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Adapting to climate disruption requires disruptive 
changes in how we think, plan, design, integrate, 

construct, operate, and fund our work.



Water Systems are adapting and expanding their role 
from “service providers” to “resource stewards.”



The natural system assumptions upon which we base all 
water standards, permits, and water use and delivery 

systems may no longer be valid.





Water System Challenges and Solutions from Around the World



Global Water Leaders Group



The 70 Leading Utilities of the World





PUB Singapore’s National Water Agency







Singapore’s Rooftop Gardens



Singapore Desal



Singapore’s Water Cycle



Reverse Osmosis Membranes, 
Singapore



A poster promoting water conservation, Singapore



Ultraviolet (UV) Light Technology, Singapore



Singapore draws wastewater from its sewers to deep tunnels.  The 
wastewater is then treated using microfiltration, reverse osmosis, and 

UV disinfection and discharged to its drinking water reservoirs.



A floating solar panel farm on the Bedok Reservoir, 
Singapore.



Floating Solar PV Panels 
– Southeast Asia

The water provides cell cooling and 
increased energy efficiencies

The Floating Panels prevent evaporative 
losses and protect water quality

Perfect for where land is scarce and/or 
expensive

Net-zero energy for Drinking Water 
Treatment



96 million shade balls

Los Angeles Reservoir



Cloudburst Programme
Copenhagen, Denmark, 2012

Multi-agency, Multi-functionality



Hans Tavsens Park, Copenhagen, Denmark



Hans Tavsens Park, Copenhagen, Denmark



Multi-Functional Urban Spaces in Copenhagen



Water as the heart of the design 
Enghaveparken, Copenhagen

OWI, TREDJE NATUR and Platant



Cloudburst, Copenhagen



Copenhagen’s Harbor

Credit: Wikipedia



Bangkok, Thailand Kotchakorn Varaakhom



Kotchakorn Varaakhom

Chulalongkorn University Centenary Park
Bangkok, Thailand



Bangkok, Thailand
Kotchakorn Varaakhom



Seoul, South Korea Bangkok, Thailand



上海市水资源及海绵城市建设情况
Water Resource Management and Shanghai’s Sponge City Development

上海市水务局
Shanghai Water Authority

SIWW Sp o t lig h t 2 0 1 7



海绵城市：是指通过加强城市规划建设
管理，充分发挥建筑、道路和绿地、水
系等生态系统对雨水的吸纳、蓄渗和缓
释作用，有效控制雨水径流，实现自然
积存、自然渗透、自然净化的城市发展

方式。

Sponge City : Through enhancing urban planning
management to fully utilise buildings, roads, green
lands, water ways and other ecological systems to
absorb, store and drain rainwater . The Sponge City
Initiative aims to control stormwater runoff effectively,
and allow rainwater in each city to permeate, cleanse and
be stored naturally .

Ĺ ⁌ ĺ � � Ƽ ᴛ ʴ ᴇ ʒ Sponge City Concept



Total surface runoff, peak flow, pollution 
control, rainwater usage

• Changing Nature
• Land Reclamation
• Impervious 

Pavement
• Network to 

Discharge 
Stormwater Quickly

• Huge Once-off 
Investment

• Short-term
Planning Only

• High Operational 
Cost

• Low Returns of
Investment

• Conforming to Nature
• River Restoration
• Permeable Pavement

and LID
• Combining surface 

and underground 
storage and drainage

• Distributed
Construction System

• Short & Long-term 
Planning

• Increase Once-off 
Investment

• High Comprehensive 
Benefit

Traditional City 
Development

Sponge City 
Development

Permeation Storage

Detention Purification

Use & Reuse Drainage

Ĺ ⁌ ĺ � � Ƽ ᴛ ʴ ᴇ ʒ Sponge City Concept



海洋大学临港校
Shanghai Ocean University 
(Lingang Branch)
——体现生态环境保护、雨
水综合利用等理念
Dem ons tra te the concep t 
of ecosys tem p ro te c t ion  
and inte g ra te d ra inwa te r 
us ag e

杨浦区新江湾城
New Jiangwan Town, Yangpu

District
——体现海绵城市建设理念

Dem ons tra te the concep t

of Sponge City

世博园区Shanghai Expo Park

——建成雨水利用、低影响

开发理念示范区
Build p ilo t s ite s  

d e m ons tra t ing ra inwate r

usage and LID conce p ts

Ĺ Č ĺ ꞉ ̯ ꞈ ۤ Examples of Sponge City Sites











The Water Square in Benthemplein

Rotterdam’s response to the dual need for 
open recreational space and places to store water during heavy rain events



Dubai Electricity and Water Authority (DEWA)

• 100 % DESAL WATER from clean energy technologies by 2030

• Solar power
• Waste heat
• Hydroelectric 

• World’s largest strategic reserve of DESAL WATER 

• 6,000 MIG
• Geophysical / hydrogeological field studies
• Inject DESAL WATER into subterranean basins
• Use when needed as an energy reserve 



Egypt’s  Desal  Plan:
$15 Billion, 30-years  





Green City, Clean Waters





How do you stop flooding and overflowing pipes?

