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ISRAEL



Israel’s population: 
8.79 million (2021) 

92% are living in 
urban area



347 people per km2 

10 times denser than the average of the OECD countries . 

Southern areas (2008): 45.2 people per km2.
Central and northern areas (2008): 710 people per km2

Tel Aviv area (2011): 7,522 people per km2



Israel’s population will number 15-25 million by the year 2050, 
making it the most crowded country in the OECD

Pop. 2015
8.5 M

Pop. 2025
High 

24.9 M

Pop. 2025
Medium

20 M

Pop. 2025
15.6 M



• High natural growth rates 
• Total fertility rate: 3.1 children per 

family (1.6 western countries) 

• Commitment to the continuing 
absorption of immigrants. 



Land available for 
planning and development

▪ Israel’s total land area: 22,145 km2

▪ Protected open space: 7,281 km2

▪ Built-up areas: 1,241 km2

▪ Beaches, infrastructure, etc.: 7,381 km2

▪ Military firing zones: 4,693 km2

Land available: 1,550 km2

About 7% of Israel’s total land area



Land-cover conversion

• The rate of land-cover conversion between 2014-2017 was the 
highest in the last 20 years!
• 55 km2 were converted from open landscape into built-up areas.

• 53k km2 were converted from natural landscapes and planted forests 
into Agricultural lands.



Rapid population growth:

• High natural growth rates 

• Total fertility rate: 3.6 children per family (1.6 western countries) 

• Immigration: the country’s commitment to the continuing absorption of 
immigrants. 







How did we reach this?





Prehistoric times

To air

To water

To land
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Water, 

food, tools, 
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Excreta 0.8 t/y

Charles Robert Knight, 1920

Brunner, P.H., Rechberger, H., 2004. Practical handbook of material flow analysis

Breath 5.1 t/y

Solid waste 0.1 t/y



Modern times

Brunner, P.H., Rechberger, H., 2004. Practical handbook of material flow analysis

Alamy stock photos
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• 9.2 Promote inclusive and sustainable 
industrialization

• 9.4 By 2030, upgrade infrastructure 
and retrofit industries to make them 
sustainable, with increased resource-
use efficiency and greater adoption of 
clean and environmentally sound 
technologies.

• 9.5 Enhance scientific research, 
upgrade the technological capabilities 
of industrial sectors in all countries, in 
particular developing countries

• 12.2 By 2030, achieve the sustainable management 
and efficient use of natural resources 

• 12.5 By 2030, substantially reduce waste generation 
through prevention, reduction, recycling and reuse 

• 12.6 Encourage companies, especially large and 
transnational companies, to adopt sustainable 
practices and to integrate sustainability 
information into their reporting cycle 

• 12.7 Promote public procurement practices that 
are sustainable

• 12.8 By 2030, ensure that people everywhere have 
the relevant information and awareness for 
sustainable development and lifestyles in harmony 
with nature

• 12.a Support developing countries to strengthen 
their scientific and technological capacity

https://sustainabledevelopment.un.org/

https://sustainabledevelopment.un.org/


The Waste Hierarchy



The Waste Hierarchy



The Waste Hierarchy

Advantages: 
• Conservation of resources
• Supply of raw materials to industry
• Reduction of waste disposal to  incineration & 

landfill

Disadvantages:
• Emissions from recycling process
• Recycling sites are unhygienic, unsafe and 

unsightly (odours, noise, vermin nuisance)



The Waste Hierarchy

Composting (turning organic wastes into nutrient-
rich food for plants).
Advantages:
• Recovery of useful organic matter for use as soil 

amendment 
• Employment opportunities
• Reduction of waste disposal to  incineration & landfill

Disadvantages/challenges: 
• Unpleasant smell (neighbours may complain)
• May attract rats, snakes and bugs.
• Involves plenty of work and needs some monitoring.



The Waste Hierarchy

Recovering energy ("waste to energy“/WtE) 
• The process of incinerating non-recyclable waste to 

produce electricity.
• Advantages: 

• Produces energy for electricity generation (reduces 
reliance on fossil fuels and decreases carbon 
emissions).

