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Wageningen UR:

-Fundamenteel en 

toegepast onderzoek

-Natuur en sociale 

wetenschappen

Arctisch onderzoek:

-Toxicologie

-Ecologie

-Milieuwetenschappen

-Sociaal-economisch

Wageningen UR
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Focus Arctisch onderzoek Wageningen UR
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People

Planet

Profit

Kennis en advies t.b.v.:

• Gezonde Arctisch systemen
• Verantwoord uitvoeren van 

activiteiten in de Arctic



Arctische onderwerpen Wageningen UR
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Activiteiten:
• Scheepvaart
• Olie- en gaswinning
• Visserij
• Toerisme

Milieu drukfactoren:
• Invasieve soorten
• Ballast water behandelingen
• Olie en opruim methodieken
• Vervuiling en plastic (marine litter)

Ecosysteem componenten:
• Zeeijs gemeenschappen en vis
• Vegetatie
• Vogels
• Zeezoogdieren: zeehonden, walrussen, 

walvissen, rendieren
Sociaaleconomische componenten:

• Lokale gemeenschappen
Anders:

• Beschermde gebieden
• Milieu risicobeoordelingen



Arctic Projects

Source: www.geographicguide.com 



Voorbeeld: Arctic Marine Litter analysis
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• Doel: bronanalyse afval op stranden Jan Mayen en Spitsbergen: wat ligt er, 

waar komt dit vandaan, waar liggen (beleids)oplossingen?

• Middel: MV Ortelius (Oceanwide Expeditions)

• In samenwerking met o.a. Leemans Maritime Consultancy, Oceanwide

Expeditions, Ministeries van Buitenlandse Zaken en I&M, Noorse 

wetenschappers 

https://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiv0-__mpTSAhUEVxoKHYzFAeAQjRwIBw&url=https://oceanwide-expeditions.com/trip-log/otl06-15-north-spitsbergen-polar-bear-special&psig=AFQjCNFi6g5pKxayZnWk_0mT2yZGwSTsoA&ust=1487320519345976
https://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiv0-__mpTSAhUEVxoKHYzFAeAQjRwIBw&url=https://oceanwide-expeditions.com/trip-log/otl06-15-north-spitsbergen-polar-bear-special&psig=AFQjCNFi6g5pKxayZnWk_0mT2yZGwSTsoA&ust=1487320519345976


Meer informatie?
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wouterjan.strietman@wur.nl

martine.vandenheuvel-greve@wur.nl



International standardization for 

sustainable development of polar regions

Jarno Dakhorst | Netherlands Standardization Institute
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Context (1)
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Context (2)

Joint Communication

• A safe, stable, sustainable and prosperous Arctic is 

important not just for the region itself, but for the 

European Union (EU) and for the world,

• Building on previous initiatives, this Joint 

Communication sets out the case for an EU policy that 

focuses on advancing international cooperation in 

responding to the impacts of climate change on the 

Arctic's fragile environment, and on promoting and 

contributing to sustainable development, particularly 

in the European part of the Arctic.
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Context (2)

Dutch polar strategy 2016-2020

• Dutch polar policy is based on three key concepts: 

sustainability, international cooperation and 

scientific research. 

• For both polar regions, the Dutch focus is on 

sustainability, conservation and management of 

the environment and continuously enhancing safety 

and sustainability criteria

• Dutch companies can play a positive role in developing 

technologies for safe and sustainable operations in 

extreme conditions onshore, in coastal areas and 

offshore, and can contribute to sustainable economic 

development of the Arctic from that position.
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Context (3)

Dutch polar strategy 2016-2020

• The Netherlands will promote the technological and 

regulatory cooperation with priority Arctic partners 

(companies, research institutions and relevant 

authorities). This may involve intergovernmental 

cooperation (e.g. cooperation between regulators) or 

non-governmental cooperation such as the ISO 

framework for developing private standards.
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Context (4)

• Economic activities in the Arctic is expected to increase 

(e.g. oil and gas, renewables, minerals, shipping, 

aquaculture, fisheries, tourism, …) which will require 

new infrastructure as well 

• Sustainable development not 

only involves economical aspects, 

but also environmental and social 

aspects (i.e. people, planet, profit)
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International standardization (1)

International standardization is about:

• cooperation with experts/peers from all over the world 

according to a multi-stakeholder approach

• establishing – in essence voluntary – consensus-based 

agreements (i.e. standards) on market relevant topics 

and which are recognized by authorities where relevant

• using science-based information 

• contributing to tackle world’s challenges (like climate 

change) by providing practical tools

• accelerating innovation and market introduction of new 

products and technologies
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International standardization (2)

International standardization fits perfectly in European 

and Dutch policy focussing on:

• climate change and safeguarding the Arctic 

environment

• promoting sustainable development

• supporting international cooperation

• fostering (scientific) research and innovation

Moreover, Dutch policy recognizes international 

standardization as an effective means to achieve 

objectives
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ISO committee on sustainable 

development of polar regions (1)

The Netherlands could take the initiative to establish a 

new ISO committee on sustainable development of polar 

regions (with focus on the Arctic region)

Benefits:

• Supporting policy and achieving objectives

• Exporting Dutch knowhow, products and services

• Setting the agenda

• …
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ISO committee on sustainable 

development of polar regions (2)

Would the Netherlands (NL) qualify?

• NL has no geographical ties in the Arctic region that 

can be perceived as an advantage (i.e. geopolitics)

• NL is known for consensus-building (‘polderen’), so 

achieving results

• NL has much knowhow about and experience in polar 

regions, also acknowledged by other countries 

• NL (NEN) is an experienced and valued ISO member 

with a track record
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ISO committee on sustainable 

development of polar regions (3)

How does a new ISO committee relate to existing 

committees and standards?

• New committee should develop generic standards that 
can be used by other committees to develop sector-
specific add-ons where needed (i.e. no interference 
with existing scopes and other bodies like IMO)

• [Only] oil and gas sector has dedicated committee on 
Arctic operations => relevant standards can be used to 
make them generic

• Existing standards on sustainability criteria, corporate 
social responsibility, environmental management, risk 
management, etc. can be used or referred to
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ISO committee on sustainable 

development of polar regions (4)
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Possible priority work items (1)

International standard with overview, principles and 

terminology:

• providing the fundamental concepts, principles and 

vocabulary of sustainable development of polar regions

• providing the foundation for other standards related to 

sustainable development of polar regions

• intending to establish one common language
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Possible priority work items (2)

International standard with sustainability framework:

• providing principles, criteria and indicators for 

operations in polar regions to facilitate assessment of 

environmental, social and economic aspects of 

sustainability

• providing a consistent basis on which the sustainability 

of operations in polar regions can be assessed within a 

defined context and for a specified purpose

• intending to help the user (e.g. company, customer, 

authority) to identify whether operations meet their 

requirements with respect to sustainability
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Interactive session

• Do we need international standards?

• Is this an appropriate time to start international 

standardization activities [also taking into account time 

frames for developing standards]?

• Should the Netherlands initiate establishing an ISO 

committee on this topic [i.e. assume leadership 

position]?

• Which topics are key / should be prioritized [both from a 

sustainable development in general perspective and 

from the Dutch knowledge export perspective]?

• Any other business?

24Meeting Dutch Arctic Circle | Wageningen Economic Research, The Hague | 16 February 2017
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jarno.dakhorst@nen.nl

+31 6 33 334 671 or +31 15 2 690 245

@jarnodakhorst

https://nl.linkedin.com/in/jarnodakhorst

Thank you for your attention

Meeting Dutch Arctic Circle | Wageningen Economic Research, The Hague | 16 February 2017



26

BACK-UP:

INTRODUCTION INTO 

STANDARDIZATION
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Introduction into standardization –

What are standards?

Standards…

• … are documents with agreements on products, 

services and systems

• ... are designed for voluntary use

• ... contribute to:

― (inter)national strength of competition

― innovation

― health, safety and environment

― image

• ... are in accordance with WTO
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Introduction into standardization –

Why standardization?
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Overcoming trade barriers

Vision ISO/TC 67 

(oil & gas):

Meeting Dutch Arctic Circle | Wageningen Economic Research, The Hague | 16 February 2017



Introduction into standardization –

What is standardization?

