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Integrated Urban Services
Regional Launch Event

August 11th and 13th 7:00-9:00AM (GMT+7)
August 10th and 12th, 8:00-10:00 PM (EDT/GMT-4)

A program of the US-ASEAN Smart Cities Partnership to sustainably secure energy, water,
and food for the region’s municipalities through regenerative approaches

NREL/PR-7A40-80726
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Day #1 Meeting Agenda

Welcome and Introduction
- Opening Remarks: William Flens | Director, Office of Multilateral Affairs | U.S. State Dept.
« Climate and Clean Development: Dr. Jill Engel-Cox | Director, Joint Institute for Strategic Energy Analysis | NREL

Setting the Stage: Background and Rationale for IUS Program
« Overview of U.S. ASEAN Smart Cities Partnership: Helen Santiago Fink | Program Manager, USASCP | U.S. State Dept.
« 1US Project Overview: Jennifer Daw | Principal Investigator, IUS Project | NREL

« Nexus Fundamentals: Dr. Josh Sperling | Urban Futures-Energy-X Nexus Engineer | NREL

Panel #1: Common Challenges and Global Success Stories
* Moderator: Carol Lynn MacCurdy | Water Policy Advisor | U.S. State Dept.

« Prioritizing Sustainability Actions at the Urban Food-Energy-Water (FEW) Nexus: Anu Ramaswami, Ph.D. | Professor of Civil and Environmental
Engineering | Princeton University

« Lessons Learned from San Francisco: Paula Kehoe | Director of Water Resources | San Francisco Public Utilities Commission
- Integrated Urbanism: Dr. James Moore | Global Solutions Director, Cities & Places | Jacobs
- Q&A

Panel #2: Voices from the ASEAN Region

« Moderator: Helen Santiago Fink | U.S. State Dept.

« Realizing Smart Cities: Venkatachalam Anbumozhi, Ph.D. | Senior Energy Economist | Economic Research Institute for ASEAN and East Asia
« The Potential Role of Co-Innovation in Developing Smart City Projects: Navjeev Singh | Development Partner | Enterprise Singapore

« ASEAN Australia Smart Cities Trust Fund (AASCTF): Elizabeth Jung | Urban Development Specialist | Asian Development Bank

- Q&A

Day 1 Closing

Photo by Dennis Schroeder, NREL 39968
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Day #2 Meeting Agenda

Opening Remarks and Day 1 Recap
« Jennifer Daw | NREL

Pilot City Projects and Key Milestones
« Parthiv Kurup | Pilot City Lead | NREL
- Q&A

A Tale of 3 Cities (Panel)
« Moderator: Helen Santiago Fink | U.S. State Dept.

« Restoration of Vernacular Urban Food Systems for Resilient Asian Cities: Dr. Makoto Yokohari | Professor, Graduate School of
Engineering | University of Tokyo

« Lessons from the Los Angeles 100% Renewable Energy Study: Dr. Elaine Hale | Senior Research Engineer | NREL
- Regenerative Cities: Thomas Hussey | Director, Urban Design & Planning | Skidmore, Owings & Merrill
- Q&A

ASEAN Smart Cities Project Themes and Insights
+ Dr. Josh Sperling | Urban Futures-Energy-X Nexus Engineer | NREL
+ Q&A and Polling

Closing and Next Steps
« Jennifer Daw | NREL
- Helen Santiago Fink | U.S. State Dept.
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: NIREL National Renewable Energ

Transforming ENERGY

Mission: NREL advances the science and engineering of energy efficiency, sustainable transportation, and renewable power
technologies and provides the knowledge to integrate and optimize energy systems.

Example Technology Areas: www.nrel.gov/about
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* 2,900 employees and postdoctoral researchers, interns, and visiting professionals

* 327-acre main campus in Golden & 305-acre Flatirons Campus with National Wind Technology Center 13 miles north
* 69 R&D 100 awards. More than 1,000 scientific and technical materials published annually


http://www.nrel.gov/about/

Economic Prosperity WWW.jisea.org

J I S EA 3 @JISEA

Joint Institute for p Supply
Chain
Systems

Strategic Energy Analysis

Connecting
technologies, economic
sectors, and continents

to catalyze the transition

to the 21°t centur )% Resilience | Ecosystems Sustainability
energy economy.

Founding Partners:
" N RE L COLORADOSCHOOLOFMINES @ Illil- Stanford University of Colorado
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Energy-Water-Food Nexus is Central to Sustainability

Water is needed to
generate energy.

Agricultural land is needed to
produce energy: solar, wind,

biofuels, and traditional fuels.
Energy is needed to
extract, treat and

distribute drinking
water.

Energy is needed for
food production and
transportation.

Land use decisions Water is needed to
impact water quality grow food crops and

and availability. support livestock.
NREL | 8



Renewable Energy = . PR

Renewable Sustainable Energy Energy Systems
Power Transportation Efficiency Integration

Solar Bioenergy Buildings Grid Integration

Wind Vehicle Technologies Advanced Hybrid Systems

Water Hydrogen Manufacturing Security and Resilience
Geothermal Government Energy
Management

NREL | 9




Water Syste
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Water Modeling and
Analysis

v' System co-
evolution and
performance

v" Focus on resilience
and efficiency

Water-Grid Integration

v'Renewable-
integrated desalination
technologies

v'Co-optimizing
flexibility of water
systems and electric
system

Advanced Water
Treatment

v' New water filter
elements and
membranes

v" Low-cost, roll-to-
roll manufacturing

Decision Science and
Support

Water Technology
Validation

v" Hardware-in-the-
Loop simulation and
validation at scale

v" Field and pilot
demonstration

v Policy, finance, and
economic technical
assistance

v Innovative system
designs



Food and Energy

Agrivoltaics:

* Growing food crops and graze animals
under solar and wind energy
infrastructure

* Cooler microclimate increases PV
efficiency and can increase crop yields

* Multiple income streams for farmers

Controlled Environment Agriculture

* Greenhouses with energy generation
and low water use for high value crops

* Used for both urban and rural
agriculture

Floating Solar

* Conserves land and reduces water
evaporation

* Possible co-locations with fish farming




Considering people, profit, planet for
just and equitable energy transitions

Sustainable Cities & Communities

=~.________ State and Local Planning for
Energy (SLOPE) T— | Mobility Energy
Supports data-driven clean energy i uﬁ':_t':i‘lt | p“ Productivity Metric (MEP)
planning by delivering jurisdictionally- g Measures how effectively an area’s
resolved energy eff|C|enc.:y, renewable R i, _ o ¢ %, transportation system connects
R TR ENErgy, and. (soon) sustainable 9 . I|L . 9 people to goods, services,
,,,,,,,,,,,,,,,,,,,,,,, by county, Business as Usual Case tra nsportatlon d ata N 4 > Py

employment opportunities, and
other activities, accounting for time,
cost, and energy

LA100 and other Cities

N A7 7S
\ H)@) 100% Renewable Energy Studies,
17\ L N\L including environmental justice,

The Los Angeles 100% Renewable Energy Study air quallty’ Water' food' grld
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Low-Inco.n.1e Energy =] e - e DTN 0 optimization (URBANopt)
Affordability Data (LEAD) Tool U ewl ol - Ooesumme—nmiassnc e Advanced analytics platform that
Energy burden, housing type, vintage, - “ N T ¥ W provides energy efficiency and
LEAD tenure data down to the census tract o ' = energy systems information at the
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Integrated Urban Services
Program Overview

* Program under the United States-Association of Southeast Asian
Nations (US-ASEAN) Smart Cities Partnership to help ASEAN
cities build resilience in their energy, water, and food systems.

* The 3-year program is funded by the U.S. State Department and
led by NREL.

* The program will demonstrate the socio-economic value and
urban benefits of resource recovery and reuse through
integrated systems that promote greater efficiency, improve
water and energy security, and mitigate public health concerns.

* The program will incorporate market-based approaches,
business plans, and peer learning to create the enabling
environment necessary to attract public and private investors.

