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Agenda
13:00 - 13:10 - Welcome and introductions

« 13:10-13:50 - Capacity building (presented by Gijbsert Korevaar)
 Circular economy, Industrial Ecology and Industrial symbiosis
* Guest speaker: Jan Willem Mulder (Evides Industriewater)

« 13:50 - 14:20 - Zero Brine Project
* Project description
* Project results

* 14:20 - 14:30 - Online coffee break

* 14:30 - 15.20 - Online Brine Platform
* Video by Revolve and NTUA
 OBP tutorial

* 15:20 - 15:30 - Online coffee break
* 15:30 - 15:45 — Questionnaire about the Online Brine Platform
* 15:45 - 16:00 - Wrap-up
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My background

» Mechanical engineering

* Industrial ecology

* Process engineering

 Sustainability assessment
* Life Cycle Assessment
« Social Life Cycle Assessment

- Life Cycle Costing

Institute for
Sustainable
Process Technology
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Symbiosis of Circular Economy
and Industrial Ecology

3 December 2020

Dr. ir. Gijsbert Korevaar
Assistant Professor on Industrial Symbiosis

%
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My background

« Chemical Engineering design research

« Industrial Ecology education development
« Industrial Symbiosis projects and research
« Circular Economy edqucation and research

« Faculty of Technology, Policy and Management
« Department of Engineering Services and Systems
« Energy and Industry section

%
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Sustainable Growth across value chain
—————

Future feedstocks \

L“Idr"‘ Cross-industry Efficiency \
Economy

Future products & application \




level 4: system change improvements

LEVEL 4
LEVEL 3 system change
organizational improvements
change
LEVEL 2 ] IE, CSR, SE
Improvements
product change |
value chain EMS, EPE, KPI, GRI, LCM, SBM
improvements l
LCA, SCM, CFP, EPD, DFE B\\’\ﬂ
LEVEL 1 (AW
process change l
improvements
CP
1/0, MFA KL

%
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Decoupling

Economy activities

Decoupling of resource use (GDP)
from economy growth

el |

Decoupling of environmental Environmental impact
impact from resource use

2010 2030


http://www.google.nl/url?sa=i&rct=j&q=decoupling+environmental+science&source=images&cd=&cad=rja&docid=7S9cM0NCqTxaYM&tbnid=-ldZB_LarDH8uM:&ved=0CAUQjRw&url=http://www.intechopen.com/books/environmental-management-in-practice/curbing-climate-change-through-a-national-development-of-climate-change-policy&ei=zisnUdZy8JTRBan9gEg&bvm=bv.42768644,d.d2k&psig=AFQjCNGL5bcdMJL34fULSlEEA1n8iIyLGQ&ust=1361608008562678

Towards the Comprehensive Design of Energy
Infrastructures

Informal
institutions

Formal
institutions

Governance

Organization

Market activities

Customs, traditions, norms, values, religion

/N

General:
Polity, judiciary, bureaucracy, competition law

Sector-specific:
Sector laws and decrees, e.g., degree of competition and
unbundling; private vs. public ownership; regulation of
access and tariffs; spot market rules, industry standards

N

Contractual arrangements, degree of horizental and vertical
integration, transaction costs, principal-agent and
opportunistic behavior safeguards

) >

Firm decision making on prices and quantities, business
models, operation and maintenance, long-term investments

Layer 1

Layer 2a

Layer 2b

Layer 3

Laver 4


https://doi.org/10.3390/su8121291
https://www.mdpi.com/search?authors=Daniel%20Scholten&orcid=
https://www.mdpi.com/search?authors=Rolf%20K%C3%BCnneke&orcid=

Cluster types

Characteristics Pure agglomeration Industrial complex Social network

Firm size Atomistic Some firms are large Variable

Characteristics of relations Non-identifiable Identifiable Trust
Fragmented Stable and frequent trading Loyalty
Unstable frequent trading Joint lobbying