Standardization …

• … is an open process => all parties concerned invited 

to participate for broad support

• … is developing agreements based on consensus => 

no sustained opposition

• … is transparent => agreements are publicly 

available for comments and use

• … takes place on three levels:

― national (e.g. NEN, DIN)

― regional (e.g. CEN, GSO)

― international (e.g. ISO, IEC)
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Introduction into standardization –

How is participation organized? (1)

30

All stakeholders + consensus creates broad support for 

established agreements 

Everyone 

who has an 

interest 

can 

participate
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Introduction into standardization –

How is participation organized? (2)
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Stakeholder

Standardization 
process

National 
mirror 

committee

ISO/TC 
and/or

CEN/TC

Documents 
(e.g. draft 

standards)

Input/influence 
(e.g. expert in 

working group) 

Stakeholder

Stakeholder

Stakeholder

Stakeholder
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Introduction into standardization –

How will an ISO standard be developed?

32

12 weeks by 

default

8 weeks 

possible

8 weeks by 

default

optional; 12 or 16 

weeks possible

2 month 

translation 

(all ISO)

12 week ballot

8 week ballot

NP

CD

DIS Publication

Opt out

Opt in

WD

optional FDIS

• 3 tracks:

― Accelerated: 12 months to DIS and 24 months to publication

― Default: 24 months to DIS and 36 months to publication

― Enlarged: 36 months to DIS and 48 months to publication

Meeting Dutch Arctic Circle | Wageningen Economic Research, The Hague | 16 February 2017



Relationship between regulation, 

standardization and certification

33

One way to 

demonstrate 

is applying 

standards

Regulator has 

confidence in 

value of certificate 

to demonstrate 

compliance with 

law

Third party 

conformity 

assessment 

increases 

credibility

Operator has to 

comply with legal 

requirements

Meeting Dutch Arctic Circle | Wageningen Economic Research, The Hague | 16 February 2017
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Jeroen Hoving – J.S.Hoving@tudelft.nl
Section Offshore Engineering
Delft University of Technology

Capability of Ships in Ice

Modelling ship-ice interaction 
to determine 
ice impact damage 
on ships in transit

DAC – NWO: Arctic Research for the Topsector Water - Thursday, 18 May 2017



Jeroen Hoving – J.S.Hoving@tudelft.nl
Section Offshore Engineering
Delft University of Technology

The Northern Searoute and Northwest Passage 
are becoming accessible, while many ships are 
not equipped or designed for ice conditions.
(Or have an ice class that is insufficient.)

The following questions arise:

 What ice conditions can these ships handle,

 How can existing ships be adapted to improve ice capability, and 

 How can future designs be improved to maximize this capability.

To be able to answer the above, we need to know:

A. What are the loads on a ships hull while navigating through ice?

B. What is the maximum impact load a hull can take?

Problem statement: Capability of Ships in Ice

37DAC – NWO: Arctic Research for the Topsector Water - Thursday, 18 May 2017



Jeroen Hoving – J.S.Hoving@tudelft.nl
Section Offshore Engineering
Delft University of Technology

I. Modelling ship-ice interaction using the current state-of-the-art models:

 This involves improving currently existing models, that have been 
developed within our research group.

 At high cruising velocities, quasi-static approaches do not suffice, 
therefore the dynamics must be properly accounted for.

II. Physical scale-modelling of ship-ice interaction 
at high transit velocities in an ice tank to verify
and validate the model by comparing results.

III. Lab testing of steel rupture due to ice impacts,
to determine the loads at which a hull fails.

Plan: Capability of Ships in Ice
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Jeroen Hoving – J.S.Hoving@tudelft.nl
Section Offshore Engineering
Delft University of Technology

Directly involved so far:

 Jan W. van Bergen (DMO, Ministerie van Defensie)

 Prof. Mirek Kaminski (TUD, Ship Structures)

 Prof. Andrei Metrikine (TUD, Structural Dynamics)

 Jeroen Hoving (TUD, Arctic Engineering)

 TNO

Possible academic partners:

 MUN Newfoundland, St. John’s Canada

 NTNU Trondheim, Norway

Other partners from private/public sector?