More information:
https://www.nrel.gov/international/integrated-urban-services.html
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NREL Project Team

Jennifer Daw

Jeff Gingrich
Principal Investigator Project Manager

jeffrey.gingrich@nrel.gov

Josh Sperling, Ph.D. & " N I !E L

NATIONAL RENEWABLE ENERGY LABORATORY

jennifer.daw@nrel.gov

Parthiv Kurup
Pilot City Lead
parthiv.kurup@nrel.gov

Senior Researcher
joshua.sperling@nrel.gov

Bethany Speer

Senior Researcher, Private
Sector Engagement

Sherry Stout
Senior Researcher, Resilience
sherry.stout@nrel.gov

bethany.speer@nrel.gov
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Project Approach

Phase 1: Phase 2: Phase 3:

Engagement Capacity Building Peer Learning

Case Study Development

Regional Workshop(s) Pilot City Selection & Peer Learning

bDbeooooo
0000

Capacity Building, Technical

Private Sector Assistance, & Business Plan Development
Engagement

Establish
Experts Group &
Community of Practice



1. Engagement

¢ @

Host regional workshop to provide information on the
project, regional challenges and EWF system needs

Understand EWF priorities and project
implementation barriers in the region

Connect with international, regional, and
local stakeholders and private sector organizations

Conduct surveys and dialogues with stakeholders
and private sector

Establish an Experts Group and Community of
Practice




IUS Experts Group

American International Group, Inc. (AlG)
Valerie Wilson, P.E.

Global Senior Technical Advisor — Energy
and Oil Rig

Jacobs

Dr. Rick Robinson FBCS CITP FRSA AoU
Director - Smart Places, Telecommunications
& Digital Infrastructure

Skidmore, Owings & Merrill
Douglas Voigt, AlA, AICP
Partner

Asian Development Bank

Elizabeth Jung

Urban Development Specialist (Young
Professional)

Japanese Government or Academic

Dr. Makoto Yokohari

Professor, Graduate School of Engineering,
University of Tokyo

U.S. Agency for International Development

Kevin Nelson

Urban Governance Lead Governance Team Center
for Democracy, Human Rights and Governance

East Bay Municipal Utility District
Alicia R. Chakrabarti, P.E.

Manager of Wastewater Environmental
Services

Princeton University

Dr. Anu Ramaswami

Professor of India Studies | Civil and
Environmental Engineering

US-ASEAN Business Council
Bernard Baskin
Director of Development, Sustainability, Energy

ERIA

Venkatachalam Anbumozhi

Senior Energy Economist | Director of
Research Strategy and Innovation

Regenerative Impact Ventures
Jan David Mueller-Volmer, Lead, Project
Structuring & Finance

U.S. International Development Finance
Corporation (DFC)

Geoffrey Tan

Managing Director, Asia Pacific

Community
of Practice | .

* Individuals and organizations interested in staying engaged and informed about the IUS
pilot projects and future opportunities to support the program

Email Jennifer Daw (jennifer.daw@nrel.gov) or Jeff Gingrich (jeffrey.gingrich@nrel.gov) to join
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2. Capacity Building

¢ O

Provide technical assistance for 2 pilot cities to
support implementation of circular, regenerative EWF
system pilot projects through:

* Technology solutions

Procurement best practices

Modeling, analysis, and visualizations

Policy and implementation strategies

Business planning and project finance

Outcome: Business plans to help pilot cities turn goals into
action by identifying tangible next steps with engagement
of private sector partners.




How to Apply

One Application Per City

Ideally through a partnership
model with different parties,
including at least 1 utility

Application Opens
31st August 2021

Application will follow this
workshop

Why should you apply?

Targeted EWF solution for your city

Actionable steps after the assistance

Apply by

25th October 2021

Reach out for help as needed for
your application

Future potential access to green climate funds to take the solutions to implementation



3. Peer Learning

* Facilitate sharing and peer-to-peer exchange of
lessons learned and best practices to help decision
makers in the ASEAN region overcome obstacles to
adopting integrated EWF systems.

* Lessons learned and best practices will be captured
through technical assistance activities and shared at
regional peer learning events and trainings.

* Regional information dissemination is aimed at
helping scale implementation of integrated,
regenerative EWF solutions through public-private
and multi-sectoral partnerships.




x X X

U.S.-ASEAN Smart Cities Partnership
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Integrated Urban Services (IUS)

Setting the Stage: Urbanization and Water-Energy-Land-Food Nexus Fundamentals for the IUS Program

Josh Sperling, Ph.D., IUS Senior Researcher | Urban Futures & Energy-X Nexus Engineer

National Renewable Energy Laboratory | New Concepts Incubator




ASEAN Smart Cities:
Key Opportunities?

Most Asian cities do not have effective wastewater
treatment systems. In the Philippines, for example,

only 10% of wastewater is treated while in Indonesia the
figure is 14%, in Vietnam, 4%, and in India, 9%.

(2012 Source: Fast Facts: Urbanization in Asia. ADB)

An additional 70 million people are expected to live in urban areas in ASEAN
by 2025

Urban share of country's population, 2015-2025'

iy
A0

2015
100 100 W 2025
This would add

70 million people
1o urban areas

Singapore Brunei Malaysia Indonesia Thailand Philippines Viet Nam Lao PDR Myanmar Cambodia ASEAN
Darussalam total

Increase in urban population, 2015-25

000000000 0O0

1 Urban population refers to peophe ling in urban areas as defined by national statistical offices.
SOURCE: United Nations Department of Economic and Social AMairs Population Division Word Uvbanization Prospects 2018; Teamn analysis

Water Resource Recovery Facility of the Future
Energy Positive and Beyond: The Vision for Transforming Wastewater Treatment

Energy Efficiency and Resource Recovery
Facilities will use energy-efficient operations to recover water, energy,
and nutrients as well as to produce clean water and other products.

(e

Integrated Production
Facilities will produce clean water, energy, other water
grades, and a slate of products for industry, agriculture, etc.
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Smart Systems
Sensors, software, and advanced Outcomes

devices monitor volume and content * Healthy environment
of incoming streams, inform plant
operations, track performance, and
verify output safety and quality.

* Renewable energy supply

» Reduced carbon emissions

* Economic growth

* Vibrant and green communities
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Engaged & Informed Communities
Officials, industry, and the public will manage demand and waste better, support resource
recovery goals, and contribute to integrated solutions for water, energy, and food supply.

Source: NSF, US DOE, EPA, 2015.


https://www.adb.org/sites/default/files/Urbanization-fast-facts.pdf

Nexus and Urbanization Fundamentals for Livable, Smart, & Sustainable Cities:
Three Key Messages

1. Energy-Water-Food-Waste-X Nexus: dynamic interplays in urbanizing contexts

2. ‘Leapfrog’ Opportunities & Stability for All: as underserved communities in focus

3. Energy, Cities, Climate: arenas for SDG action to 2030; next goals & key gaps? IUS?
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Energy-Water-Food (EWF)-Related Risks and Interdependencies Under Changing Conditions —

Our Cities (and Disadvantaged Communities) as ‘Hotbeds’ of Risk & ‘Seedbeds’ of Innovation

Human use of fossil energy Climate change is exacerbating
infrastructures in cities and «> current water stresses and
related GHG emissions is has significant implications
causing climate change for all services

o . High levels of pollution and
These challenges are significant, interrelated population density exposed to

and critical to innovating at the energy-water- pollution impacts influence health+
economic outcomes for cities

Rising infrastructure and
resource demands leading

to inadequate basic urban
infrastructure services food nexus in cities and communities, globally.