Membership Open

Access to cluster Rental payments
Location necessary

Space outcomes Rent appreciation

Example of cluster Competitive urban economy
Analytical approaches Models of pure agglomeration
Notion of space Urban

Closed

Internal investment
Location necessary

No effect on rents
Steel or chemicals production complex

Location-production theory
Input—output analysis

Local or regional but not urban

Joint ventures
Non-opportunistic

Partially open

History
Experience
Location necessary but not sufficient

Partial rental capitalisation
New industrial areas

Social network theory (Granovetter)

Local or regional but not urban




Transition Design Theory

Societa - s4
yslem Societal ) i%i . Mew Socielal
(s) Problem Situation
SOCIo-
Tachnical Sﬁ:‘ﬂ
System Deficienc
m" '.l"
w" q.‘
Service Functional
System Problem J
(Q)
Product-
Technology P W
Systemn Operational
{F) Problam J
Reflaction (1)

Synthesis (3)




Societal
level

Socio-
technical
system
level

Product-
service
system

level

Product
system
level

Circular

Economy Energy
transition

o Construction .
The mining and The The recycling

. . of energy The transport L i
processing of manufacturing o or incineration

) transport of electricity )
materials of goods of materials
system

Cable

F:] ¢

Cable

installation




| Sharing of services and infrastructures | | Sharing of services and infrastructures |

Mutualized supply | | Mutualized treatment i
v e et eemeeeemeeeeeaeseeeseeeeseseseeeseseeseseseeetetneeeensmnn ,
X | ¥ ;
E Shared Shared i Secondary raw
Resources | T 7| infrastructure ; infrastructure . material
d product ; «p-|  (export)

Ll s ' i Economic —4 4 ’
(import) ; .
: —¢ activity ;
: - :
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: » Economic ! R ;

— > activity - ———— +i, Information | . -

|  exchanges | .
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pad E

Economic

activity :

\ 4 .- !
\ ;
..................................................... N et

______ A |
| By-products exchanges |

| Substitution of raw material and energy



Industrial Symbiosis — main topics

Industrial -  resources, production, transport, waste treatment
- Symbiosis ... linked together with a mutual benefit

What is needed:

Process Intensification

Innovative (Bio)-Chemical Routes

Design Value Chains and Supply Chains as Closed Loops
Smart Infrastructures

Sufficient Diversity

Organisational Embedding

Evaluation and Management of Sustainability Performance

%
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EU27 e e e

imports

Energetic
use Waste rock 0.1

Short lived products

Domestic Domestic

extraction - processed
Materials Material EolL waste output
processed

use

Addition to stocks Demolition

Stocks

[ Fossil fuels M Biomass I Metals [l Waste rock [ Industrial minerals [] Construction minerals

Willy Haas et al. (2015), How Circular is the Global Economy?: An Assessment of Material Flows, Waste Production, and Recycling in
the European Union and the World in 2005. Journal of Industrial Ecoloav 19(5). p765



Seminal thinkers/ frameworks
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Fenna Blomsma, Making Sense of Circular Economy;, 20‘1"':6‘*Ph?D’.Thvesis.Imperial College London



INDUSTRIAL ECOLOGY

Discipline that uses ecological principles in order to analyze and design industrial systems
and to reduce their impact on the environment.

CIRCULAR ECONOMY

Industrial system that is restorative or regenerative by intention and design.

Eco-industrial park
Community of manufacturing and service businesses seeking enhanced

environmental and economic performance through collaboration in managing
environmental and resource issues including energy, water, and materials.

Industrial symbiosis

Circular economy principles

1. Design out waste/Design for reuse

2. Build resilience through diversity

3. Rely on energy from renewable sources

4. Waste is food/Think in cascades/Share values
5. Think in systems

Circular economy strategic framework

Dynamic process based on the interaction of separate businesses entities that
create a cooperative network to achieve competitive advantage by physical
exchange of materials, energy, water, and/or by-products as well as services
and infrastructures.