Please contact me at j.s.hoving@tudelft.nl

Partners: Capability of Ships in Ice

39DAC – NWO: Arctic Research for the Topsector Water - Thursday, 18 May 2017
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Jeroen Hoving – J.S.Hoving@tudelft.nl
Section Offshore Engineering
Delft University of Technology

DAC – NWO: Arctic Research for the Topsector Water - Thursday, 18 May 2017

Icebergs and Ice ridges versus 
Marine Pipelines

Dynamic ice-soil 

interaction during 
seabed gouging. 



Jeroen Hoving – J.S.Hoving@tudelft.nl
Section Offshore Engineering
Delft University of Technology

It is not economically feasible to bury pipelines in zone 3, therefore pipelines are 
buried in zone 2, where the soil experiences significant deformations. 

The influence of the geotechnical parameters 
on these sub-gouge soil deformations is not well understood.

Burial depth of pipelines

42

Ref: P. Barrette  (2011)

DAC – NWO: Arctic Research for the Topsector Water - Thursday, 18 May 2017



Jeroen Hoving – J.S.Hoving@tudelft.nl
Section Offshore Engineering
Delft University of Technology

Due to sub-gouge deformations buried pipelines will displace:

 What is the minimal safe burial depth?

 How does trench design (material, shape, additional protection) 
influence pipelines deformation/damage? 

Sub-gouge deformations
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Jeroen Hoving – J.S.Hoving@tudelft.nl
Section Offshore Engineering
Delft University of Technology

Issues with existing models:

 Heavily simplified iceberg geometries, 

 Exclusively two-dimensional

 Iceberg dynamics not well accounted for,

 Sub-gouge soil response not included.

Currently involved:

 Federico Pisano (TUD, Geo-engineering)

 Prof. Andrei Metrikine (TUD, Structural Dynamics)

 Jeroen Hoving (TUD, Arctic Engineering)

Interested partners from private/public sector?

Please contact me at j.s.hoving@tudelft.nl

Modelling prospects

44DAC – NWO: Arctic Research for the Topsector Water - Thursday, 18 May 2017



Jeroen Hoving – J.S.Hoving@tudelft.nl
Section Offshore Engineering
Delft University of Technology
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Thank you for your attention!

DAC – NWO: Arctic Research for the Topsector Water - Thursday, 18 May 2017
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Accurately predicting future changes in Arctic sea ice cover

Richard Bintanja (KNMI/RUG)

Netherlands Polar Programme Call, Topsector Water
Requires 30% contribution from private partners



Accurate Arctic sea ice predictions/projections are vital for

Transport (shipping)
Fishery
Mining/drilling
Tourism
Ecology



September sea ice extent in medium resolution climate models



Make predictions of Arctic sea ice cover/thickness depending on 1. Year, 2. Month,
3. Geographical location

Use a very high-resolution version (20 x 20 km2 or higher)
Validate model with observed sea ice over the past decades
Apply ±10 members to sample internal variability

The KNMI global climate model

20 x 20 km2120 x 120 km2
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Marine mammals in the 

Arctic are highly susceptible 

to noise.

Bowhead whale Ringed seal

Beluga Narwhal



The reduction in sea ice will 

likely lead to an increase in 

shipping activity in the Arctic.



Sound production (in sea ice) 

not known for vessels 

operating with ducted 

propellers.



Aim of this project:

• investigate the behavioural response 
of marine mammals to the vessel

• measure & model sound propagation 
of an operating ice breaker
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Arctic Operations -

Risks, Safety and Sustainability

DAC Februari 16, 2017

Wim Jolles

wim_jolles@gmail.com

Jolmar Consult

JOLMAR Consult

mailto:wim_jolles@canatec.ca


Risky?



Risk management

• Determine the risk potential 

• Select tools to evaluate the risks 

• Use new standards – guidelines

– AOH, ISO Arctic Operations, Polar Code 

• More work in areas such as:

– Ice data: Remote Sensing, Data basis

– Human factors: SAR, Arctic strain

AOH 2014
Arctic 
Operating 
Handbook



ISO 
35104 

Ice
Mngt 

–
HAZID 
Sample 

System Sub-system Element 
SHALL  

requirements 
SHOULD  

requirements 

Sea Ice prone areas 

Physical Environmental Data 

Surveillance Forecasting 
Short term 

(3d) 

- review before issue                                                            
- confidence in accuracy                                                        

-engage vessels                                                     
- Ice radar in IM vessels                                                              