Declining water availability is already

limiting food & enerqgy choices; while
<«—> power outages result in lack of access to

quality basic services & health impacts

Energy shifts to mitigate CC may
also pose new risks to water & energy
— quality, quantity, accessibility,
reliability




HWH

Urban Water &

Expansion Urban Area Wastewater
Management




Population (in millions) ® Asia @ Rest of the world

1980 -

MNew York
Mexico City
Sao Paulo

Recent Urbanization:
Megacities in 1980

® New York | # Tokyo
® Mexico City

® S0 Paulo

0 10 20 30 40
Source: UN, World Urbanization Prospects: The 2009 Revision



@ Rest of the world

1 990 . Population (in millions)

MNew York
Mexico City
Sao Paulo
Mumbai
Osaka-Kobe
Calcutta

Los Angeles
Seoul
Buenos Aires

0 10 20 4 30 40
Source: LN, World Urbanization Prospects: The 2009 Bevision



2000

Mexico City
MNew York
Sao Paulo

Mumbai
Delhi
Shanghai
Calcutta
Buenos Aires
Los Angeles
Osaka-Kobe
Rio de Janeiro
Dhaka
Cairo
Karachi
Moscow

Population {in millions)

® Asia @ Rest of the world

Source: UN, World Urbanization Prospects: The 2009 Revision



2010 .

Sao Paulo
Mumbai
Mexico City
New York
Shanghai
Calcutta
Dhaka
Karachi
Buenos Aires
Los Angeles
Beijing

Rio de Janeiro
Manila
Osaka-Kobe
Cairo

Lagos
Moscow
Istanbul
Paris

Population (in millions)

0 10

® Asia @ Rest of the world

3 30 40
Source: UN, World Urbanization Prospects: The 2009 Revision
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Our Common Humanity: Human-Ecological
Resource Security & Our Common (Urban) Future

(0)
O O=C

Figure 2. Level of urbanization in ASEAN countries

Source MG, 2018 Southeast Asia: A tala of cities
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Why focus on the Urban Nexus, Circular
Economy, & Regenerative Approaches?

() () (@
&9

* Global population is majority urban, with ‘urban nexus’ as a
response to multiple urban system challenges: inefficiencies,
inadequate infrastructure, resource shortages, affordable
living settlements, socio-economic issues,
environment/climate impacts

* Rapid urbanization / rising consumption is happening in
areas with already strained EWF provisioning systems, and
facing poverty and increased climate-related stresses/shocks

* Circular economy, regenerative approaches integrate multiple
opportunities to move from scarcity to abundance: integrated
systems thinking, advantages of closed-loop systems for
resource recovery, reuse, to ecological resilience; identifying
key co-benefits, synergies (& tradeoffs) of various actions /
decisions

Nested
Urban
Nexus
/
Resource securty, whole-of-government .
nter-state confict Lehmann, 2018. Implementing the Urban Nexus

Globel approach for improved resource-efficiency of

Planetary boundanes, scarcly, supply chamn, geopolics cities in Southeast-Asia.

Circular, net-positive,
eliminating \
waste/emissions, and i iy
“Creating more than

consuming”

( 80-90% Mohtar,
emdin )\ 2016

Strategic Importance of the Nexus

. . . A Energy Security
What is Regenerative Urbanism? us.
Regenerative urbanism represents a paradigm shift in urban centric
innovation. It uses living systems as a metaphor and mode| for

inspiring more productive, resilient, and equitable urban places,

regenerative communities generate net positive impacts by:

Economic Competitiveness

Environmental Responsibility

+ Creating more resources than they consume, ensuring critical
resources are secure and affordable for decades to come

+ Eliminating waste by managing materials, nutrients, and water UgS. . .
within a circular metabolism maodel Global Geopolitical Stability )
+ Eliminating pollution by powering all buildings and vehicles with Bakh tICIn,
renewable ener;
. VY Human Development 2015

+ Cultivating abundant healthy food within the community



Emerging History of Urban
Nexus & Resilience Projects
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Participating SE Asia Countries: Indonesia, Vietnam,
Thailand, Philippines

A ‘Tale of Four Urban Nexus Cities’ & Initial Case

Study Applications:

Naga, Philippines: Partnership of Sectors and Levels
of Local Govt; Low-Cost, Climate-Adaptive, Efficient
Tech Integration; Wastewater into Renewable Energy

Pekanbaru, Indonesia — Profit-generating solid waste
to energy (methane gas collection and energy
generation) that feeds electricity into the grid

Da Nang, Vietham — Wastewater treatment
producing biogas & fertilizer

Nashik, India — 4 pilot projects: energy-efficient
water pumps for agriculture, along with rainwater
harvesting, groundwater recharge, and biogas
development for FEW security across four urban and
peri-urban sites

(See Lehmann, 2018 for case study details on Naga, Pekanbaru, Nashik)
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Integrated ...

» Human and Environmental Health
+ Economic Vitality and Individual Prosperity
* Energy

* Housing

+ Nutrition and Urban Rural Linkages

» Mobility and Access

« Communications

» Education and Culture

» Governance and Civic Engagement
» Water

+ Materials and Waste

+ Ecological Footprint

The Urban NEXUS is an approach
to the integrated design of sustainable
urban development-service solutions.

The approach guides stakeholders to:

Identify/pursue possible synergies of sectors,
jurisdictions, technical domains

Increase institutional performance, optimize
resource management, and services quality

It counters traditional sectoral thinking, trade-
offs, divided responsibilities that often result in
poorly coordinated investments, increased costs,
underutilized infrastructures & facilities.

Urban NEXUS approach ‘ultimate goal’:
to accelerate access to services, and to
increase service quality and quality of life
within our planetary boundaries.

UN ESCAP, 2016. The Urban Nexus: Conceptual
Framework and Linkages to Global Agendas.



2012 to 2019 US Awarded Coordination Projects on Urban Nexus Themes

1.

2.

Network on Sustainable Cities: People and Infrastructures at the Energy-Water-Climate

Nexus (www.rcnsustainablecities.org)

City-as-Lab: FEW Nexus for Sustainable, Resilient Urban Development (urbanfew.net)

* Australia, EU, Asia, Latin America

Termpe/Phosnix (ASLI): Spring, 2014

For msors. inh 1 W som

RCN SUSTAINABLE CITIES: PEOPLE AND INFRASTRUCTURES AT THE WATEH—ENERG‘_(-GLIMATE NEXUS
Research Collaborative Network Student Workshop - Phoenix/Tempe, Arizona (ASU) 4.25-4:30.14

OQutputs: Ph.D. Collaborative Methods Guide, Conference Abstract{s)/Papern(s), Draft Jul.lma'IArﬁﬂa[s}

EXPLORING INTERDISCIPLINARY COLLABORATIVE METHODS:

Addressing Inequities & Reducing Risk for Advancing Sustainable City Goals

What? A PhD/Post-doc interdisciplinary methods and

equity-focused workshop refated to the RCN's focus on
reducing energy / emissions and climate-risks to water

supply and health in cifies.

Why? ~-15 workshop participants from ~10 US
universities will meset to foster collaboration and explore
interdisciplinary research methods, educational

experiences, and interests refated to reducing risksand <!

addressing equity, one of the 3E's often guiding
sustainable city efforts.

Activities? Conference abstract speed dating,
brainstorming, short presentations, hiking,
conversations, and breakout activities focused on
collaboration around the challenges and opportunities
for advancing social equity through sustainable cities

research.

-~ Sustainable and Equitable

Cities: Reducing Risks &
Disparities for Sustainable

, Urban Futures

. Where? The workshap will mest at ASU,

the US's largest university and located in the

" center of the Phoenix metropolitan area.
- With a population that has tripled in size

over the past 20 years to reach & million
{50% of whom were bom outside the
region), Phoenix's rapid growth parallels that
of developing countries.

Qutputs: PhD collaborative methods

. guide, conference abstract(s), draft journal

article(s), interaction & learning.

