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Danish water technology alliance

Water 
Distribution
• Water Loss
• Pressure Mgmt
• Data Integration

Sewer Systems 
& Resiliency
• Asset Mgmt
• Flooding
• Urban Developm.

Wastewater 
Treatment
• Resource recovery
• Energy neutrality
• Process Control

Groundwater
Mgmt
• Mapping
• Data Management
• SW/GW interaction

@ Robin Scheswohl, SFPUC



Where is Denmark?
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Denmark by the numbers

 Population: 5.7 million
 Area: 16,577 square miles (CA: 163.696 sq mi)
 Coastline: 4536 miles (CA: 3427 mi)

 Land use: 2/3 agriculture land (~28M pigs)

 Water Source: 100% groundwater

 Water Consumption: 28 gal./p./d.

 Precipitation: Avg annual 29,5 inches.

 Government: Constitutional monarchy. Liberal Government.

 GDP per capita (2017): 56.307 USD (~5 % lower than US)
 The world’s happiest nation several times according to UN, OECD, etc.
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WHY ARE we HERE?

http://www.google.dk/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&cad=rja&uact=8&ved=0ahUKEwjf0fmoovnPAhWBJywKHbN0B1EQjRwIBw&url=http://www.travelingmyself.com/2015/07/20/interesting-facts-about-denmark/&psig=AFQjCNFmgXJ5wCOaeQSyDoeJ8jaBm_9CDg&ust=1477594602073961


Partners & Geography
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California
Groundwater
Water Loss
Wastewater

Mid-West
Wastewater

Texas
WTA Light

MoU between the State of California and MoE in Denmark
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http://www.google.dk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwijkviP35vMAhWIa5oKHdmcA14QjRwIBw&url=http://www.systemtech.dk/aarhus-vand-case/&bvm=bv.119745492,d.bGs&psig=AFQjCNEuGnDKRmhCBN0CXsHYPEhVUQsHmw&ust=1461191083872572
http://www.google.dk/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&cad=rja&uact=8&ved=0ahUKEwiZo5SF7PjPAhWMVywKHe6LBQIQjRwIBw&url=http://www.energy-supply.dk/company/view/9665/nissen_energi_teknik_as&psig=AFQjCNEc7UC2yTjNYQGZmIEtEHfok_-H0A&ust=1477584150000488
https://www.google.dk/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&cad=rja&uact=8&ved=0ahUKEwjb4q6S7PjPAhVjD5oKHd4fA7MQjRwIBw&url=https://www.rlsind.com/landia-pumps-mixers/&psig=AFQjCNEj_53FGxHIEkjb8z9QVJFyu37Yeg&ust=1477584178451278
http://www.google.dk/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&cad=rja&uact=8&ved=0ahUKEwiE5_OJ7PjPAhXIVywKHQ_VCc8QjRwIBw&url=http://spad.dk/?p%3D992&psig=AFQjCNEhy80xJ1_2jqgDcgIDy09DkvAw9w&ust=1477584160219259
https://www.google.dk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiumc_J35vMAhXJbZoKHcwPDEMQjRwIBw&url=https://www.kamstrup.com/da-dk&bvm=bv.119745492,d.bGs&psig=AFQjCNFhpmJ4gC7c5pyVM4Tti8cWj7sLiQ&ust=1461191207028682
http://www.google.dk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjg483F3pvMAhUhGZoKHVyLAFcQjRwIBw&url=http://skytem.com/&bvm=bv.119745492,d.bGs&psig=AFQjCNFQhALqoFEEVVtVB85gA2q0vEqv1A&ust=1461190929664812
http://www.i-gis.dk/Home/tabid/40/language/da-DK/Default.aspx
https://www.google.dk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjro-qe3pvMAhUEOJoKHWR_CUYQjRwIBw&url=https://stateofgreen.com/en/profiles/leif-koch&psig=AFQjCNEtmVjvDFfcOu1QDEG2mkxPCgcJAQ&ust=1461190845750770
https://www.google.dk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjYv_Gu3pvMAhUkKpoKHQq1CV4QjRwIBw&url=https://i3connect.com/company/aquaz&bvm=bv.119745492,d.bGs&psig=AFQjCNGBmVOyWcjmqiB4PRvWguLzi65VLA&ust=1461190879095733
https://www.google.dk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjZ25uY_qjOAhUFOSYKHfGnDIsQjRwIBw&url=https://www.aarhus.dk/da/sitecore/content/Subsites/gogreenwithaarhus/Home/Partnere/AVK.aspx&psig=AFQjCNFBgegqcXEUuA0q82C3oRWZ7b2suw&ust=1470442186543690
https://www.google.dk/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&cad=rja&uact=8&ved=0ahUKEwjb4q6S7PjPAhVjD5oKHd4fA7MQjRwIBw&url=https://www.rlsind.com/landia-pumps-mixers/&psig=AFQjCNEj_53FGxHIEkjb8z9QVJFyu37Yeg&ust=1477584178451278
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Knowledge sharing & collaboration