- Compare multiple 
forecasts                                 

- Forecasters 
available for liaison 

with Operators                               

Physical Ice 
Management 

IM vessels 
Far field, 
scouting 

- Detection in place 
- Far field coverage 

- Detect hazardous Ice                                                                                                                              
- Robust comms 
- Plan in place 

- Proper manpower  

- Compare multiple 
forecasts                                 

- Liaise with 
forecasters                                    

- Observations from 
vessels / platforms / 

shore locations 

Threat 
assessment 
& alerting 

Properties of 
facilities 

Operation 
Limits (OPL) 

- Establish clear lines of 
communication                                                            
- Understand 

operational limits with 
regard to ice 

- Defined 
stakeholders                                            

- Relevant 
Operations Manuals 

Sea Ice 
Management 

SYSTEM 
Organization 

Authority 
levels 

- Document                                      
- review                                               

- Include with induction 
- Audit effectiveness 

Site 
Operations 

In position 
Operating 

procedures 

- Regular review                                           
- Monitor feedback                                             

- Use change 
notifications                                     

- Ensure document 
control                                                        

- Use contingency plans 

- Advise IM Centre of 
movements / 

operations at an 
agreed time period                                        
- Integrate platform 
and support vessels  

Re Supply Approach Navigation 

- Establish lines of 
communication                                          

- Follow procedures                                  
- Liaise with IM Centre                                        

- Regular review 

- Advise IM Centre of 
all intended 

movements          - 
Integrate inbound 

resupply vessel into 
IM report system 

 



IMO Polar Code
Mandatory regulations ships operating in Polar Waters

– Mitigate risks low temperature, presence of ice, 
remoteness, high latitude, environmental sensitivity

– New ships: 1 January 2017;    Existing: 1 January 2018
– First IMO instrument to address ice class and 

ice operational limitations



Past ideas and present topics

• Past

– Sustainable development

– Dutch Polar Day

• Present

– Changes in sea ice cover

– Spray water

– Ice models

– Find Growlers



Remote Sensing Sea Ice Conditions

• Forecasting of sea ice conditions is affected by 
local - global conditions. 

• This has an effect on the safety of arctic 
operations. 

• Increased melting of arctic ice conditions further 
adds more challenges. 

• Satellite technology, radar and perhaps drones 
are good tools.

• They need to be complemented by operation 
specific tools and processes to ensure maximum 
safety of operation. 



Why and How – Remote sensing

• Systems and procedures to reliably and 
effectively monitor sea ice conditions

• By: TUD, Remote Sensing Specialists, ESA, 
Weather and Ice forecasters, TNO, Marin,  
JOLMAR

• Estimated effort: 15 m.weeks



Arctic Ice Atlas

• Arctic ice atlases may exist.

• Do we have easy access to a central repository 
of factual ice conditions?

• Proper planning is made difficult.

• Geographic ice conditions can be collated 
based on existing systems and produced for 
easy access and use, providing statistical 
information from which proper operating 
windows could be developed.



Annual ice cover variability
Beaufort Sea



PC7 vessel access - 29 March 2015

Go/No-Go sample chart 



Why and How - Atlas

• Create an easy to use central ice repository 

• By TUD, Remote Sensing Specialists, TNO, 
Marin, JOLMAR

• Estimated effort: 10 m.weeks



SafeRescue

• Deployment of people in harsh offshore 
climates may lead to challenges in safety and 
safe rescue. 

• Various part systems & procedures may exist.

• Finding, monitoring and retrieving personnel 
in a controlled and safe manner must be 
developed.

• Conduct proper simulations.



Search and Rescue

Canatec 

1. Faster rescue

2. Save more lives

3. Increase safety

4. Lower carbon footprint

5. Lower SAR and field operation costs

Develop biometrics, displays,  beacons, decision 
support systems



Why and How - SafeRescue

• Develop Safe rescue systems for personnel in 
arctic climates

• By TUD, TUE, TNO, Systems providers, JOLMAR

• Estimated effort: 10 m.weeks; ITEA (Eureka 
cluster program)



Arctic Strain

• Arctic strain was discussed during the 
development of (new) ISO Standards for Arctic 
Operations.