• Disadvantages:
• Generates pollution and particulates. 
• The destruction of useful materials.
• Disincentivizes more sustainable waste management 

solutions and renewable energy sources.



Amager Bakke (Copenhill)

https://www.youtube.com/watch?v=pOqocj2h6EM



לאנרגיהמפסולת



The Waste Hierarchy

Advantages: Cheap + Support Jobs

Disadvantages: 
• Contribution to global warming: landfill gas 

contains methane and carbon dioxide.
• Methane is a highly inflammable gas
• Soil and water pollution: hazardous chemicals, 

gases, and toxins seep from landfills, get mixed 
with soil and groundwater. 

• Affect Wildlife: certain birds and animals feed 
on landfill sites and ingest plastic, aluminum, 
drywall, and other materials.



Industrial

Municipal 

Agricultural

Building 
Material 

Dirt

Solid Waste in Israel (2017)

20.9 
million tons



Growth in Municipal Solid Waste (2030, ton per year)

Business-as-usual scenario
(population and consumption) 



Municipal Solid Waste per Capita



Genertaion of  Solid Waste per capita (Israel vs. Europe) 

Europe Israel



Municipal Solid Waste Composition

Plastic

Other

Food

Paper & Carboard



Landfills Recycling
Waste-to-
energy

Waste-to-energy

CompostOther

Treatment of Municipal Solid Waste In OECD Countries



1996-2005: Closing 400 not regulated landfills

2006-2015: Landfill tax 

• 2007: 10 NIS (3€ )

• 2015: 108 NIS (31€ ) 

• 2006 onwards: 80%

Disposal of waste materials in Landfills



Recycling – Israel vs. Europe 

Europe Israel

Including organic waste - 20%
(since 2006) 



Recycling – Israel vs. Europe 

Europe Israel

Barriers: 
• Lack of coordination 

• central and local governments 
• other stakeholders

• Regulatory instability 
• Lack of planning, measurement and monitoring 

Including organic waste - 20%
(since 2006) 



Circular EconomyRecycling Waste-to-energy

Israel's Solid Waste Management Strategic Plans

23% by 203054 % by 2030

Landfill: 20%



Resource Efficiency 
(Circular Economy) 

Reduce Environmental 
Impacts in Waste Treatment 

Chain  Efficiency 

Reduce 
Manufactured 

Waste 

Israel's Solid Waste Management Strategic Plan 2030 - Goals



https://www.youtube.com/watch?v=zCRKvDyyHmI

https://www.youtube.com/watch?v=zCRKvDyyHmI


The concepts of Circular Economy
• Holistic approach: not just recycling or “zero waste” or “lower demand” – also 

redesign, reuse…..

• Recent surge in interest in no small part thanks to the  
activities of the Ellen MacArthur Foundation

https://ellenmacarthurfoundation.org/about-us/what-we-do



Google trends 2004-2019

Tóth 2019, https://www.mdpi.com/2079-9276/8/4/159/htm

The concepts of Circular Economy
• Lots of interest among consumers,

producers, planners, and decision 
makers around the world.

https://www.mdpi.com/2079-9276/8/4/159/htm


From materials to products –life cycles
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Materials’ life cycles: phases

Fabrication Manufacturing

WasteExtraction

Use
Scrap

Stock

ScrapProcessing
Production 

phase

Use 
phase 

End-of-life 
phase



Closing the circle: reuse, repair, refurbish, recycle, second 
life…

Fabrication Manufacturing

WasteExtraction

ScrapScrapProcessing
Use

Stock



Fabrication

Extraction

ScrapProcessing

Manufacturing

Waste

Scrap
Use

Stock

Closing the circle: reuse, repair, refurbish, recycle, second 
life…



Extraction

ScrapProcessing

Manufacturing

Waste

Scrap
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Fabrication

Closing the circle: reuse, repair, refurbish, recycle, second 
life…



Extraction

Scrap

Manufacturing

Waste

Use

Stock

Fabrication

Processing Scrap

Closing the circle: reuse, repair, refurbish, recycle, second 
life…



Interim summary

• Products have life cycles with a fairly standard pattern, which is quite 
linear: extraction, production, use, end of life.

