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Contact: +919749169031, +918942806005 
shreyab.arp@iitkgp.ac.in , shreyabanerjeeiitkgp@gmail.com 

 

RESEARCH OBJECTIVE  ----------------------------------------------------------------------------------------------------------------------------- --- 

Research Statement  My research interest includes the application of statistical and computational techniques to solve 
challenges pertaining to Sustainable Built Environment, Urban Planning and Development with 
an emphasis on energy studies, microclimate & thermal comfort and resilient community. My 
teaching interests include Green Building & Energy Efficiency, Urban Climate, Applied Statistics, 
Environmental Management, Affordable Housing & Informal Settlements. 

 

EDUCATIONAL QUALIFICATIONS  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 

Doctor of Philosophy (Ph.D.)   The domain of Ph.D. is to explore impact of socio-economic activity on outdoor microclimate, 
thermal comfort and human biometeorology in neighborhoods with informal sector micro-
enterprises. I seek to understand the cases of Tropical Hot and Humid Climate especially in 
megacities of Kolkata and Mumbai.  

Major course works: Applied Multivariate Statistical Modeling, Environmental Management, 
Decision Modeling (Operation Research) 

Department of Architecture and 
Regional Planning, Indian Institute of 

Technology Kharagpur, India 

 

July 2017- July 2020 (expected) 

Course Work GPA- 8.4/10 

 

   

Master of City Planning (MCP)  Major project: MCP dissertation on “An Investigation upon Urban Heat Island (UHI) in Various 
Housing Cluster Layouts for Residential Neighbourhoods – A Case Study of Kolkata” 

- Scope of work included criteria selection, field measurements of micro climatic 
parameters, Computational Fluid Dynamics (CFD) software simulation, validation and 
formulating recommendation for UHI mitigation. Recommendations were implemented in 
worst performing case and a 1.27oC peak temperature reduction was observed 

Major course works: Housing & Community Planning, Planning Theory & Process, Quantitative 
Methods in Planning, Dynamics of Settlements Systems, Transportation Planning, Development 
Management & Finance, Utilities & Services Planning, Landscape & Recreational Planning 

Department of Architecture and 
Regional Planning, Indian Institute of 

Technology Kharagpur, India 

 

July 2014- May 2016 

CGPA- 8.91/10 

 

   

Bachelor of Architecture (B.Arch)  Major course works: History of Architecture, Contemporary Architecture, Human Settlements, 
Architectural Design, Working Drawing, Estimation & Valuation, Vernacular Architecture, Urban 
Design, Conservation, Climatology, Energy Efficient Architecture, Materials & Methods of 
Constructions, Landscape Architecture 

Major skills: Architectural Design, Interior Designing, Building Detailing, Presentation 
Preparation and Client Dealing   

 

Department of Architecture, Town 
and Regional Planning, Indian 

Institute of Engineering, Science and 
Technology, Shibpur, India 

July 2009- May 2014 

Grade- 74.95% with First Class 

 

AWARDS/ACHIEVEMENTS  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 

  1. Serving as a reviewer of Sustainable Cities and Society, Elsevier since December 2019 
and Building and Environment, Elsevier since April 2020 

2. Awarded Building Energy Efficiency Higher and Advanced Network (BHAVAN) fellowship 
by Indo-US Science and Technology Forum (IUSSTF), US Department of State and 
Department of Science and Technology (DST), Govt. of India to pursue 3 months doctoral 
internship at Arizona State University during Fall 2019 as a visiting research collaborator 

3. Awarded full travel grant as part of IIT Kharagpur’s Best International Conference Full 
Financial Assistantship for attending 49th Annual Meeting of the Urban Affairs Association 
(UAA), Los Angeles, USA 

4. Awarded 2nd Place in Best student Poster (PG) Category in International Symposium on 
Livable Habitat and Sustainable Urban Agenda, Kolkata during 27th-28th January 2016 