D. Boyer, S. ® Boston
Brodie, E. ® Denver
Stokes, A. e Lima
Zomer, J. e Medellin

Sperling. 2015. ¢ Ho Chi Minh

integrate / reduce risk for diverse populations

ﬂL
RCNMN :SUSTAINABLE CITIES

CITY AS LAB

* Focus: reducing energy use, GHG emissions, mitigating risks to water security + public health/economy in cities

Global Methods and Tools for e Mumbai
Equitable AND Sustainable CITIES ® Nairobi
. N e Phoenix
Comparative assessment/implications for cross-
. . e Tallahassee
sector infrastructure systems and policies that e Beiiing

Implementing
the Ur.'ban Denver, Colorado, USA
Sustainable Pop: 0.65M
Deve!opment Pop Dens: 3922 per/km?
) Per Cap Income: $32,597
Goal in Atlanta | % <Poverty Line: 18.9%
and Delhi.
UGEC -
Vi int Phoenix, Arizona, USA
fewpoints. Pop: 1.5M
Pop Dens: 2798 per/km®
Initial IO Per Cap Income: $24,110
nitia E | 9 <poverty Line: 21.8%
indicators: CILRM
Medellin, Colombia
Land . Pop: 3.5M
Consumpnon Pop Dens: 3001 per/km?

vs. Pop. Growth
Rate, Waste,
Air Pollution,
GHG, Resourcg

o e
- - 1
¥

Per Cap Income: 55,547
% Slum Population:

Boston, Massachusetts, USA Beljing, China
Pop: 0.65M Pop: 19.6M

Pop Dens: 11,500 per/km?
Per Cap Income: 56,400
% ‘Floating’ Population: 8%

Pop Dens: 12,793 per/km?
Per Cap Income: 533,589
% <Poverty Line: 21.2%

Pop: 0.2M Pop: 8.0M
Pap Dens; 1809 per/km?

Per Cap Income: 524,200

Mumbai, India

Heo Chi Minh, Vietnam

Pop Dens: 9,450 per/km?
Per Cap Income: 55,100
% Slum Population: 26%

£ % <Poverty Line: 30.1%
: : 7| Pop: 20.5M

% Slum Population: 54%

Pop: 3.2M !

Pop Dens: 4850 per/km?
Per Cap Income: $930
% Slum Population: 22%

Lima, Peru
Pop: B.5M
Pop Dens: 14010 per/km?
Per Cap Income: 58024
% Slum Population: 36%

Pop Dens: 31,700 per/km? -
- | Per Cap Income: $2,845 \‘*

i
Coe

o

[ARIZONA STATE
UNIVERSITY

Key Concluding
Questions:

Who collects
city data to
inform goals,
targets, &
decisions?
How well do
indicators
capture
{smart and
sustainable)
city goals?
Challenges &
opportunities
of universal
SDG
indicators —
tensions of
universal vs.
locally
appropriate
implementati
ons




NREL New Concepts Incubator: Looking Back, Looking Forward... Defining a Process for
Urban Nexus Innovations

URBAN X
O @O O

Information Community Data Thought Co-Design Analytical
Engagement Research Leadership Change Insights
Connect Integrate Inspire Implement Validate
| i
! THE WAYS WE CAN ENGAGE
VISION .
A convergence of humans-in-the-loop and urban ¢
sustainability approaches toward integrating critical Design PPoIlcy
knowledge, data, tools, and design best practices |i\ i ] ;ﬁ; wilicy
that can be leveraged and shared across sectors and WSO BOAD
domains to support energy systems and services e .
that reduce environmental impacts, improve quality U R B A N X Regional fERen Industry
of life and create sustainable urban systems. EXTENDED BOARD
MISSION ey
Towards energy systems, infrastructure services, anrmn T g
for sustainable, healthy and resilient cities Operaiors Network
University
QOUR APPROACH is
|
Interdisciplinary « Human-Centered « Systems Oriented
l
Research ...Objective and credible ...capacity building ...to guide design of
data, tools, and analysis at the science-policy human-centered energy
for integrated interface systems & urban services
insights/knowledge




URBAN NEXUS INNOVATION

AN INNOVATION PROCESS ACROSS SYSTEMS, SCALES and CONTEXTS

DEVELOP SYSTEMS ® 2 [ [] @ e @ e 0 @ [ ] [] DEFINE oL
s \ & 2 s 1 | N . a
crr = TOL L TT R TTY BT S TRNS L X TT X IT TR e
£ ] ) e 8 e @ "
TN IMITIRNII NI
4 . . People
Social Identify urban energy opportunities
Economic
Explore most important upgrades to energy systems and Houscholkds
related infrastructure services for improved quality of life.
Building/
Technological o m o o o . . . Infrastructure
Wnerl Transportation Pmer Buldingl Manufacturing hbmﬂimand Multi-Building/

Tedmiogies Infrastructure
Define and measure sustainability

Campus

Urban Heat Islands

LAND WATER AIR D

Extreme

Ecological Green House Gas

Pollution

Governance
City

Explore and design integrated technology, planning, policy, behavioral change and
finance pathways to address 2 1st century energy, city and climate change challenges

NREL, 2016

Case Study Examples:

CARIBOU

CSU Spur Hydro - Urban agricultural methods that are water
efficient: aquaponics, hydroponics (with LED Grow lights), and
vertical, ‘smart’ greenhouses;

National Alliance for Water Innovation: municipal wastewater
treatment technologies for fit-to-purpose reuse, drinking water,
energy generation (methane), and enabling
mineral/nutrient/water recovery; city/utility- level optimizing
WWTP sites/selection of plants for energy generation potential.

Innovative energy technology and policy solutions - e.g. utilizing
waste from fish farms, biomass waste, or floating photovoltaics
for energy generation; implementation of co-located solar
agriculture for financially self-sustaining areas; coherence of
national to regional level water, energy, urban and agricultural
policies; ‘smart greenhouse’; integrated service hubs

https://cariboubiofuels.com

HOME TECHNOLOGY IMPACT BUSINESS

Bomass can be used to pOGUCE
rorurmnbie fuels, power, and
averyilay pO0uCts khe plstic

There is ssgnaficant potential to turn
warstes such as plant material left
over aftar harest, sewage Sudgs,
and the onganc poron of gebags
into bicenergy. Dvertng these

0 Economic Impact

BiCOased ACTelies N already
Eenoraied more than $48 bitkon n
revenue and 285,000 jobs. Estimates
hat's encugh 1o 18 & 16400t Rathed
truck SEackied Uy up 1D the moon



https://cariboubiofuels.com/
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One billion people
live in slums and
informal
settlements today.
This number is
expected to double
by 2030.

' ’

~
&
-

A decentralized, closed-loop
model of spatial planning and
peri-urban service provision that
harnesses inclusive innovations
at the nexus of energy, water,
food, and other urban systems
to accelerate service access,
enhance resilience, and
improve living conditions
through market-based, data
driven approaches.

Piloting a Renewable Energy, Nutrition, Environment, Water,
and Waste (RENEWW) Innovation Zone Model

UN Habitat General Assembly | May 27, 2019




IUS or Urban Nexus Design Principles

* Engineering - 12 Green Design Principles
(#12: Renewable Rather than Depleting)

Integrated Urban Services (IUS)

* Planning - AlA Livable Communities 10 Principles

» Easily available, low-cost, high-nutrient food and (#1: Design on a Human Scale)

safe drinking water » Policy/Governance - Ostrom’s 8 Design Principles
* Renewable electricity and fuels (#7: Allocate Authority at Multiple Levels)
* A multi-use green space « Behavioral Sciences - 8 Principles
. |mproved sanitation Systems (#2 Understand Situation from the Actor’s PeI’SpeCtive)

* Local employment / training opportunities
* Community management & governance

* Opportunities for related micro-businesses
* Resource-efficient behaviors

* Reduced risk: heat, floods, drought, COVID

* Well-planned urban service extensions

Integrated IUS concepts that can help to scale
successful technology, planning, policy,
business/finance, & governance models and for
service areas that will have an ability to expand or
self-replicate with cross-sectoral planning, design and
decision-making teams




Considering Multiple ‘Smart Sustainable City’ Leapfrogs - Capacity Building, Mentoring
Next Generation, and Peer-Learning on New Integrated Practices & Investments

k]
L] Efficiency &
Renewables
‘Fossil Energy
Fuels Leapfrog
E-]

® Shared-Electric-
On-Demand

“Private Mobility Mobility
Gas Vehicles Leapfrog

E
. Healthy, resilient,
abundant economies
Polluted,
resource- 'Sharing/Caring'
scarce Economy as a
economies Human Security
Leapfrog
Realized Holistic Integration
Increased across Sectors and Scales of
Integration of Technical and Non-Technical
Two or More Inputs Towards Sustainable
Siloed Sectoral Sectors from Smart City Outcomes with
Planning, Take-Make- reduced inequalities and risk
Decisions, & Waste to
Investments Circular Urban Nexus (or
Economy

IUS) Leapfrog



Thank you. Questions? Joshua.Sperling@nrel.gov

Three Key Questions
(adapted from Pierce, 2021)

1. Will nexus, IUS, smart city innovations remain
dominated by “technical” considerations, or
will governance/ finance become more
prominent?