• There is some circularity, but meager and incidental.

• What’s the alternative?.....next week



Material efficiency opportunities

material and 
energy flows

impacts damagesobstacles

What impacts and damages 
can be decreased through 

resource efficiency 
measures?

What obstacles and 
challenges hinder 
using resources 

efficiently?



Material efficiency opportunities

material and 
energy flows

impacts damagesobstacles



Material efficiency opportunities
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How much of the raw material remains in the 
(intermediate) product component?

50% 50%

90% 20%Fabrication Manufacturing

Use
Scrap

Stock

ScrapProcessing



Various causes

Components and 
products that don’t 

pass quality assurance

Scrap, milling 
chips, etc.

Over-ordered 
materials

Maraqa et al. 2020



Resource efficiency through yield loss reduction: 
design solutions

Allwood, J. M.; Cullen, J. M.; Carruth, M. A.; Cooper, D. R.; McBrien, M.; Milford, R. L.; Moynihan, M. C.; Patel, A. C. 
Sustainable Materials: With Both Eyes Open; UIT Cambridge Limited, 2012. 



Yield loss reduction: Technological solutions

tomer.fishman@idc.ac.il

mailto:tomer.fishman@idc.ac.il


yield loss reduction: planning and 
management solutions
Many management and quality methods can be applied to sustainability 
questions:

• Lean manufacturing

• 5S

• Just-in-time

• And many others

industrial engineering
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Production scrap diversion

•Recycling within the manufacturing facility

•Reuse within the manufacturing facility

•Diversion to new products



Outside the facility: industrial symbiosis



Kalundborg (Denmark): 
the most famous case of 
industrial symbiosis

Source: Chertow and Ehrenfeld, J Ind Ecol., 16(1), (2012)

https://www.youtube.com/watch?v=1yCYGOxnpSY

http://www.symbiosis.dk/en/

Energy

Water

Materials

https://www.youtube.com/watch?v=1yCYGOxnpSY
http://www.symbiosis.dk/en/


IZ NÖ-Süd, Austria
Source: World Bank. 2017. An international framework for eco-industrial parks (English). 
Washington, D.C. : World Bank Group. 
http://documents.worldbank.org/curated/en/429091513840815462/An-international-
framework-for-eco-industrial-parks

“IZ NÖ-Süd was established in 1962 and is located in the Lower Austria Province, Austria. The park covers 
280 hectares and comprises 370 companies. The companies located in the industrial park are mostly 
comprised of SMEs and international companies that mostly rent the facilities for office, storage and 

production space purposes. Examples of active sectors include the following: food and beverage; 
aluminium and steel converting; production of energy and technical components; environmental services 

and technologies; and logistics.”



Ulsan Mipo and Onsan, S. Korea
Source: World Bank. 2017. An international framework for eco-industrial 
parks (English). Washington, D.C. : World Bank Group. 
http://documents.worldbank.org/curated/en/429091513840815462/An-
international-framework-for-eco-industrial-parks

”The Ulsan Mipo and Onsan industrial park is spread over an area of 6,540 hectares, at which 1,000 
companies operate. The park includes a variety of industries, such as vehicle manufacturing, 
shipbuilding, oil refineries, machineries, non-ferrous metals, fertilizer and chemical industries. 

Collectively, they employ more than 100,000 people. The main objective of the Ulsan EIP initiative was 
to transform the Mipo-Onsan conventional national industrial complexes into sustainable eco-industrial 

parks (EIPs) based on the national eco-industrial park development master plan.”



In Israel:

• Variation on the theme: not a preplanned “eco-industrial park”

• Pilot project headed by the Ministry of Economy and Industry since 
2019.