ENERGY?

http://www.google.dk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwinwZrk1_nTAhUK1GMKHbbcD3gQjRwIBw&url=http://www.business.dk/diverse/krisen-der-aendrede-alt&psig=AFQjCNF2lDQgYDUhVSY0uIDbanREY8C2Jw&ust=1495205245911618


Danish Energy milestones 
(The old ones, New and more ambitious milestones are coming)

https://www.google.dk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwi_pPbz1_nTAhVX82MKHcXuA3cQjRwIBw&url=https://www.transparency-partnership.net/gpa/transformational-change-danish-100-renewable-energy-policy&psig=AFQjCNEMXACWZOYiIfPCaw7s_MsJ7qQtpQ&ust=1495205285304241


Denmark: economy, Water, energy & co2 
development
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Economic growth  
70 %

Energy 
consumption 
steady

CO2 emissions 
reduced

Water 
consumption 
reduced by 40 %

GDP in real terms CO2 emissions, adjusted
Gross energy consumption, 
climate adjusted 

Total water consumption

(1980 = index 100)



Danish drivers

Regulation

Environmental
Regulation
Polluter Pays
Prevention > Cleaning
Nutrients

Water Sector
Regulation

Ltd Companies

Benchmarking

EfficiencyWater Vison
Energy & CO2 Neutrality

Business 
Mindset

https://www.google.dk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjBsZb_z_PTAhVGaFAKHZ9GCGwQjRwIBw&url=https://www.youtube.com/watch?v%3DEfFJkGb_8c4&psig=AFQjCNF85n7uOP3TQPqiPVA2CXiLGHBA8A&ust=1494996977884270


Elements of the price USD/ccf
(af)

Water consumption 3.75
(1,637)

State tax: water supply 2.84
(1,240)

Water Supply (potable water) 6,60 
(2,877)

Waste water 7.21
(3,141)

Tax on Water and wastewater 
(25 %)

3.29
(1,434)

Total incl. 25% VAT 17.25
(7,523)

HOFOR – Water price 2018

Household cost 
Potable water:
53 ccf/year = 350 USD
(0.121 af/year) 

Water & wastewater 
(incl. storm water):
App. 914 USD/year



Danish experiences with Groundwater management



Relevance

 An extended period of drought has led to overdraft of 
aquifers resulting in water shortage (dry wells), land 
subsidence, saltwater intrusion, etc. 

 Extensive dairy industry causes high nutrient loads and water 
quality problems (nitrates)

 Recent storms has caused problems and raised questions of 
how to utilize aquifers for water storage.  

 In 2014 California passed the Sustainable Groundwater 
Management Act – a groundbreaking piece of legislation that 
will drive California towards sustainable groundwater 
management.

 From 1999-2015 Denmark conducted a nationwide sustainable 
groundwater program similar to the program outlined in the 2014 
legislation in California (Denmark is 100% reliant on groundwater).

 As a nation Denmark has extensive experience in mapping aquifers and 
producing conceptual models and sustainable plans for their use.

 Denmark has developed tailor-made and cost-effective geophysical 
technique to map the subsurface terrain enabling us to better 
understand regional basins by providing data to fill in the gaps between 
existing data.

 Denmark has developed an open data management model allowing 
local and state stakeholders to access and utilize all data through 
various software platforms. All water related data are openly available 
in easily accessible open databases.

 Due to extensive farming, Denmark has battled nutrient pollution of its 
aquifers for many decades.