5. Secured 10/10 GPA in 3rd Semester of MCP 

6. Secured All India Rank (AIR) 73 in Architecture & Planning in GATE 2014 

7. Ranked within top 20 out of 700000 students appeared in 10th Grade Board Examination 
(Madhyamik Pariksha) of West Bengal in 2007 

   

AFFILIATIONS  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 

  Council of Architecture, Government. Of India, License Number CA/2015/66731, Issued on 
January 2015 
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WORK EXPERIENCES  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 

Visiting Research Collaborator 

Urban Climate Research Centre 
Arizona State University, Tempe 

Arizona, United States 
September 2019- November 2019 

 Worked as a visiting research collaborator in SHaDe lab with Dr. Ariane Middel of School of Arts, 
Media and Engineering (AME) on outdoor thermal comfort and microclimatic modelling for 
tropical cities of Mumbai and Kolkata and desert cities such as Phoenix, Arizona. Objective is to 
explore sustainable heatscape from a three-dimensional approach- sensible heat through bio-
meteorological instruments, perceivable heat through human experience and modelled 
heat through CFD simulations 

- Outdoor thermal comfort field survey and statistical modelling 

- Hands on experience of using biometeorology observational platform MaRTy as part of a 
project titled “Extreme Heat and Public Health Forum” funded by City of Tempe, AZ 

- Microclimatic modelling of different neighborhoods in ENVImet 4.4 platform 

   

Teaching Assistant 

Department of Architecture and 
Regional Planning, Indian Institute of 

Technology Kharagpur, India 

2017- ongoing, 2015-16 

 1. Taught and assisted courses at undergrad and grad level in “Housing and Community 
Planning”, “Urban Planning Seminar”, “Planning Legislation”, “Architectural Thesis” and 
“Visual Arts”, responsibilities include delivering lectures, preparing course content, 
tutorials, internal assessment and evaluation 

2. Teaching Assistant for a collaborative program between Department of Geography and 
Regional Planning, Indiana University of Pennsylvania, US and Department of 
Architecture and Regional Planning, IIT Kharagpur for 2018-19 session 

   

Research Analyst, National 
Operations- Research  

 Led Research team in Hyderabad, was responsible for all research deliverables of the city and 
coordinate surveyor’s work, conducted real estate market research and trend analysis, 
developed quarterly, half-yearly, annual research reports for the city, contributed to document 
writing for different topical white papers on real estate, infrastructure trends and major 
government policies, collaborated with central research team for client deliverables, prepare 
presentations, provided research and data support to consulting, valuation and brokerage team 

CBRE South Asia Private Limited 
Hyderabad, India 

 

August 2016 – May 2017  

   

Graduate Research Assistant   1. Worked in a project "Modelling cost benefits of energy efficient interventions for affordable 
mass housing in warm-humid climate”, scope of the work included research, literature 
review on indoor outdoor thermal coupling, planning proposal with the help of statistical 
analysis, hypothesis testing and CFD software simulation, Life Cycle Assessment, also 
contributed to all annual reports and presentations, under the guidance of Professor 
Subrata Chattopadhyay, sponsored by HUDCO 

2. Worked in a project "Customizing Mass Housing-Adaptive & Flexible Grammar for 
Tropical Wet and Dry Climatic Zones of West Bengal and Odisha" during December 2017, 
responsibilities included building energy simulation and performance analysis of different 
building materials, under the guidance of Professor Subrata Chattopadhyay, Dr. Haimanti 
Banerji & Dr. Shankha Pratim Bhattacharya, sponsored by HUDCO 

Sponsored Research and Industrial 
Consultancy (SRIC), Indian Institute 

of Technology Kharagpur, India 

 

December 2017, February 2015 – 
May 2016 

 

   

PUBLICATIONS  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 

Journals  1. Banerjee, S., Middel, A. and Chattopadhyay, S. ‘Outdoor thermal comfort in various 
microentrepreneurial settings in hot humid tropical Kolkata: Human biometeorological 
assessment of objective and subjective parameters’, Science of the Total Environment, 
2020 (Impact Factor 5.589), DoI: 10.1016/j.scitotenv.2020.137741 