Industrial symbiosis dynamics

Ways in which an industrial symbiosis is generated and structured from a
technical and organizational point of view.

Technical dynamics Organizational dynamics
- Process oriented - Anchor manufacturer
- Residue oriented - Eco-cluster development
- Place oriented - Government planning
- Business incubator

1. Narrowing resource loops
2. Slowing resource loops +
3. Closing resource loops

A. Technical innovation
B. Business model innovation
C. Collaboration

Circular business models

Disruptive business models aiming to drive the sustainability of a business
network through the circular strategies, linking up material flows, using
resources most efficiently and ideally eliminating waste.

Dematerialization || Produce on demand || Remanufacturing || Refurbishing
(1. Avoid) (1. Avoid) (2. Replace) (2. Replace)

Upgrading || Hybrid model |{S 0 [RGB BT 00T Collection service
(2. Replace) (3. Reduce) (8. Reduce) (4. Reuse)

Collaborative consumption Performance model Closed loop recycling
(4. Reuse) (4. Reuse) (5. Recycle)

Downcycling Upcycling || Energy recovery
(5. Recycle) (5. Recycle) (6. Recover)




Keep in touch

Dr. ir. G. (Gijsbert) Korevaar

Assistant Professor Industrial Symbiosis
Faculty of Technology, Policy and Management
Delft University of Technology

Jaffalaan 5

2628 BX Delft
g.korevaar@tudelft.nl
+31 15 278 3659

LinkedIn: http://nl.linkedin.com/in/gijsbertkorevaar

%
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c’iides

industriewater

Circularity at Evides Industriewater

Jan Willem Mulder

ISPT webinar - 3 December 2020




Evides makes water valuable

Mission:
Offering water solutions, reliable and innovative

gﬂdes

industriewater

21




Activities Evides Industriewater

« Supply of industrial process water (one third polished deminwater)
« Tailor-made water by DBFO or commodity

« Multi-client demin water plants in the Rotterdam area (2,400 m3/h)
- Treatment of industrial wastewater

- Treatment of domestic wastewater in the Hague region
« Re-use of water and resources

« Cooling tower water Research and innovation

ciﬂdes

- industriewater

22




Sustainability - Water Without Waste

6

« Without Waste programme to reduce our environmental impact g
* Not only focus on CO2, also other sustainable goals B gt Water
« LCA tool for calculating our impact W|th{]l_,|t waste

GHG emissions value chain

& compensation Water depletion

coLoll
2019
ecovadis

CSR

Own GHG emissions - ]
Preserve Biodiversity Certified Sustainabilty

Prevent Pollution
c’ildes

industriewater




Circularity

« Until now mainly focused in water reuse

 Examples:
« Reuse of domestic wastewater for demiwater production for Dow Terneuzen
» Reuse of treated industrial wastewater Dow Terneuzen
» Reuse of wastewater for Lamb Weston Meijer Kruiningen

cﬁ/ides

- industriewater

24



Circularity - heat recovery

« Heat exchange for preheating demiwater production in the Botlek

« 'Sloewarmte Vlissingen’; heat exchange between Zeeland Refinery and other clients

5/ides

industriewater



Circularity —-recovery of resources

« Part of R&D

« NEREUS project: recovery of components from wastewater
(cellulose, P, N, humic acids, energy, water)

« NEWBIES project: electrochemical recovery of ammonia
« WWTP effluent reuse pilots
» Zero Brine project: recovery of minerals from brines

c’iides

industriewater

26
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Conclusions and future developments

« Environmental impact is a mix of different aspects (LCA)
« Circularity is growing and will grow further in the future
« Looking for opportunities in the value chain, cooperation is necessary

- Still a lot to be developed

Hergebruik
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Thank you for your attention!

Questions

P

oiides
industriewater
28




Zero Brine project section
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Water: Clean water and sanitation

ACCELERATING EFFORTS
ON WATER AND SANITATION..