• Three companies were awarded franchises to map and connect 
products, by-products, and resource demands of industries across 
Israel

• As of September 2019. over 250 companies registered and 15 cross-
industry deals were signed.

https://bit.ly/2uX3Rnm https://www.israelmm.org.il/ https://sim.aviv-ebc.co.il/

https://bit.ly/2uX3Rnm
https://www.israelmm.org.il/
https://sim.aviv-ebc.co.il/


https://www.buildeal.com/

Private initiatives, e.g.
“The national commercial space for construction surplus materials”

https://www.buildeal.com/
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Lightweighting and less material by design
Providing the same function or service with less materials

Lightweighting
can sometimes 
also decrease 
energy 
consumption in 
the use phase…

… and 
sometimes 
increase energy 
consumption in 
the use phase.

https://www.google.com/imgres?imgurl=https%3A%2F%2Frogereberhard.com%2Fwp-content%2Fuploads%2F2014%2F02%2FShantyTownDeluxe21.jpg&imgrefurl=https%3A%2F%2Frogereberhard.com%2Fshanty-town-deluxe%2F&tbnid=6WeI6LP2zFgfIM&vet=12ahUKEwjugp2AuM_pAhVhEGMBHb_qBK8QMygIegUIARCsAg..i&docid=vNeNH6-fVSbKcM&w=1500&h=1145&q=SHANTY&client=firefox-b-d&ved=2ahUKEwjugp2AuM_pAhVhEGMBHb_qBK8QMygIegUIARCsAg


Factors promoting lightweighting

• Technology

• Costs

2009 model 2010 model



Factors delaying lightweighting

• Over-standardization of 

components (heavy and not 

customized to their job)

• Research & development 

sexpenses

• Design for general use

• Poor planning
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Downsizing

tomer.fishman@idc.ac.il

mailto:tomer.fishman@idc.ac.il


Downsizing

tomer.fishman@idc.ac.il

https://www.google.com/imgres?imgurl=https%3A%2F%2Fwww.interiorzine.com%2Fwp-content%2Fuploads%2F2017%2F11%2Fsmall-scale-modern-loft-design-sliding-staircase.jpg&imgrefurl=https%3A%2F%2Fwww.interiorzine.com%2F2017%2F11%2F30%2F50-small-studio-apartment-design-ideas%2F&tbnid=sQeqSBRkvp2wtM&vet=12ahUKEwjN18jyqvjvAhVM4oUKHWhsC0AQMygFegUIARDHAQ..i&docid=iEN6sXtqCoeCHM&w=700&h=467&q=compact%20apartment&hl=en&client=firefox-b-d&ved=2ahUKEwjN18jyqvjvAhVM4oUKHWhsC0AQMygFegUIARDHAQ
https://www.google.com/imgres?imgurl=https%3A%2F%2Fmiro.medium.com%2Fmax%2F10320%2F1*X421hrzq0Rx3FUcTEHiEGA.jpeg&imgrefurl=https%3A%2F%2Fthebelladonnacomedy.com%2Fbig-house-in-the-suburbs-7756b53361b5&tbnid=LJ2jMzzVRr30xM&vet=12ahUKEwiA-ISIq_jvAhXt6eAKHZ5gAmIQMygBegUIARDQAQ..i&docid=H8cmJE5bNiBAmM&w=4000&h=2733&q=big%20house&hl=en&client=firefox-b-d&ved=2ahUKEwiA-ISIq_jvAhXt6eAKHZ5gAmIQMygBegUIARDQAQ
https://www.google.com/imgres?imgurl=http%3A%2F%2Frealestate.jpost.com%2Fwp-content%2Fuploads%2F2020%2F01%2FScreen-Shot-2019-01-11-at-15.00.33.png&imgrefurl=http%3A%2F%2Frealestate.jpost.com%2Festate_property%2Fbig-new-apartment-in-herzliya%2F&tbnid=3Ykwjb4VDNFewM&vet=12ahUKEwin4pGTq_jvAhUP-4UKHQdNAUMQMygEegUIARDUAQ..i&docid=1CYSOoysMJx7LM&w=2246&h=954&itg=1&q=big%20apartment&hl=en&client=firefox-b-d&ved=2ahUKEwin4pGTq_jvAhUP-4UKHQdNAUMQMygEegUIARDUAQ
mailto:tomer.fishman@idc.ac.il


