactorily explained during the 

defense.  I recommend the committee to accept this thesis and I strongly believe that after a 

successful defense, Ms. Limei Gai, MEng. will be awarded the Ph.D. degree. 

 

Prague, October 8, 2021 
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