SAVES CHILDREN'S LIVES,

KEEPS TEENAGE GIRLS IN SCHOOL,
MAKES ADULTS MORE PRODUCTIVE,
AND PROTECTS THE ENVIRONMENT

Institute For
@ | : ZERO BRINE
Process Technology


https://www.youtube.com/watch?time_continue=69&v=cXtP9vdsRpk&feature=emb_logo

Poll: Zero Brine

- Had you heard about Zero Brine project before this session?
A. Yes
B. No

Institute for
Q) | : ZERO BRINE
Process Technology o



What is Brine?

* Brine is a high-concentration solution of salt
(usually sodium chloride) in water

* Brine is generated and discharged in the
Netherlands, as a matter of fact 650 ktons
chloride releases per year

Institute for
Sustainable
Process Technology

&
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Mediterranean
Sea - 38 ppt

Average sea-
water - 34.7 ppt

Black Sea - 18 ppt

Limit on agriculture 5 ot LD 2 —=rx
Irrigation - 2 ppt 5 ppt ht

L oot
lv)vg:ekr"lg.l ppt *traditional ways to express salinity is in “parts
per thousand” or ppt

briny water

brine pools
50+ ppt

saline water

seawater, salt lakes
30-50 ppt

brackish water

estuaries, mangrove swamps,
brackish seas and lake, brackish
swamps

.5-30 ppt

firesh waler

ponds, lakes, rivers, streams,
aquifers

0-.5 ppt

() ZERO BRINE



Consortium and activities

arvia F e, elﬁno eureca!

nnnnnnnn EN

nnnnnnnnnnn German Aerospace Center

\ 4 7
i TUDelft
MAM

Facsa”

ciclo integral del agua

Process Technology Warer Trearment Solutions

> ek @ijyl  Lenwrech

™ ,;?Wv UNIVERSITA Water
SEALZAU @ UNIVERSITY £ @iy’ Decvi st Europe
— oF ABERDEEN %,m. 7 DI PALERMO N
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industriewater

INGENIEROS
CONSULTORES

REVOLVE

Witteveen
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Case studies

Evides Industriewater
Ultra-pure Demiwater ez

plant

Institute for
Sustainable
Process Technology

THE ZERO BRINE PILOT PROJECTS

Textile

Precipitated Silica

\ -
ZORLU textlle plant

ya

IQE silica plant

ZERO BRINE

: - () ZERO BRINE



@ |

Dutch case study: Demineralized water plant (Evides
Industriewater)

10x DAFF
Flotation

Surface ‘ i
water

Anthracite

Back-up system

Bx Softener
(NaCl)

Softened
water tank

Bx RO

Institute for
Sustainable
Process Technology

8x RO fx RO

Bx RO

35

Bx
Mixed bed

Demin water
pipeline system

2 Demin
water tank

() ZERO BRINE



Poll: Zero Brine

« What kind of benefits do you expect the most due to the Dutch ZB case study?
Environmental benefits
Social benefits

Cost benefits

o0 w >

None

@

Process Technology

Institute for
Sustainable 36 ZERO BRINE




ZERO BRINE project results: Dutch DM Water plant

10x DAFF Back-up system
Flotation o )
. Site ]
Anthracite
» High purity magnesium & calcium
‘;E - Clean Water
Surf Demin water . .
e » B Sgﬁlgcfﬁf mﬁgtféﬂgﬂk sipeline sustem - NaClregeneration solution
Brine
o 1
Bx RO Bx RO Bx RO xR0 8x 2« Demin Slte 2
Mixed bed water tank
- Sulphate salts
l l - NaHC03
. . . . « (lean Water
o Site 1: Technologies o Site 2: Technologies « NaClregeneration solution
Demonstration of Nanofiltration (NF) - Crystallizer (MF-PFR) Nyex (TOC Removel) - Nanofiltration - Reverse Osmosis (R0) - Evaporation
Evaporation for treatment of lon Exchange (IEX) Regenerates Eutectic Freeze Crystallization (EFC) for treatment of RO Concentrates