• Make it stop raining so much 

• Increase grey infrastructure capacity

• Stop putting rainwater in my sewer

“Once rainwater enters the sewer inlet, it turns from a 
resource into a waste product.”



Belarus Nuclear Power Plant #2 about to go online

The Anacostia 26’ Diameter Tunnel about to go online

Do we expand capacity 
or reduce demand?



The Geography of Water Affordability

Elizabeth A. Mack (MSU, 2017)



Time 25 years

DECENTRALIZED
INCREMENTAL
ADAPTABLE
FLEXIBLE

GSI vs CONVENTIONAL



Stormwater Planters
Columbus Square
Philadelphia, PA

• Communities
• Transit 
• Rivers & Streams
• Parks
• Schools
• Streets
• Businesses
• Parking lots
• Universities

One Water, One City, Many Places

Changing the Paradigm by which Water Utilities service their cities



Leveraging Water’s Capital Dollars for 
Urban Sustainability, Resilience and Social Justice 



Water, Gravity, and the Incline of our Cities

PHOTOLOPE JESSICA GRIFFIN / Staff Photographer, Billy Penn



McPhillips and Masters



Photo Credit: Pennsylvania Horticultural Society

Green Inlets

To Sewer

To Park

Cliveden Park, Philadelphia



Penn Park











Philadelphia’s 25-year Green 
Stormwater Infrastructure Program
 10,000 Green Acres

 No Storage Tunnel

 Meet EPA mandates

 Triple-bottom-line economics 

 $2.4 billion vs. $9 billion

 Upgrades the existing sewer system 

 Institute Parcel-based Stormwater Fees

 Establish SW Development Regulations

 Offer Grants / Incentives for Private Retrofits

 Public engagement

 Adaptive Management

 Water Equity, Environmental Justice, Jobs



Green City, Clean Waters
Consent Order and Agreement / Administrative Order for Compliance on Consent

25-year, $4 Billion Implementation Program

9,564
Greened 

Acres

Water Pollution Control 
Plants and Collection 

System Enhancements

14.5 mi
Interceptor 

Relining

85% Volume Reduction

85% Mass Removal

Year Greened Acres Square Miles
%  Impervious

cover managed
5 750 1 3%

10 2,100 3 8%
15 3,800 6 14%
20 6,400 10 23%
25 9,600 15 34%





1230 3060 571010000 Green Acres



GSI in Philadelphia: January 2021





2021 Grants:  $125k / GA



GSI Projects: March  2019



“Philadelphia has earned 
its place as a national and 
global leader in sustainable 
innovation and clean water 
production.”

-EPA Administrator Lisa Jackson



Driving Green Innovation





PHILADELPHIA WATER DEPARTMENT | GREEN CITY, CLEAN 
WATERS

There are many differences between Green City, Clean 
Waters and other green stormwater programs

Funding

Staffing

Jurisdiction & Authority

Physical landscape & existing 
infrastructureRegulatory requirements

$



(don’t forget about climate change)

Integrated Management



We are building the plane 
while we are flying.

-Gerald Bright, PWD GSI Maintenance Expert



Keys to GCCW Success

• Create a vision and find the political will

• Lead in technology, expertise, and passion

• Be patient and think long-term

• Leverage partners, funding, expertise

• New development / redevelopment standards

• Raise awareness and communicate

• Identify multiple cross-program benefits

• Become the voice for environmental advocacy

• Reduce poverty, improve quality of life

• One city/one region/one water policy

• Educate ratepayers/bondholders on the benefits

• Strengthen institutions, legislation, and regulation

• Commoditize rainwater through fees and credits

• Demonstrate, innovate and then set standards

• Nurture a new sustainability industry

• Transdisciplinary workforce

• Create a technology/knowledge clearinghouse

• Adaptive Management 

• Leverage capital spending

• Build trust – one person at a time



Areas needing new thinking / innovation

• Continuous improvement of GSI techniques

• Optimizing Flood Relief, Scarcity, CSOs and River Water Quality

• Co-benefits vs Co-funding

• Distributed systems

• Making rainwater a commodity through True cost pricing

• One Water Integrated Planning



Image Kadir van Lohuizen



Thank you for listening!
Have a great conference!

Questions?

hneukrug@upenn.edu

Social Media
@WaterCenterPenn

@WaterCenterPenn

@WaterCenterPenn

The Water Center at Penn

mailto:hneukrug@upenn.edu
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