2. Will combinations of social sciences, natural
sciences, engineering, design and planning
“acknowledge and recognize the political
nature of resource use and governance”?
(Wiegleb & Bruns, 2018)

3. “Nexus approaches may reproduce existing
inequalities in resource allocations and power
structures unless research and policy carry a
fundamental critique of these very
inequalities” (Artioli et al., 2017) --is there a
role for and benefits to underserved
communities?

j CLEAN ENERGY
a

ASSISTING COUNTRIES WITH CLEAN ENERGY POLICY

Case Studies of Policy & Governance Integration -
NREL Nexus Resource Portal

Integrated Approaches

The integrated approaches topic considers
S o L U T I o N s c E NT E R actions that affect all three sectors of the
energy-water-food nexus. This section presents
an integrated perspective on models and tools,
polices and plans, resource security and
technology solutions that facilitate nexus
thinking or problem solving in support of
sustainable development. Using an integrated
approach ensures the interests of each sector are
fairly represented and that no sector is short-
changed in development decisions. Learn more.

Single access point for EWF nexus info:
— policy best practices

* Models and Tools

— models « Policies and Pians
o Ecosystem Services
— tools & Landiss
. . . o Resiliency Flanning
Educates policy makers on importance, drivers, " o oo
challenges, and opportunities associated with the EWF J———
neXUS ® Security

» Technologies

Home Ask an Expert Training Policy Briefs Resource Library Partners News About

# R:  Library Energy-Water-Food Nexus
Carbon Capture

Clean Transport

Energy-Water-Food Nexus
Energy Access
Energy Efficiency ) _ . ) o
Sufficient and secure supplies of energy, water and food are required to support the basic functioning
Energy-Water-Food Nexus of society and help promote resilient, sustainable development. These resource needs are becoming
P increasingly interdependent in the face of population growth, climate change, changing consumption

Finance
patterns and urbanization. Informed planning for future development requires a sophisticated

Grid Integration understanding of the complex interrelationships between the energy, water and food sectors. While

competing demands for resources poses challenges, they also create opportunities for integrated
solutions. The energy-water-food nexus resources help identify solutions that consider collective
Search All Resources impacts and provide tools and strategies to promote sustainable development outcomes.

Renewable Energy


mailto:Joshua.Sperling@nrel.gov

Integrated Urban Services for US-ASEAN Smart Cities

Thank You

Contact Information:

Helen Santiago Fink Carol Lvnn MacCurd Jennifer Daw
U.S.-ASEAN Smart Cities y y Principal Investigator

Partnership - Program Manager Selr}lgrg\:a:erDPollci/tﬁ]dvr:or National Renewable
U.S. State Department - late Lepartme Energy Laboratory

. . m rdycl ) . .
santiagofinkh@state.gov RIS CIC IR o jennifer.daw@nrel.gov
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U.S.-ASEAN Smart Cities Partnership

»
-
L. dh b 4 b b b 40 b b b b b 40 40 b b b ab db b b b b A0 4 db 40 b db 4 db b g b SIh g g b SEh ¢

Integrated Urban Services
Regional Launch Event

August 13th 7:00-9:00AM (GMT+7)
August 12th, 8:00-10:00 PM (EDT/GMT-4)

A program of the US-ASEAN Smart Cities Partnership to sustainably secure energy,
water, and food for the region’s municipalities through regenerative approaches



Integrated Urban Services for US-ASEAN Smart Cities

Welcome
O ORON

Jennifer Daw

Principal Investigator
jennifer.daw@nrel.gov

i:NREL

NATIONAL RENEWABLE ENERGY LABORATORY
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Day #2 Meeting Agenda

Opening Remarks and Day 1 Recap
« Jennifer Daw | NREL
+ Polling

Pilot City Projects and Key Milestones
« Parthiv Kurup | Pilot City Lead | NREL
- Q&A

A Tale of 3 Cities (Panel)
« Moderator: Helen Santiago Fink | U.S. State Dept.

« Restoration of Vernacular Urban Food Systems for Resilient Asian Cities: Dr. Makoto Yokohari | Professor, Graduate School of
Engineering | University of Tokyo

« Lessons from the Los Angeles 100% Renewable Energy Study: Dr. Elaine Hale | Senior Research Engineer | NREL
- Regenerative Cities: Thomas Hussey | Director, Urban Design & Planning | Skidmore, Owings & Merrill
- Q&A

ASEAN Smart Cities Project Themes and Insights
+ Dr. Josh Sperling | Urban Futures-Energy-X Nexus Engineer | NREL
+ Q&A and Polling

Closing and Next Steps
« Jennifer Daw | NREL
- Helen Santiago Fink | U.S. State Dept.




Integrated Urban Services
Program Overview

* Program under the United States-Association of Southeast Asian
Nations (US-ASEAN) Smart Cities Partnership to help ASEAN
cities build resilience in their energy, water, and food systems.

* The 3-year program is funded by the U.S. State Department and
led by NREL.

* The program will demonstrate the socio-economic value and
urban benefits of resource recovery and reuse through
integrated systems that promote greater efficiency, improve
water and energy security, and mitigate public health concerns.

* The program will incorporate market-based approaches,
business plans, and peer learning to create the enabling
environment necessary to attract public and private investors.

More information:
https://www.nrel.gov/international/integrated-urban-services.html



https://www.nrel.gov/international/integrated-urban-services.html

Integrated Urban Services
Day 1 Takeaways

Systems integration requires cooperation among governance
structures and stakeholders and/or joint operations.

There is a need for master planning, capacity building,
investing and adapting of infrastructure systems to address
climate change impacts, public health risks and other urban
services challenges.

Co-innovation and multi-sector partnerships offers new
opportunities for blending public and private resources for
financing urban solutions.

Integrated urban systems warrant clear economic and
quality of life measurable objectives and performance
targets with agreed feedback mechanisms.
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Parthiv Kurup |

Pilot City Proj




Improved understanding of the key issues
happening in the ASEAN cities network
and green economic developments

¢ Connections within the Smart cities
network and how they are moving
forward

Reputational and experiential inputs to
implement vision through the support

*  You will get information for suited
solutions, based on the data and
needs

What’s in it for your city?

i iNREL

Transforming ENERGY

Working directly with a U.S. DOE National Lab on
developing integrated EWF solutions

NREL has world-class researchers in fields like
renewable energy, water management, and
system dynamics/modelling

Capacity building and technical
assistance for key community
stakeholders in the two selected
pilot cities in 2022 and 2023

Take away: NREL enables science and technology Pilot city assessment leads to

knowledge sharing, but through this program
not IP/technology transfer

actionable steps for your city

* Supports city sustainability
and resilience goals

Key Takeaway

Innovations could get future funding

e.g., Climate funds and others like ADB

There will be direct interactions and pitch
opportunities to audiences of funders

NREL | 52



Application Process

The goal of IUS is to help local city leaders, the private sector, financial institutions, and other stakeholders
identify, design, and implement more integrated models of basic urban service provision that can sustainably
secure energy, water, and food (EWF) services, in a resource-efficient, environmentally friendly manner.

Link to the document will come after workshop

|

Internal down-
select

NREL Review of
applications

Look out for the

. Selection
application

Designate PoC

|

Send back the application and supporting documents via email to
Parthiv.Kurup@nrel.gov by the 25 of October (application opens 315t of August)

Contact us to understand and get help to walk through the process if you need. Please reach out!