• A lot of expertise exists in Holland.
• A data collection program is proposed during the 

Arctic 100 Expedition planned for 2018.
• Record the actual strains and possible 

information overload to operational personnel. 
• Use results to improve data dissemination, bridge 

designs and machinery controls. Thus safety of 
operations.



Why and How – Arctic strain

• Field program to study the effects of arctic 
operations on personnel strain

• By TUD, VU, TNO, WUR, MARIN

• Estimated effort: 10 m.weeks, Arctic 100 
Expedition



Arctic operations can be 

carried out Safely and 

Effectively by:

Technology
Radar 
Sensors
Automation
Others

Duurzaam ontwikkelen
POLAR Team – total risk approach

Efficiente schepen
SAR Itea3-JIP
SafeRescue

Big Data

Simulate & Training

Environment & Ecology
Extreme events
Unforecast events
Hazards
Forecasting technology 

(Ice Program)

Icebergs JIP
Data, Experience
Drift
Melt water, Fauna

Schone & Nieuwe schepen
Cruise
Fishing
Class
Limits

R&D
Arctic 100  - 2017 field program
Polar Program
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Arctic Top Sector Water Proposal:
Induction potential and ecological impact of 

oil dispersants-induced marine snow 
formation by Arctic marine algae

Vorming van ‘oil marine snow’ onder
invloed van dispergeermiddelen

Van Eenennaam et al., 2016

verstikking van bodemleven

http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjP3sPOl5TSAhXENhoKHT1iD-AQjRwIBw&url=http://www.wur.nl/nl/nieuws/Nieuw-merk-voor-Wageningen-UR-en-onderzoeksinstituten-Wageningen-University-Research.htm&psig=AFQjCNFfHkppCJS5y_DyK736Yi3dNIyqqQ&ust=1487319639515040
http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjP3sPOl5TSAhXENhoKHT1iD-AQjRwIBw&url=http://www.wur.nl/nl/nieuws/Nieuw-merk-voor-Wageningen-UR-en-onderzoeksinstituten-Wageningen-University-Research.htm&psig=AFQjCNFfHkppCJS5y_DyK736Yi3dNIyqqQ&ust=1487319639515040
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VERWACHTE ECOLOGISCHE EFFECTEN ‘OIL 
MARINE SNOW’ OP VOEDSELKETEN GROOT

 Wat is het mechanisme achter ‘oil marine 

snow’ formation? Alg-specifiek? Rol van 

microben en viral lysis?

 Welke parameters zijn bepalend voor de 

vorming van ‘oil marine snow’? (bijv. 

temperatuur, licht, nutriënten, saliniteit)

 Hoe beïnvloedt het begrazing?

 Is scavenging door oil marine snow

selectief?

 Wat zijn de effecten voor ecosysteem 

productie in korte Arctische voedselketens?

 Welke concentraties en type dispergeer-

middelen geven minste snow formation?

 Effecten van alternatieve methoden om olie 

naar beneden te werken?

Arctisch gebied heeft zeer kort seizoen



84

Project:

1. Veldwerk met natuurlijke algen / 

gemeenschappen

2. Lab experimenten onder 

gecontroleerde omstandigheden

3. Modeleren van effect op 

functioneren Arctisch ecosysteem 

Benodigde partners 

1. In kind support: vaartijd, onderzoeks-

materialen, olie, dispergeermiddelen, ...

2. Cash support (15-30%): 75 k€ over 4 

jaar (15%)

3. Stakeholders

HOE KUNNEN WE EEN OLIE SPILL IN HET 
ARCTISCH GEBIED OPRUIMEN ZONDER 
VORMING VAN ‘OIL MARINE SNOW’, of 
ZONDER STERK ECOLOGISCH EFFECT?

Potentiële partners:

-olie&gas maatschappijen

-scheepvaart / maritieme sector

-verzekerings- en financierings-

maatschappijen

-NGO’s, ...

PIs:

-Prof. Corina Brussaard (NIOZ/UvA)

-Prof. Tinka Murk (WUR)

-Drs. Martine vd Heuvel-Greve (WUR)
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Dutch Arctic Circle

Een toekomstgericht netwerk
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Netwerken in transitieprocessen 

Netwerken dragen  bij aan 

het versnellen en 

opschalen van 

transitieprocessen 
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