2. Chattopadhyay, S., Banerjee, S. and Sen, R. ‘Mapping Low-carbon Precincts in 
Residential Neighbourhoods: A comparative case study of the traditional and the modern 
types’, GSTF Journal of Engineering and Technology, Volume 3 No. 4, 2016 

Conferences  1. Banerjee, S., Middel, A. and Chattopadhyay, S. (2020) ‘Bio-meteorological assessment of 
outdoor micro-entrepreneurial informal communities in extreme heat- A case of two 
tropical Indian megacities’, in European Geosciences Union General Assembly 2020. DoI: 
10.5194/egusphere-egu2020-1160 

2. Banerjee, S., and Chattopadhyay, S. ‘Improving Quality of Life (QoL) in Informal 
Settlements of South Asian Megacities- Why Adding Micro-Climatic Dimension with 
Socio-economic Sustainability is Important’, presented at the 49th Annual Meeting of the 
Urban Affairs Association (UAA), April 24-27, 2019, at Los Angeles, USA 

3. Banerjee, S., Sen, R. and Chattopadhyay, S. ‘A Comparative Study on the Effects of 
Urban Morphology on the Urban Heat Island Profile in Residential Neighbourhoods: A 
Case of Kolkata, India’, Proceedings of 32nd International Conference on Passive and 
Low Energy Architecture, Volume 2 (pp. 1188-1196), Los Angeles: ISBN: 978-0-692-
74961-6, 2016 
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SEMINARS/WORKSHOPS  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 

  1. Symposium on Hospital Planning and Beyond in January 2019 by Department of 
Architecture & Regional Planning, IIT Kharagpur at Kolkata (part of the host committee) 

2. Workshop on Urban Informatics and AI-driven Analytics in April 2018 by Department of 
Architecture & Regional Planning at IIT Kharagpur (part of the host committee) 

3. Seminar on Energy Efficiency in Housing and Implementation Framework of ECBC, New 
Delhi in February 2017 by MoHUPA and HUDCO 

4. International Symposium on Livable habitat and Sustainable Urban Agenda, Kolkata in 
January 2016 by IIT Kharagpur 

 
 

PERSONAL SKILLS  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 

Languages known  English, Hindi, Bengali 

Technical skills   MSOffice, AutoCAD, Sketchup, Adobe Photoshop, Adobe InDesign, ENVImet, ArcGIS, SPSS, R 
Statistical Package  

Extracurricular skills  Writing, Photography, Travelling, Sketching, Elocution and Dramatics 

Soft skills   Time management, Quick decision making, Prioritizing things, Verbal and written communication 

Organizational skills  

 

 Leadership ability, Team management 

- Departmental Research Scholar’s Representative at institute level during 2018-19, 
responsibilities include taking care of academic, co-curricular, logistics and maintenance 
related issues of 40+ PhD scholars of Department of Architecture & Regional Planning 

- Was General Secretary Social and Cultural and a Hall Council Member in SAM Hall of 
Residence, IIT Kharagpur during 2015-16, led and coordinated a team of more than 150 
boarders towards successful execution of different social and cultural events like 
Illumination, Hall Day etc, managing an annual budget of INR 90000 

 

ADDITIONAL INFORMATION  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 

References  Dr. Subrata Chattopadhyay  

Avinash Gupta Chair Professor  

Department of Architecture & Regional 
Planning 

Dean of Alumni Affairs  

IIT Kharagpur, India  

Contact: schat@arp.iitkgp.ac.in  

Dr. Ariane Middel 

Assistant Professor 

School of Arts, Media and Engineering (AME) 

Senior Sustainability Scientist 

Julie Ann Wrigley Global Institute of Sustainability 

Arizona State University, Phoenix, AZ, United States 

Contact: ariane.middel@asu.edu 

 