NREL | 53
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Capacity Building and Technical Support

Pilot projects provide an opportunity to working directly with a U.S. Department of Energy
National Lab on developing integrated EWF solutions:

Technology or other solutions to support needs identified in city action plans and other city
priorities:
— e.g.,: Planning, design, and governance structures, etc. => support is targeted

— Sustainable and low impact strategies for water supply and management (drinking, stormwater, green
water, greywater) and wastewater treatment

Modeling and analysis of selected technology solutions and process approaches

Analysis and planning to develop integrated multi-sector water, energy and food action and/or
business plans to effectively engage private sector stakeholders.

NREL | 54



Selection Criteria — How are we thinking?

Active government, community, stakeholder and/or private support for EWF
— Diverse stakeholders together around novel net-zero or renewable solutions
— ldeally a site has already been selected

1 application per city, lead by the city representative

At least 1 of the city services should be involved e.g., utility operator, energy or water utility, land
management, permitting

— Important for your application to have input from different parts of the city sustainable
development

Priority will be given city in the ASEAN Network
— Possible for other cities to apply with good proposals

Priority will be given to partnerships e.g., city, universities, businesses, and NGOs.
— Partnership model will be preferred.
— City/gov focused, and the city representative is the prime putting together the application

Dedicated staff time from a cross-sectoral urban planning and development
— With decision-making authority (or quick access to decision making)

NREL | 55



What could make a good project?

Solution needs to use commercially ready technologies in other markets

— Requesting assistance for innovative, but not market ready technologies may not provide you
the most help

Need for technical assistance in targeting a specific clearly defined EWF challenge
— Self-sustainability (economic, social, institutional) to own the solution
— What are your biggest concerns e.g., resilience?
— Do you need to understand how renewables will change your grid?
Access to data from the city
— E.g., energy loads, food demands, water utilization
— Water desalination and treatment needs
— Data quality e.g., hourly data of energy loads highlighting seasonal variation
Specific requests e.g.,
— Capacity building, training, integrated systems for their city
— Business development e.g., desire and ability to take ideas on to the commercial focus

NREL | 56



Timeline

Application Application

Opens! Deadline Date of Notification

8/31/21 10/25/21 1/25/22
E Application Reviews Period of technical assistance —
. Oct. 2021 to Jan. 2022 (Feb. 2022 to Sept. 2023)

Webinar on
Application Process
September 2021
(date TBD)

NREL | 57



Summary: How to Apply

One Application Per City Application Opens Apply by

: 31st August 2021 25th October 2021
Ideally through a partnership -

model with different parties, Application will follow this Reach out for help as needed for
including at least 1 utility workshop your application

Why should you apply?

Targeted EWF solution for your city
Actionable steps after the assistance

Future potential access to green climate funds to take the solutions to implementation

NREL | 58



Questions?

Please join us for Pilot Project Q&A
Webinar in September!
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The Los Angeles 100% Renewable Energy Study

Lessons from the Los Angeles
100% Renewable Energy Study

Elaine Hale, Ph.D.
August 13, 2021

Ei%?ﬂﬁﬁ!ﬁiof \ **NREL

Water & Power Transforming ENERGY
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Advisory Group
provided input and
review throughout the
study

Unprecedented model
resolution and
Integration

Photos by Dennis Schroeder, NREL. Figure from
Executive Summary in The Los Angeles 100%
Renewable Energy Study, NREL Technical
Report (2021)

Building Loads

Over 100 million
simulations
Demand-side change

Supply-side change
Greenhouse gas and air
qguality outcomes
Economic and job
outcomes
Environmental justice

LA100 | 62



LA100 Scenarios

Each Scenario Evaluated
Under Different Customer
Demand Projections
(different levels of energy
efficiency, electrification,
and demand response)

Moderate

High

Stress

Figure from Executive Summary in The Los Angeles 100% Renewable Energy Study, NREL Technical Report (2021)

SB100

Evaluated under Voderate, High, and
Stress Load Electrification

« 100% clean energy by 2085

«Only scenariowith atarget basad on retall
sales, not gensration

« Only scenaria that allows up to 108 of the target ta
be natural gas affsst by renewshle elactricity cradits

« Alloses existing nuclear and upgrades to transmissicn

Transmission Focus
Evaluated under Moderate and High
Load Electrification

< 10044 clean energy by 2045
» Only scenario that builds mew transmission carridars
+ Mo matural gas ar nuclear genaration

Early & No Biofuels

Evaluated under [Vloderate and High
Load Electrification
1 00% clean energy by 20335, 10 vears saoner
than other scenarios
« Mo natural gas generation o biofuels
» Allowws existing nuclear and upgrades to transmission

Limited New Transmission

Evaluated under and High
Load Electrification
< 108 clean energy by 2045

« Oinly scenario that does nat allow upgrades ta
transmission bovond curranthy plannad projocts

« Mo matural gas ar nuclear gensration

LA100 | 63




Across All Scenarios

Electrification Customer Renewable Storage Distribution, Re’éewas'yt':.”e'ed
—_ Rooftop Solar Energy (including coupled . ombustion
EnergY Efficiency with solar) Transmission Turbines
Flexible Load Solar: +>5,700 MW +>2,700 MW +>2,600 MW
I Wind: + >4,300 MW I I (in basin)
Much More New | | — I
Today: Future:
Photos from left to right by Werner Slocum, NREL 46052, iStock, Dennis Schroeder, NREL 50710, Daily Infrequently

50688, 50667 and iStock.

LA100 | 64




In all scenarios, wind and
solar provide 69%—87% of
ture electricity demand.




The pathways diverge going
from 90% to 100% renewables.

This last 10% is what is needed for

reliability during periods of very
low wind and solar, extremely high
demand, and unplanned events like

transmission outages.

Photo from iStock 635716108




Capacity Mix in 2045 — High Load Scenarios, Compared to 2020

Early & Limited

I\/l e Etl n g th e o SB 100 No Transmission New

F —
o) Transmission

last 10% on -
the road to
100%

renewables

- Peak Demand + Charging
Peak Demand

Assumes LADWP
produces its own

hydrogen fuel
||

Demand Response
NG-Combustion Turbine
NG-Steam/Combined Cycle
Fuel Cells
H2-Combustion Turbine
RE-Combustion Turbine
Coal

Geothermal

Hydro

Customer Storage
Utility Battery Storage
Pumped Hydro Storage
Utility PV + Battery
Utility PV

Customer PV

Wind

Nuclear

\
Assumes a
market supply
of renewable
fuel

Producing hydrogen
(rather than buying
commercially
available RE fuels)
adds ~20% to
cumulative costs

Capacity (GW)

Figure from Chapter 6: Renewable Energy
Investments and Operations of The Los Angeles
100% Renewable Energy Study, NREL Technical
Report (2021)
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40

Accelerating the target date to
2035 increases both the costs
and benefits of the transition.

Photo from Pexels 248747



Cumulative Reduction in Annual Mean Avoided
(2021-2045) Costs* Annual Life Incidences in 2045
per MWh (2019%) Cycle GHG Compared to
Emissions, All SB100 - Moderate

Scenario

High vs. Moderate:

Sectors, in 2045
Compared to

Lower per-unit 2020
Early & No Biofuels 1 pre\rente_d premature death
COStS, m O re G H G $93/MWh 61% Eucsr;?{la?zér:n?:srﬁ;ﬁ:ascular
red uctlon a nd MODERATE 0 change in asthma ER visits
Farly & No Biofuels TRt
more health $83/MWh 88% )  admssone o
. HIGH 19 fewer asthma ER visits
benefits
$0 $100

*Revenue requirements per unit of generation to cover the annualized costs associated with
expenditures measured in LA100--Not equivalent to rates.

Figure from Chapter 12: Synthesis of The Los
Angeles 100% Renewable Energy Study, NREL
Technical Report (2021)
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Rellable 100% renewable energy is
achievable—and, if coupled with
electrification of other sectors,
provides significant greenhouse gas,
air quality, and public health
benefits.




