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Definition of the term sustainability

• Different form of sustainability exist: Ecological/environmental sustainability, 

economic sustainability and social sustainability  in this presentation we 

focus more on the definition of “environmental sustainability”.

• One of the most common definitions of sustainable development: “meeting the 

resource and services needs of current and future generations without 

compromising the health of the ecosystems that provide them.” 

• “More specifically, environmental sustainability could be defined as a 

condition of balance, resilience, and interconnectedness that allows human 

society to satisfy its needs while neither exceeding the capacity of its 

supporting ecosystems to continue to regenerate the services necessary to 

meet those needs nor by our actions diminishing biological diversity.” 

Sustainability

J. Morelli, Journal of Environmental Sustainability, 1, 2011.



Fast decision-making vs. sustainable 
growth

• Fast strategic decision-making is necessary for effective optimization of processes, but 
also to remain competitive.

• “Multiple criteria decision-making (MCDM) models have grown as a part of operation 
research, combining mathematical and computational tools to provide a subjective 
evaluation of performance criteria by decision-makers.”

• “energy, environment, and sustainability were ranked as the areas that have the most 
frequently applied diverse decision-making techniques and approaches, based on multiple 
criteria assessment.”

• “Sustainability is a natural subject of MCDM, because, by itself, it includes three sub-sets 
of criteria: economics, environmental, and social aspects.”

E. K. Zavadskas, Economic Research-Ekonomska Istraživanja, 29:1, 857-887, 2016.



Important issues to
implement 
sustainability
strategies 

Energy

Value 
retention

CO2/NOx 
emission

Resource 
consumption 

e.g. detergents
Wastewater

Microplastics

Fuel 
consumption

• „Classic“ issues that were addressed by 
optimization strategies, like reducing 
the energy consumption, are coexisting
with trend topics like microplastics or 
CO2/NOx emission.

• The selection of sustainability issues as object of 
optimization can lead to contradictionary effects:

At low temperature and using low dosage of  
detergent, enhanced mechanics in combination 
with certain time period is necessary to achieve  

good washing results. 

 This cause more microplastics emission into the
environment



Benchmarking tools & novel trends

• Several tools exist to push strategic decisions in the conflict area between 

ecology, economy and social responsibility, for example:

 Multi-criteria decision methods using TOPSIS (Technique for Order 

Preference by Similarity to Ideal Solution) method/software

V. Balioti et al., Proceedings, 2, 637, 2018. 

 Gathering more data to define optimal sustainability strategies by using 

big data tools e.g. 

https://www.tableau.com/learn/articles/data-driven-decision-making, 2020. 

 Utilization of sophisticated benchmarking tools for the analysis of the 

sustainable growth of business performance 

Mechel, C. Ph.D. thesis, university Koblenz-Landau, 2016.



Sophisticated data evaluation methods

Example: Laundry industry Benchmarking tool 
improvements in efficiency, safety and quality through business performance evaluation for 
both single- and multi-location laundries

Mechel, C. Ph.D. thesis, university Koblenz-Landau, 2016.



Challenge: 
Structural 
heterogeneity
(German laundries)

Betriebe haben es schwieriger /

schwierigere Aufgabe

Betriebe haben es leichter / 

leichtere Aufgabe

Kriterien zur Unterscheidung 

gewerblicher Wäschereien

Großindustrielle Wäscherei 

(40 Tonnen/Tag)

Kleine Wäscherei 

(4 Tonnen/Tag)

Maschinenausstattung (MA) starker Anteil an Waschstraßen starker Anteil an Waschschleudermaschinen

Kundenmix (KM) vermehrt Hotel & Krankenhaus vermehrt Berufsbekleidung & Altenheim

Wäscheart (WA) hauptsächlich Flachwäsche Flach-, Trocken- & Formwäsche

Verschmutzungsart (VA) hauptsächlich normal verschmutzt normal / stark verschmutzt & Sonderwäsche

• No operation is 
directly comparable 
to another operation

• No operation can be 
compared with the 
industrial average

large-scale commercial laundry

High share of tunnel washer and 
automation

Higher share of food processing and 
healthcare sectors

Heavily soiled

small to medium-scale commercial 
laundry

Only washing extractors

Higher share of hospitality industry

Normally soiled

Task A Task B

Energy
efficiency

without weighting

Transport 
efficiency

Water 
efficiency

Chemistry 
efficiency

Energy 
efficiency

Water 
efficiency

Chemistry 
efficiency

Transport 
efficiency

NOT COMPARABLE



Hot spot analysis as a result of the overall 
assessment

Evaluation criteria

CE 

Chemical

efficiency

PQ

Processing quality 

(Cotton monitor with 
regard to RAL 992)

WE

Water
efficiency

EE

Energy 
efficiency: 

heating energy 
and electricity

TE 

Transport

efficiency

Good Excellent

Great 
potential for 
optimization Very good Very good



Special focus on the wastewater 
treatment/recycling

• Several “hot sustainability topics” deal with a treatment of the wastewater: 

 emission of microplastics 
J. Haap et al., Water, 11(10), 2088, 2019

 emission of antibiotics and antibiotic-resistant bacteria into the

hydrological cycle
K. Kümmerer et al., Clinical Microbiology and Infection, 9, 12, 2003.

 emission of heavy metals by treating workwear
J.K. Braga et al., American Journal of Analytical Chemistry, 5, 2014. 