  Dr. Haimanti Banerji 

Associate Professor 

Department of Architecture & Regional 
Planning 

IIT Kharagpur, India  

Contact: haimati@arp.iitkgp.ac.in 
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  Extreme heat and associated health risks are increasingly becoming threats to urban populations,

especially in developing countries of the tropics. Although human thermal exposure in cities has

been studied across the globe, biometeorological conditions in mixed-used spaces, informal

economic activity settings, and informal settlements have received little attention. We present a

comparative analysis of outdoor thermal comfort for informal micro-entrepreneurial communities

in Kolkata and Mumbai. Both cities belong to the Aw Köppen Climate Classification, which signifies

tropical hot and dry or Savannah climate. Due to excessive humidity, uncomfortable thermal

conditions persist year-round in both cities.

An extensive thermal comfort perception survey was conducted between November 2018 and

August 2019 in three similar neighborhoods in each city with over 650 valid samples. The

microentrepreneurial locations included two pottery markets (Kumbhadwada in Mumbai,

Kumartuli in Kolkata); two flower markets that are linear stretches of informal activity areas along

very important transportation networks (Dadar in Mumbai, Mallickghat in Kolkata); a book selling

and book binding market (Boipara in Kolkata); and an informal commercial area with apparel

shops (Fashion Street in Mumbai).

Results show that outdoor thermal comfort varied by city, micro-enterprise, and season. Overall,

Kolkata respondents reported warmer sensations compared to Mumbai respondents. During the

winter, neutral Physiologically Equivalent Temperature (PET) was 27.50

o

C in Kolkata and 23.75

o

C in

Mumbai. Annual neutral PET was 22.7°C and 26.5°C in Mallickghat and Boipara, respectively.

Respondents in Boipara were more sensitive towards warmer sensation than in Mallickghat. Even

during the winter, people reported warmer sensation votes. PET was a better predictor of the

mean Thermal Sensation Vote (mTSV) compared to air temperature. In Mumbai, we report higher

neutral PET for activities at the clothing market compared to other microentrepreneurial activities.

Acclimatization significantly improved comfort in the summer, while evaporative cooling was

beneficial in the winter. We further employed an ANCOVA to analyze the impact of various non-

climatic variables on thermal comfort. Results reveal that behavioral and physiological attributes

(presence in the location, expectation, beverage intake) impact the overall sensation in both cities.



Availability of shading was a significant parameter in Kolkata, while shading had a negligible effect

on outdoor thermal sensation in Mumbai neighborhoods.

This is the first study to assess outdoor thermal comfort conditions and perceptions of

populations involved in various outdoor informal economic activities in India. Findings of this

study help understand the heat health risks of informal communities and inform the design and

revitalization of such spaces to improve thermal comfort.
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��7KH�$XWKRU�V��������7KLV�DUWLFOH�LV�SXEOLVKHG�ZLWK�RSHQ�DFFHVV�E\�WKH�*67)