Deep dive into LADWP water and wastewater systems

plans—transition to more local, recycled supply

SWP LA Treated Treated Colorade  Groundwater s Cap“"fd Wastewater ecycled Water Fror
West Aqueduct SWP River G‘”‘W"'Bas“’a‘?‘ N om Other Other Agencies
East Agueduct ________________"'_IS Ager
=
Pumping Non-Potable
El= 602 kWh/AF Reuse
JEI'ISEH wm LM Flm‘lon Pumplng i-; semsmsn “‘A‘d‘;“‘&éﬁ‘ [’D’ ]nwsudai & E‘ E'
Treatment Plant Plant ™ Ei= Hyperion Plant |, iHYPerion Advanced:| § | irrigation Use) | -
El= 42 kWHAF | IEI= 34 KWIVAF El= 580 KWIVAF -bl E|Z§§B KWH/AF Treatment : i &
L El=TITRWVAR B
Wastewater ) T : Beneficial Uses § E
L Indoor :
— Influent Donald Tillman Plant ' (Le. Seawater g3
L ,l Distribution System Ei=526 kWh/AF* b --|- . = i Barrier,
: El= 174 KWH/AF Outdoor El'= 1466 KWHh/AF"" : Japanese
B e Y ; Garden, ...)
. i IndirectPotable i  :Conveyance to GW Basin: . LA-Glendale J
& Re usaeSConveyagce ¢ H Injection & Extraction & i — Plant ; e E
. iEl= 1854 KWh/AF""": i e i ! - \ =
e wd R SEMETWIAL S : EI=504 kWh/AF : e PO 33
------------------------------- . i : Reuse -3 §
Water Supply System ; Captured Terminal Island Plant “o--f-f» (Tillman & -1 2
: Stormwater » El= 1104 kWh/AF Hyperion GWR = £
i : for Direct Use Projects) ;» 5
To Other E Wastewater System ; < %a
——— Potable Water f Discharge to the To Other
------ Captured Stormwater : Environment Agencies
— Wastewater |
MNon-Potable Reuse (Tintle 22)
----- Indirect Potable Reuse . . L.
End Use Figure from Chapter 3: Electricity Demand Projections of The Los
o ; Units with Highly Uncertain Energy Intensity Angeles 100% Renewable Energy Study, NREL Technical Report (2021)

* Average energy intensity before advanced treatment plant comes online.
** Average energy intensity after advanced treatment plant produces 30,000 AFY recycled water for groundwater replenishment project (i.e. after 2030).
It is calculated as [(74,000 AF°526 (KWh/AF)+30,000 AF*2318 (KWh/AF))/74,000=1466 kWh/AF.
*** The indirect potable reuse conveyance energy intensity is only applied to Hyperion groundwater replenishment project. No energy intensity is considered for Tillman GWR project.
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More electricity is used to reduce dependence on

imported water

End Use
’F: 50 B Water Wastewater
5 . Water Supply NPR
S B Water Supply IPR
o 15 Water Supply Distribution
g B Water Supply Groundwater
g B Water Supply Plant
c
E 10
P
kS
£ 5
i) 0.4
L 1.5 1.6 1.6
0 2020 2030 2045 However, this is still less than 5% of LADWP
High Projection electricity demand in all projection-years
Figure from E. Hale based on results in Chapter 3: Electricity Demand Projections ( up fro m a bOU t1.5 % today )

of The Los Angeles 100% Renewable Energy Study, NREL Technical Report (2021)
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The water system is a demand response resource that is

expected to grow as LA’s water supply “electrifies”

1600

Com. Refrigeration
Com. Heating
Com. Hot Water
Com. Cooling

1400

Res. Appliances
1200 .
Res. Heating

Res. Refrigeration

1000

Res. Pool Pumps

Res. Hot Water

Res. Cooling

EV Public L2

EV Work L1

B EV WorkL2
EV Home L1

[ EV Home L2

0

800

600snmmmms  mmmmmn

400

Water Sys. Shifting
Intrpt. Load Water
B Intrpt. Load CII
----- 10% Peak Consumption
All peak days are in early
e %  August.

200

DR Participating Demand at System Peak (MW)

| O
| L]

2015 2020

2035 2040 2045 Peak times are shown in
4pm 2pm 7pm local time, PDT.
Figure from Chapter 3: Electricity Demand Projections of The Los Angeles 100% Renewable Energy Study, NREL Technical Report (2021)

LADWP may be able to coordinate electricity and water operations more closely
to enable shift-, in addition to shed-, type demand response LA100 | 73
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By 2045 rooftop solar would be an economic choice for

nearly all households and businesses

Adoption would occur on 22%—38% of b
all existing single-family homes, up
from 6% in 2020

EDEI'J 2045 EDEU 2045
CUSTOMER SOLAR CUSTOMER SOLAR
ADODETION WITH ADCPTION WITH
MET BILLING MNET METERING

ACROSS PROJECTICONS ACRCSS PROJECTIONS

Figure from Chapter 12: Synthesis of The Los Angeles 100% Renewable Energy
Study, NREL Technical Report (2021)
B oo compariscrn ) voceraTe | HeH O i STRESE
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Generation Mix (Monthly, 2045)
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Figure from Chapter 6: Renewable Energy — Net Generation
Investments and Operations of The Los Angeles
100% Renewable Energy Study, NREL Technical
Report (2021)
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&

ldentifying alternative options for firm,
in-basin capacity likely represents the
largest opportunity to reduce the costs
of the transition and points to the
highest priorities for R&D: hydrogen
and extended demand response.

Photo from iStock 1255388575
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U.S.-ASEAN Smart Cities Partnership

»
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Integrated Urban Services with ASEAN Smart Cities

From Urbanization and Nexus Fundamentals to Metrics, Design Principles, & Smart-Sustainable City Insights

Josh Sperling, Ph.D., IUS Senior Researcher | Urban Futures & Energy-X Nexus Engineer
National Renewable Energy Laboratory | New Concepts Incubator
August 13, 2021 | Day 2 - Integrated Urban Services Kickoff




OneWaterSF Metrics — from Paula Kehoe, SF Water

Agenda
Q O

* Motivation and Measuring Success:

* Motivation: why an integrated approach leads to better
outcomes?

* Metrics: how ‘successful’ outcomes come through as a
result of integrated approaches?

* Day 1 Recap — Looking Back:

e Urbanization: 70 million more in population to be added
to ASEAN urban areas, creating significant new demands
for services (that may outpace municipal capacity)

* ‘Total Design’ principles: moving towards interdisciplinary,
context-specific integration of govt, industry, utility, R&D

* Ingredients to success: for Integrated Urban Services

* Day 2 Session — Looking Forward:
* ASEAN context, City Reviews, Surveys: preliminary results
* Expert Interviews: initial insights and on-going interactions
* Polling: informing consensus-building on where to focus
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218t Century: Engineering-Planning-Policy-Behavior Sciences for Urbanization

Bigger picture of urbanization challenges (prepared for Rethinking Cities, World Bank, 2014):

* CHALLENGE: 10B urban people? 87% urban planet? 215t century = 3x more urban residents in

‘less developed’ world? What will be the infrastructures/institutions of a healthy urban planet?
« OPPORTUNITY: “Urban population will be split unevenly, with just 1.2B living in cities of

what we now think of as developed countries and 8.6B in cities of the developing world.”

The Developing World's Urban

Population Could Triple by 2210

INTHE NEXT 3 DECADES, ALMOST 2 BILLION ADDITIONAL
PEOPLE WILL POPULATE THE EARTH. THIS GROWTH WILL CREATE - Etiminating pollution by powering all buildings and vehicles with

DEMANDS ON AN UNPRECEDENTED SCALE FOR:

Urban residents Population | -
Vear | Lessdeveloped | Moredeveloped | World World oion | RS e oA
B0 | 49 Wk | 15%01t | 19918 093 ) .
i e Tk oot T o I it IR
U | 71978 | 11%11 |82%)90 10 =, i .
1 | 76% | 10%11 | 87%8 THlReal iy

Fuller and Romer, 2014. Urbanization as Opportunity. (Calculations based on UNDESA, 2012)

Amadei, 2009

What is Regenerative Urbanism?