Alternative products and services
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Alternative products and services



Product as service / pay for performance



Product as service / pay for performance

“Philips will retain ownership of all the equipment, Schiphol Group will lease it for the 
duration of the contract. At the end of the contract, fixtures will be re-used elsewhere 
after upgrading, resulting in maximum resource reduction.”
https://www.philips.com/a-w/about/news/archive/standard/news/press/2015/20150416-Philips-
provides-Light-as-a-Service-to-Schiphol-Airport.html

https://www.philips.com/a-w/about/news/archive/standard/news/press/2015/20150416-Philips-provides-Light-as-a-Service-to-Schiphol-Airport.html


https://www.rolls-royce.com/media/our-stories/discover/2017/totalcare.aspx

https://www.rolls-royce.com/media/our-stories/discover/2017/totalcare.aspx


Farmers Do Not Want To Buy Pesticides
They Want To Buy A Pest-Free Crop

https://www.koppert.com/integrated-pest-management/

https://simapro.com/2016/five-ways-to-circular-economy-and-lca-product-as-a-service/

https://www.koppert.com/integrated-pest-management/
https://simapro.com/2016/five-ways-to-circular-economy-and-lca-product-as-a-service/


Product as service / pay for performance
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More intensive use



https://www.globes.co.il/news/article.aspx?did=1001108287

“The car is dead capital. On average 1.2 passengers use 
it for 50 minutes a day only. It’s uneconomic.”

https://www.globes.co.il/news/article.aspx?did=1001108287


More intensive use: two types of sharing economy

More intensive use of the service

such as ride sharing

More intensive use of the product

such as car sharing



One year later: Auto-Tel’s cars are 
parked 95% of the time
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https://www.health.harvard.edu/staying-healthy/drug-
expiration-dates-do-they-mean-anything

https://www.health.harvard.edu/staying-healthy/drug-expiration-dates-do-they-mean-anything


Pros:

• Demand reduction

• Waste reduction

Cons:

• Lower efficiency

• May pollute more during use

• Higher maintenance and usage requirements

• Does it still provide the service?

1953 Buick Skylark 1963 Susita

Life extension pros and cons



Tradeoff between life extension and more 
intensive use

Intensive use reduces 
product lifetime

Old products tend to 
be used less 



Repair as a 
resource 
efficiency 
strategy

https://www.wbur.org/cognoscenti/2018/12/11/right-to-repair-nathan-proctor

https://www.wbur.org/cognoscenti/2018/12/11/right-to-repair-nathan-proctor


https://www.repair.org/aboutus

https://www.bbc.com/news/business-56340077

https://www.repair.org/aboutus
https://www.bbc.com/news/business-56340077


שימוש נוסף

• Security camera
• Gaming system
• Video chat device
• Wireless webcam
• Alarm clock
• TV remote
• E-Book reader
• Media player
• Contribute your phone to 

science
• Emergency phone

https://www.pcmag.com/how-to/uses-for-your-old-smartphone

https://www.pcmag.com/how-to/uses-for-your-old-smartphone


https://www.straitstimes.com/business/economy/whatever-
happened-to-chinas-giant-piles-of-abandoned-bicycles

https://www.straitstimes.com/asia/east-asia/graveyard-of-the-
bikes-chinas-failed-share-cycle-scheme-from-above

https://www.straitstimes.com/business/economy/whatever-happened-to-chinas-giant-piles-of-abandoned-bicycles
https://www.straitstimes.com/asia/east-asia/graveyard-of-the-bikes-chinas-failed-share-cycle-scheme-from-above
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