Institute for
Q) | S . ZERO BRINE
Process Technology




ZERO BRINE project results: Spanish Silica plant

Na,S0, concentrate (25%) Anhydrous

e sodium

sumphate

- NaOH - - NaOH Anllscalant H‘H —
Silica wastewater Suspénded Treated water  Ultrailtration ~ Ultrafitration Reverse csmosis membrane - Osmotic Jjajar[ﬁ}gj Crystallizer pure waer

PH7 solids filter membrane permeate (using regenerated membranes) (EFC/Evaporation)
PH Y
Clean water Sodium sulphate

PRE-TREATMENT CONCENTRATION / WATER RECOVERY CRYSTALLIZATION

€460,000 per year and turnover of €1,800,000 per year
from the sodium sulphate recovered.

Institute for
Q) | S . ZERO BRINE
Process Technology




ZERO BRINE project results: Polish Coal mine

Coal mine water
PR X7

Decrease energy Faster i
consumption by rocessing

50% tl:a“nl gustmg

technologies

Magnesium
recnveru

ELECTRODIALYSIS NANOFILTRATION
IEHI] BRINE
REVERSE
03M0S1S

Fresh
water

Institute for
. ZERO BRINE
Process Technology

Salt
Crystalization

RECIUUET materials such as

salt or concentrated brine,
magnesium hydroxide




ZERO BRINE project results: Turkish Textile plant

Textile industry
RO retentate ., oo

The ZERO BRINE textile pilot is capable
of treating 300 L/hr discharged RO concentrate

70-80% of recovery of NacCl 55-60% reusable pure
for textile dyeing water stream for process

0 OZONE OXIDATION
NANOFILTRATION

LERD BRINE

{ 10N EXCHANGE

Recovered brine
REVERSE
0SMOSIS

\ Fresh
water

Institute for
. ZERO BRINE
Process Technology

@




ZERO BRINE Dutch case study results

Recovered materials: clean water, brine or NaCl (common salt), magnesium hydroxide

Environmental benefits: significant (eco) toxicity benefits
Tsalidis et al. Unpublished work

Economic benefits: profitable if high quality recovered minerals and water

Social benefits: reduction of Russian magnesium hydroxide (high conflict mineral) = EU target

Tsalidis and Korevaar, 2019
Tsalidis et al. 2020

@

Institute for
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ZERO BRINE project conclusions

Opportunities exist to produce circular water and circular minerals!

* The Netherlands: , potential financial benefits and conflict-
free sourcing minerals

Tsalidis et al. Unpublished work
« Spain: large potential financial benefits and

» Poland: high energy efficiency improvement and potential financial benefits and conflict-free
sourcing minerals

» Turkey: potential environmental benefits due to avoided products, especially water

Institute for
([% )j Sustainable 42 ZERo BRINE
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Brine Excellence Center (BEC)

« The central BEC facility will be established in the Netherlands (TU DELFT), while four
satellite BECs will be developed in Poland (SUT), Spain (Eurecat), Greece (NTUA) and

ltaly (UNIPA).

* Dutch BEC:

@ |

lon Exchange Column
Reverse Osmosis
Eutectic Freeze Crystallization

Nanofiltration

Top view of Water Lab, Civil Engineering faculty TU Delft (relevant to Dutch BEC)

Institute for
: ZERO BRINE
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Zero Brine “follow up” projects

ﬁfﬁéﬁlNE-@}wMNG Vr%?rx%rg VALULE-

Mining value from brines

Budget: 6,3 M€ Budget: 19 M€ Budget: 6.9 M€

Institute for
([% )j Sustainable 44 ZERo BRINE
Process Technology



Online Brine Platform section
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Circular Business models (Lacy and Rutquist, 2015)

Circular Supply chain

Recovery and recycling

Product life extension

Products as a service (PaaS)

Sharing platform: to promote or facilitate the renting, swapping, lending, sharing, gifting or
bartering of the resources, to connect the (by-) product owners with the individuals or firms
—> collaboration is formed among them.