• Several publication also focus on recycling of wastewater and its reuse in 
commercial washing processes
J. Hoinkis et al., Chemical Engineering and Processing: Process Intensification, 47, 7,

1159- 1164, 2008.



Example: Closed-loop washing processes

Kogut, I., POLISH - GERMAN 
SUSTAINABILITY RESEARCH 

(“STAIR”): 
acronym “REWARD” 

(02WU1391), 2019



Wastewater recycling 

• Several quality assurance concepts (e.g. RAL-GZ 992) and recommendations for 
commercial laundries define certain washing conditions, among others the amount 
of added laundry detergents. We investigate water recycling in field experiments 
and could clearly show that the laundry formulation changes during the filtration 
process. Especially, both anionic and nonionic surfactants are rejected due to their 
ability to form micelles and adhere to interfaces (see Figures on the right). 

Field experiment in a hospital laundry

Kogut, I., POLISH - GERMAN 
SUSTAINABILITY RESEARCH (“STAIR”): 
acronym “REWARD” (02WU1391), 2019



Conclusions: 
Wastewater recycling & 
treatment

• Wastewater recycling and treatment plants have an estimated amortization 
time of 7 years (based on data from several hospital laundries); this value 
varies strongly in dependency of process (e.g. shift operations)

• Toxic effluents (e.g. cancerogenic heavy metals) should be treated and the 
retentate should be disposed; recycling of heavy metals and other toxic 
compounds would lead to enrichment in the process

• The washing formulation (i.e. mainly surfactant fraction) changes by 
application of filtration process; thus, a process analytical monitoring (e.g. 
via sensor systems and AI) of the closed loop washing process is necessary 
to prevent detrimental effects for washing performance.
Kogut, I., POLISH - GERMAN SUSTAINABILITY RESEARCH (“STAIR”): acronym

“REWARD” (02WU1391), 2019.



Critical view on the applied sustainability 
strategies

• Complex supply chain and life cycle analysis need modern tools 

 big data analysis tools and artificial intelligence

But this can also lead to unintended and adverse effects:

An example from food industry: “big data in concentrated global supply 

chains may lead to a loss of consumer options, the hallmark of thriving 

markets. This is especially true in the case of products with 

environmental sustainability attributes, since most consumers are less 

willing to incur the private risks associated with foodborne illnesses 

than they are the less certain risks associated with long-term 

environmental degradation. “

M. C. Ahearn et al., International Food and Agribusiness Management Review 
Special Issue - Volume 19 Issue A, 2016.

Gabriel, J. M. O., & Ogbuigwe, T. D. International 
Journal  of Management & Information Systems 

(IJMIS), 20(3), 59-72, 2016.



Critical view on the applied sustainability 
strategies

• The environmental technologies applied to improve sustainability 
of laundries (i.e. solar thermal or wastewater treatment concepts) 
are lacking in cost-efficiency, due to: 

 long prototyping/pretesting phase

 non-optimal data acquisition and thus process control

 unintended problems that lead to increasing efforts in 

cleaning and maintaining of environmental technology

A solution could be a flexible real-time monitoring sensor concept, 
which use both sophisticated sensor technology and artificial 
intelligence to achieve optimal prototyping and process conditions.

I. Kogut, D. Gaida, E. Brohammer et al.,  IGF project IMPRESS, 2019-2022.

An example: COD, BOD, TOC online sensor 
made by company Trios



Application cases – Improved Supply Chain Analysis

Both, big data analysis and artificial intelligence enable a 
fast, sustainable and efficient analysis of supply chain

 Example:
Big Data's potential to improve food supply chain for 
more environmental sustainability and food safety

 Benefits:
“Big data offers a technological breakthrough that may
provide a means for translating “good” practices into 
generalizations that consumers can trust and be  
willing to pay for and, at the other end of the supply 
chain, firms could use for monitoring and evaluation of
alternative solutions to providing sustainably produced
and safe food.” 
M. C. Ahearn et al., International Food and Agribusiness Management Review
Special Issue - Volume 19 Issue A, 2016.

datasolut.com



Application case- Environmental process 
monitoring

• Monitoring of energy consumption and environment 

parameters in industrial facilities, e.g. laundries

• Features:

• Data acquisition

• Wireless data transmission

• Visualization

• Measuring components:

• E-Meter: Autonomous ad-hoc electric power

• Environment Information System (EIS): Air velocity, 

temperature, CO2, light intensity, barometric pressure

E-Meter

Environment Information System (EIS)
BMBF research project Hahn-Schickard, ESIMA,2017. 