0DSSLQJ�/RZ�FDUERQ 3UHFLQFWV LQ�5HVLGHQWLDO�
1HLJKERXUKRRGV�$�FRPSDUDWLYH�FDVH�VWXG\�RI�WKH�

WUDGLWLRQDO�DQG WKH�PRGHUQ W\SHV
6XEUDWD�&KDWWRSDGK\D\��6KUH\D�%DQHUMHH��5RVKPL�6HQ

$EVWUDFW²8UEDQL]DWLRQ� LQ� WKH� ODVW� FHQWXU\� KDV� FUHDWHG� PDQ\�
VHULRXV� SUREOHPV LQFOXGLQJ� LQFUHDVHG� FDUERQ� IRRWSULQW� LQ� FLWLHV�
OHDGLQJ�WR�JOREDO�ZDUPLQJ�DQG�FOLPDWH�FKDQJH��,QGLD�EHLQJ�RQH�RI�
WKH� IDVWHVW� JURZLQJ� GHYHORSLQJ� FRXQWULHV� ZLWK� UDSLG� HFRQRPLF�
GHYHORSPHQW�DQG�LQGXVWULDOL]DWLRQ��WKH�FDUERQ�IRRWSULQW�RI�,QGLDQ�
FLWLHV� LV� H[SHFWHG� WR� LQFUHDVH� ZLWK� PXFK� KLJKHU� FRQVXPSWLRQ�
SDWWHUQV� LQ� WKH� IROORZLQJ� GHFDGHV�� 'HYHORSLQJ� D� ORZ� FDUERQ�
SUHFLQFW� LQ� ,QGLD� LV� KRZHYHU� D� FRPSDUDWLYHO\� QHZ� JHQUH� RI�
VXVWDLQDEOH� GHYHORSPHQW�� $V� WKH� GHEDWH� LV� VWLOO� RQ� DERXW� WKH�
FKDQFHV�DQG�FRQVHTXHQFHV�RI�ORZ�FDUERQ�SUHFLQFW�LQ�WKH�FRXQWU\��
JUHHQ�EXLOGLQJV�DUH�ZLGHO\�DFFHSWHG�DV�WKH�XSFRPLQJ�VROXWLRQ�RI�
ORZ�FDUERQ�IRRWSULQW� 7KLV�SDSHU�RXWOLQHV�WKH�LGHD�RI�ORZ�FDUERQ�
SUHFLQFW�� LWV� UHOHYDQFH�� DQG� UHYLHZV� LWV� FRPSRQHQWV� DQG� YDULRXV�
WRROV� DQG� WHFKQLTXHV� WKDW� FDQ� EH� DGRSWHG� IRU� PDSSLQJ� DQG�
DVVHVVLQJ� ORZ� FDUERQ� SUHFLQFWV�� 7KH� JLYHQ� SDSHU� FRQFOXGHV� E\�
PDNLQJ� D� FRPSDUDWLYH� DQDO\VLV� RI� WZR� GLIIHUHQW� QHLJKERUKRRG
FOXVWHULQJ� SDWWHUQV�� RQH� WUDGLWLRQDO� DQG� RUJDQLF� DQG� WKH� RWKHU�
SODQQHG� OD\RXW� LQ� WKH� ,QGLDQ� PHWURSROLWDQ� FLW\� RI� .RONDWD�
UHSUHVHQWLQJ� ZDUP� KXPLG� FOLPDWH E\� VLPXODWLQJ WKHLU RXWGRRU�
WHPSHUDWXUHV LQ� WKH� RXWGRRU� WKHUPDO� VLPXODWLRQ� DQG� HQHUJ\�
PDSSLQJ� VRIWZDUH (19,�PHW�� 7KH� FRPSDUDWLYH� VWXG\� FRQFOXGHV�
WKH�WUDGLWLRQDO��RUJDQLFDOO\�JURZQ�QHLJKERUKRRGV WR�KDYH KLJKHU�
RXWGRRU� WHPSHUDWXUHV�DQG�KHQFH�FRQWULEXWLQJ�PRUH� WRZDUGV WKH�
XUEDQ� KHDW� LVODQG� HIIHFW� DV� FRPSDUHG� WR� WKH� SODQQHG�
QHLJKERUKRRG OD\RXW LQ�WKH�JLYHQ�FLW\¶V�FRQWH[W�

.H\ZRUGV� XUEDQ�PRUSKRORJ\��ORZ�FDUERQ�SUHFLQW��SHUIRUPDQFH
LQGLFDWRUV�� XUEDQ� KHDW� LVODQG� QHLJKERXUKRRG� FOXVWHULQJ� SDWWHUQ��
WUDGLWLRQDO�YV�PRGHUQ
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7KH�HFRORJLFDO�IRRWSULQWV�RI�LQGXVWULDOL]HG�QDWLRQV�ZDV�ILUVW�
SXEOLFO\� TXHVWLRQHG� LQ� WKH� IDPRXV� UHSRUW� ³/LPLWV� WR�*URZWK´�
SXEOLVKHG� LQ� ����� E\� WKH� QHZO\� IRXQGHG� LQWHUQDWLRQDO WKLQN�
WDQN��WKH &OXE�RI�5RPH�ZKLFK�IRU�WKH�ILUVW�WLPH SXW�IRUZDUG�WKH�
LGHD� RI� HFRQRPLF� GHYHORSPHQW� WR� EH� FROOHFWLYHO\� FRQVLGHUHG�
ZLWK�HQYLURQPHQWDO�VXVWDLQDELOLW\�DQG�HQYLURQPHQWDO�SURWHFWLRQ�
IURP� H[FHVVLYH� *UHHQKRXVH� *DV� �*+*�� HPLVVLRQV�� 7ZHQW\�
\HDUV�ODWHU��WKH�5LR�(DUWK�6XPPLW�LQ������GHILQHG�WKH�FRQFHSW�
RI�VXVWDLQDEOH�GHYHORSPHQW�DV�RQH� WKDW�PXVW�EH�IXOILOOHG�VR�DV�
WR� HTXLWDEO\�PHHW� GHYHORSPHQWDO� DQG� HQYLURQPHQWDO QHHGV� RI�
WKH�SUHVHQW�DQG�IXWXUH�JHQHUDWLRQV��7KH�.\RWR�3URWRFRO�LQ������
ZDV� WKH� ILUVW� VWHS� WRZDUGV� JOREDO� HPLVVLRQ� UHGXFWLRQ� UHJLPH��
KDYLQJ� VHW� WDUJHW� RI� OLPLWLQJ� FDUERQ� GLR[LGH� HPLVVLRQV� LQ�
GHYHORSHG� QDWLRQV�� :KLOH� WKHVH� SUHYLRXV� FRQIHUHQFHV� DQG�
SURWRFROV�IRFXVHG�RQ�HPLVVLRQ�UHGXFWLRQ�LQ�GHYHORSHG�QDWLRQV��
WKH� 5LR� ���� 6XPPLW� LQ� ����� >�@�� WZHQW\� \HDUV� DIWHU� WKH�
ODQGPDUN� 5LR� (DUWK� 6XPPLW�� VWUHVVHG� RQ� WKH HFRQRPLF� DQG�
HQYLURQPHQWDO�JRDOV�RI� WKH�JOREDO�FRPPXQLW\�DORQJ�ZLWK�QHZ�

VXVWDLQDEOH� GHYHORSPHQW� JRDOV� IRU� WKH� GHYHORSLQJ� HFRQRPLHV
ZLWK�UDSLGO\�LQFUHDVLQJ�HQHUJ\ FRQVXPSWLRQ�SDWWHUQV�

&OLPDWH� FKDQJH LV� D VLJQLILFDQW� SKHQRPHQRQ� DWWULEXWHG�
PDLQO\�E\�KXPDQ� DFWLYLWLHV�RI�*+*�HPLVVLRQV� >�@>�@��2QH�RI�
WKH� PDMRU IDFWRUV� FRQWULEXWLQJ� WR� FOLPDWH� FKDQJH� UHODWHG� WR�
KXPDQ DFWLYLWLHV� LV� XUEDQ� PRUSKRORJ\ GHILQHG� DV� SDWWHUQV� RI�
XUEDQ� VWUXFWXUH� EDVHG� RQ� WKH� ZD\� DFWLYLWLHV� DUH� RUGHUHG� ZLWK�
UHVSHFW� WR� WKHLU� ORFDWLRQV� >�@� +XPDQ� VHWWOHPHQWV DUH LQ� WKH�
SURFHVV� RI� IRUPDWLRQ�� JURZWK DQG� FRQWLQXRXV� WUDQVIRUPDWLRQV��
+HQFH�XUEDQ�PRUSKRORJ\�LV�D�FRPSOH[�V\VWHP�DWWULEXWHG�E\�WKH�
G\QDPLFV�RI�FKDQJH�LQ QXPHURXV�IDFWRUV�VXFK�DV ODQG�XVH DQG�
KRXVHKROG�FOXVWHULQJ�SDWWHUQ��SRSXODWLRQ�GHQVLW\��WUDQVSRUWDWLRQ�
QHWZRUNV��VRFLDO�DQG�LQIUDVWUXFWXUDO�DPHQLWLHV� LQ QHLJKERUKRRG
OLPLWV RU� SUHFLQFWV�� DGGLQJ� XS WR� WKH� FLW\� OLPLWV�� $� SUHFLQFW��
ZKLFK UHIHUV�WR�D�UHJLRQ�LPPHGLDWHO\�VXUURXQGLQJ�D�VSDFH�RU�D�
SODFH� WKHUHE\ GHILQLQJ� DQ� HQFORVLQJ� ERXQGDU\� RU� OLPLW�� FDQ�
WKHUHIRUH� EH� D� FULWLFDO� IRFXV� IRU� ORZ� FDUERQ� WDUJHWV� RI� D�
SDUWLFXODU�FLW\��DOVR�VLQFH WKLV�LV�WKH�VFDOH�DW�ZKLFK�XUEDQ�GHVLJQ�
LQQRYDWLRQV��XUEDQ�WHFKQRORJ\�LQQRYDWLRQ�DQG�EHKDYLRU�FKDQJH�
FDQ� MRLQWO\� RFFXU� >�@� $� ORZ� FDUERQ� SUHFLQFW� LV� RQH� ZKLFK�
SURYLGHV� D� KHDOWK\ DQG IXQFWLRQDO� HQYLURQPHQW� ZLWK� ORZHU�
HQHUJ\� GHPDQG� DQG� ORZHU FDUERQ� IRRWSULQWV IURP� KXPDQ�
DFWLYLWLHV�

7KH�JLYHQ�SDSHU�GLVFXVVHV WKH�YDULRXV�ZD\V�RI�DFKLHYLQJ�D�
ORZ� FDUERQ� SUHFLQFW�� LWV� NH\� SHUIRUPDQFH� LQGLFDWRUV� DQG�
FRQFOXGHV ZLWK� D� FRPSDUDWLYH� VWXG\ RI� XUEDQ� PLFURFOLPDWLF�
VLWXDWLRQ� IRXQG� LQ� D� WUDGLWLRQDO RU� RUJDQLFDOO\� GHYHORSHG
QHLJKERUKRRG DJDLQVW D� PRGHUQ RU� SODQQHG KRXVLQJ GHOLYHU\�
VFKHPH�LQ�WKH�PHWURSROLWDQ�FLW\�RI�.RONDWD�
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7KUHH�SULQFLSDO�FDWHJRULHV�RI�FKDQJH�KDYH�EHHQ�LGHQWLILHG�LQ�
WKH�SDVW >�@�KHOSLQJ� WR�DFKLHYH� ORZHU�HQHUJ\�QHLJKERUKRRGV �
WHFKQRORJLFDO�LQWHUYHQWLRQV��DGRSWLQJ�VXVWDLQDEOH�XUEDQ�GHVLJQ
DQG�SODQQLQJ VWUDWHJLHV DQG�KXPDQ�EHKDYLRUDO�FKDQJHV��7KHVH�
WKUHH� EURDG� FDWHJRULHV� RXWOLQH� LQ� FRPSUHKHQVLYH� PDQQHU� WKH�
SRVVLEOH� VWUDWHJLHV� WKDW� FDQ� EH� SUDFWLFHG� LQ� RUGHU� WR� DFKLHYH�
ORZ�FDUERQ�SUHFLQFWV�LQ�XUEDQ�QHLJKERUKRRGV LQ�WKH�FRQWH[W�RI�
ERWK�GHYHORSLQJ�DQG�GHYHORSHG�QDWLRQV��7KHVH�WKUHH�SULQFLSDO�
FDWHJRULHV� RI� FKDQJH� DUH� GLVFXVVHG� LQ� WKH� VXFFHHGLQJ�
SDUDJUDSKV ZLWK�KLJKOLJKWV�LQ�WKH�FRQWH[W�RI�,QGLDQ�VLWXDWLRQ�
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