Tailored Geophysical “toolbox” 

PACES

Electric resistivity 0 – 90 feet

Electric resistivity 0 – 360 f

ERTNMR

Water Content, Permeability 0 – 360 feet

TEM

Electric conductivity 15 - 900 feet

VARIOUS SEISMIC

Acoustic velocity 20 - 3000 feet

WIRE LINE LOGGING

Various tools

Electric conductivity 0 – 30 feet

DUALEM (GCM)
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Airborne Geophysical mapping

 Developed specifically for 
groundwater

 High production rate
 Cost efficient
 High vertical and lateral 

resolution
 No need to access the ground
 Strong correlation - resistivity 

to hydrogeology



Stanford Groundwater
Architecture Project

 Developing an optimal workflow for 
Sustainable Groundwater 
Management (SGMA compliance)
 Existing Data ‘Activation’
 Combining geophysics & geology
 Integrated Data Management
 Uncertainty Reduction
 Modelling ‘API’ (model agnostic)
 Lessons learned in Denmark applied 

to California



A CollaboratiVE EFFORT

Danish EPA
• Management
• Funding

Municipalities
• Action plans
• Implementation

GEUS -
Geological 
survey
• Standards
• Databases

Universities
• Research
• Standards
• Candidates

Consultants
• Data 
• Modelling
• Plans

http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwj4-eannr_OAhWKGCwKHblABZkQjRwIBw&url=http://www.dailynews.lk/?q%3D2016/04/28/local/80108&bvm=bv.129422649,d.bGg&psig=AFQjCNEUrW7n7VIRnUq6iJg8iRD08Rd22Q&ust=1471206682367147
http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwi-uretor_OAhWrKJoKHaQKBLMQjRwIBw&url=http://www.i-gis.dk/Forum/tabid/96/forumid/18/threadid/119/scope/posts/language/da-DK/Default.aspx&psig=AFQjCNFmAflygMEXki6g6w7QEfTFXcIPZg&ust=1471207773829625


Water loss
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Water Savings - California

• In 2015 Governor Brown Issues Executive Order to reduce 
water consumption statewide by 20%

• Framework for Performance Standards for Water Loss Control
• Actions (Lowering non-revenue water, Conservation 

Programs, Recycled, non-potable water).

Ref. SFPUC

https://www.google.dk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwi2toHO4tzMAhUEjiwKHR_6ANEQjRwIBw&url=https://en.wikipedia.org/wiki/Flag_of_California&psig=AFQjCNE9HC-po60UKoDoVymEoLrecz-FUg&ust=1463425372759719


Water savings and reducing water loss
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costumers
”Tax” on high 

water leakage
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First DMA

Advanced pipe 

replacement 

planning

Structural 

change –

pressure mgmt

Residential is 26 gallons/pers/day - reduced by 40% since 
1980’es



Pressure Management

ROI:
 Energy reduction ~ 10 – 40 %
 Pressure reduction = Water loss reduction
 Reduction in breaks frequency = operational cost savings
 Less costumer complaints
 Extended Asset Lifetime 

More pressure zones



Leakage management – optimizing systems

Water 
Metering

Proactive 
leakage 
control

Pressure 
management

Asset 
Management

Data 
Management 

& smart 
controls



Sewer systems 
& resilience
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The baseline

MINISTRY OF FOREIGN AFFAIRS OF DENMARK 25

COMMON CHALLENGES
 MORE WATER (SEA & RAIN)
 MORE DRY PERIODS
 OLD’ISH INFRASTRUCTURE
 GROWING CITIES
 LIMITED FUNDING



Resilient?

MINISTRY OF FOREIGN AFFAIRS OF DENMARK 26



Integrated water management

STRATEGY

PLANNING

SOLUTIONS

MINISTRY OF FOREIGN AFFAIRS OF DENMARK 27

A Clear vision
Holistic approach (Environmental, economic, social)
Collaboration & Common Goals

Risk assement (multiple perspectives)
Follow nature
Multi-disciplinary approach (arhc & eng)
Choosing Cost-Effective Solutions   

Blue-Green Infrastructure
Retention
Conveyance
Trad. Infrastructure
Intelligence & Software



WASTEWATER



From industrial to modern cities
changing the perception of water

MINISTRY OF FOREIGN AFFAIRS OF DENMARK 29



CASE
Marselisborg WWTP Aarhus Water, Denmark

 200.000 PE (1 PE = 0.060 kg BOD/day (= 0.13 lbs/day)
 Designed in the 80’s. Nutrient & capacity demands in the 

90’s.



Energy self sufficiency - electricity

2012: 120% 2016: 147%2015: 121%2014: 131%2013: 128%



How do we 
work?



Workshops

 Leakage management
 Pressure management
 Metering 
Techniques 
AMI 
DMA 
Data collection 
Data analytics
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fact finding

https://travelvisabookings.com/denmark-schengen-visa-in-7-days/
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Danish Water Technology Alliance in North America

Thank yoU!