Such a sharing platform allows multiple users to use similar resources or (by-) products
thereby reducing demand - Online Brine Platform

Institute for

G | s : ZERO BRINE
Process Technology




Online Brine Platform

ONLINE
) | me “ o @O
mome | PLATFORM (0BP)

w1 Dashboard ZERO BRINE Platform / Dashboard
2% Dashboard

TOTAL USERS 2

MATCHES 6 EFFLUENTS RECOVERED REQUIRED TECHNOLOGY PROVIDERS WASTE HEAT PROVIDERS
MATERIALS MATERIALS

10 6 4 8 17 5

B My Role:

[l waste Heat Provider > 2355

Q Search >
[ Statistics/Metrics WELCOME TO THE OBP ANNOUNCEMENTS INBOX
Messages o The OBP is an. |n.novat|ve prototype platforrT\.ln the domaln of saline wastewater —p

management aiming to promote resource efficiency and circular economy. The OBP FUERMENS

is developed by National Technical University of Athens in the framework of ZERO Online Brine Platform is live!

A My Notes BRINE project. The OBP aims to play a key role in replicating the paradigms
generated in the framework of the ZERO BRINE project.

B Announcements In the OBP, the brine streams generated by process industries (Brine Owners) as well

as the raw materials (minerals) and the water streams used by these industries
FAQ (Mineral/Water Users) will be mapped together with the available technologies
(Technology Providers) and waste heat streams (Waste Hear Providers). Possible
interactions between the industries across the value chain will be identified. Brine
Owners and Mineral/Water Users could be automatically matched, by the OBP ‘ ’

algorithm.
e ZERO BRINE Project b
In addition to the OBP, a web portal is created to access specific information in the <

domain of saline waste water management. A collaboration tool (forum) is embedded
to the portal in order to facilitate communication between key stakeholders. a

F.

Institute for

: ZERO BRINE
Process Technology



Online Brine Platform: Tutorial

HOW TO REGISTER TO THE
ONLINE BRINE PlATFORM

i f&r”i:ﬁ’& ri = 2T P ek o
) ZERO BRINE

Institute for
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Online Brine Platform

ONLINE
) | me “ o @O
mome | PLATFORM (0BP)

w1 Dashboard ZERO BRINE Platform / Dashboard
2% Dashboard

TOTAL USERS 2

MATCHES 6 EFFLUENTS RECOVERED REQUIRED TECHNOLOGY PROVIDERS WASTE HEAT PROVIDERS
MATERIALS MATERIALS

10 6 4 8 17 5

B My Role:

[l waste Heat Provider > 2355

Q Search >
[ Statistics/Metrics WELCOME TO THE OBP ANNOUNCEMENTS INBOX
Messages o The OBP is an. |n.novat|ve prototype platforrT\.ln the domaln of saline wastewater —p

management aiming to promote resource efficiency and circular economy. The OBP FUERMENS

is developed by National Technical University of Athens in the framework of ZERO Online Brine Platform is live!

A My Notes BRINE project. The OBP aims to play a key role in replicating the paradigms
generated in the framework of the ZERO BRINE project.

B Announcements In the OBP, the brine streams generated by process industries (Brine Owners) as well

as the raw materials (minerals) and the water streams used by these industries
FAQ (Mineral/Water Users) will be mapped together with the available technologies
(Technology Providers) and waste heat streams (Waste Hear Providers). Possible
interactions between the industries across the value chain will be identified. Brine
Owners and Mineral/Water Users could be automatically matched, by the OBP ‘ ’

algorithm.
e ZERO BRINE Project b
In addition to the OBP, a web portal is created to access specific information in the <

domain of saline waste water management. A collaboration tool (forum) is embedded
to the portal in order to facilitate communication between key stakeholders. a

F.

Institute for
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Poll: Online Brine Platform

Institute for
Sustainable
Process Technology
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Thank you

lin] ZEROBRINE
%) @IERO_BRINE_
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