Regenerative urbanism represents a paradigm shift in urban
innovation. It uses living systems as a metaphor and model for
inspiring more productive, resilient, and equitable urban places,
regenerative communities generate net positive impacts by:

+ Creating more resources than they consume, ensuring critical
resources are secure and affordable for decades to come

+ Eliminating waste by managing materials, nutrients, and water
within a circular metabolism model

renewable energy

+ Cultivating abundant healthy food within the community

Foss, 2017

30%

0,
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of global freshwater I_ +80%
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2016



12,000,000

UCD: Urban Trans-Boundary Challenge
Integrated Approaches Open New Opportunities

Key Urban
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Case of City of Denver, USA - Cross-Sector GHG
Emissions Accounting & Climate Action Impact

Between averted impacts and savings, the
minimum value of climate action investments are

$20.2 Billion

Denver Climate Action 2020 Recommendations Report

The Climate Crisis

X & L0,

Agricultural Emergency

Arood  APSmog
Shortages  Allergens Disruptions ~ Hospital
& Prices Visits
e &

h o g
¥ Worker Usa Stroke &
Productivity Stress

ﬁ A Flooding,
A Property Onset &

& Economic o> Extreime Exacerbation -
Damage i Heat Days g > Astin
A Wildfires Respiratory lline
e # Mental Renal lline
5 A Vector Stress, lliness, Cardiovascu
4 Disparities Borne & PTSD Disex
Diseases & Complicatio
Epidemics Related to Diabet

Figure ES 1. Climate change effects and impacts in Denver

If we find ourselves in a severe climate crisis scenario, life as we know it will be impacted across all
sectors. Figure ES 1 depicts some of the impacts to Denver’'s economy and our health. The stakes are

high, and action is urgently needed, which is why the Denver 2020 Climate Action Task Force has laid out

an aggressive policy and solutions agenda that is to be implemented as rapidly as possible over the next

decade.
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Applied Energy

journal homepage: www.elsevier.com/locate/apenergy

Implications of high renewable electricity penetration in the U.S. for
water use, greenhouse gas emissions, land-use, and materials supply

Doug Arent?, Jacquelyn Pless **, Trieu Mai ?, Ryan Wiser °, Maureen Hand ?, Sam Baldwin
Garvin Heath ?, Jordan Macknick ?, Morgan Bazilian ?, Adam Schlosser ¢, Paul Denholm ?

4 National Renewable Energy Laboratory, 15013 Denver West Parkway, Golden, CO 80401, USA
b Lawrence Berkeley National Laboratory, 1 Cyclotron Road, Berkeley, CA 94720, USA 4
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HIGHLIGHTS

« Renewable electricity generation could supply 80% of U.S. generation in 2050. = e e M

« GHGs are reduced proportionally and water use is reduced by 50%. " . .
« Gross land-use impacts total less than 3% of land area of the contiguous U.S. On most polluted day last month, fine particulate levels

« Some clean energy technologies rely on materials that face short-term risks. in New Delhi reached over 900 ug /m 3 b /owing past EPA.s
« No insurmountable long-term constraints to materials supply were identified. . " Py ) g S
definition of “hazardous” air (which maxes out at 500) and

into extreme territory.” — NYT, 2019
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Impacts
Environmental Science and Policy
Socio-
demographics
}—I‘\Sl_\ ]l_R journal homepage: www.elsevier.com/locate/envsci
Climate Globalization
Change / Expos
From risk to WEF security in the city: The influence of interdependent WEF
. Governance C:“) Security <r_‘/ Economy
infrastructural systems Risk
Vulnerability -
Patricia Romero-Lankao™*, Antje Bruns®, Viviana Wiegleb” v:'r']':;‘:fw \ {? / Urbanization
2 Urban Futures, National Center for Atmospheric Research (NCAR), Research Affiliate Center for Science, Technology and Policy Research (CSTPR), Colorado University, \ @ /
United States 5
® Governance & Sustainability Lab, Fachbereich VI Raum- und Umweltwissenschaften, Universitit Trier, Campus II — BehringstraRe 21, 54296 Trier, Germany Environment Technology
P e
ARTICLE INFO ABSTRACT B
Drivers
Keywords: Across the planet, interacting threats are converging in urban areas beset with pressures brought on by global
Water-Energy-Food (WEF) processes such as urbanization and climate change, and the challenges of creating water, energy and food (WEF)
Urban ) security for their populations. With an increased probability of floods and other extremes, goes a heightened
Interdependencies potential for cascading effects as WEF security is at risk from an array of tightly bound interdependencies
;iacs::ldmg effects undergirding the WEF nexus. Such interdependencies heighten risk for generalized disruptions, as, for instance,
cli g risk when heavy precipitation triggers a breakdown of transportation infrastructure, leading to failures in energy
Governance generation, and provision of food and water. In this paper, we apply a framework to examine how inter-
Infrastructures dependent WEF infrastructural systems mediate the risks that climate extremes pose to urban WEF security.

Given that urban WEF security often hinges on dynamics that take place in regions outside city boundaries, we
also examine the effect of this dependence on urban FEW security risk. We compare the pre- and post-event
governance and infrastructural conditions shaping WEF security in four cities: Boulder Colorado and New York
(USA) illustrative of WEF security risks posed by low probability high impact extreme events; and Accra (Ghana)
and Mexico City (Mexico), illustrative of governance and infrastructural arrangements that can fail even under
low risk Iugh probablllty extreme events. We ﬁnd that complex technological and governance failures can
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One billion people
live in slums and
informal
settlements today.
This number is
expected to double
by 2030.

A decentralized, closed-loop
model of spatial planning and
peri-urban service provision that
harnesses inclusive innovations
at the nexus of energy, water,
food, and other urban systems
to accelerate service access,
enhance resilience, and
improve living conditions
through market-based, data
driven approaches.

Piloting a Renewable Energy, Nutrition, Environment, Water,
and Waste (RENEWW) Innovation Zone Model

UN Habitat General Assembly | May 27, 2019
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IUS or Urban Nexus Design Principles

* Engineering - 12 Green Design Principles
(#12: Renewable Rather than Depleting)

Integrated Urban Services (IUS)

* Planning - AlA Livable Communities 10 Principles

» Easily available, low-cost, high-nutrient food and (#1: Design on a Human Scale)

safe drinking water » Policy/Governance - Ostrom’s 8 Design Principles
* Renewable electricity and fuels (#7: Allocate Authority at Multiple Levels)
* A multi-use green space « Behavioral Sciences - 8 Principles
. |mproved sanitation Systems (#2 Understand Situation from the Actor’s PeI’SpeCtive)

* Local employment / training opportunities
* Community management & governance

* Opportunities for related micro-businesses
* Resource-efficient behaviors

* Reduced risk: heat, floods, drought, COVID

* Well-planned urban service extensions

Integrated IUS concepts can help scale successful
technology, planning, policy, business/finance, &
governance models and for service areas that will
have an ability to expand or self-replicate with cross-
sectoral planning, design and decision-making teams




Considering Multiple ‘Smart Sustainable City’ Leapfrogs - Capacity Building, Mentoring
Next Generation, and Peer-Learning on New Integrated Practices & Investments

k]
L] Efficiency &
Renewables
‘Fossil Energy
Fuels Leapfrog
E-]

® Shared-Electric-
On-Demand

“Private Mobility Mobility
Gas Vehicles Leapfrog

E
. Healthy, resilient,
abundant economies
Polluted,
resource- 'Sharing/Caring'
scarce Economy as a
economies Human Security
Leapfrog
Realized Holistic Integration
Increased across Sectors and Scales of
Integration of Technical and Non-Technical
Two or More Inputs Towards Sustainable
Siloed Sectoral Sectors from Smart City Outcomes with
Planning, Take-Make- reduced inequalities and risk
Decisions, & Waste to
Investments Circular Urban Nexus (or
Economy

IUS) Leapfrog



Critical Role of Governance
and Solutions Resources?

Three Key Questions
(adapted from Pierce, 2021)

1. Will IUS /smart city innovations remain
dominated by “technical” considerations, or will
governance/ finance become more prominent?

2. Will the natural sciences, engineering, design
and planning “acknowledge and recognize the
political nature of resource use and
governance”? (Wiegleb & Bruns, 2018). Need for
social/economic/behavior & decision sciences?

3. “Nexus approaches may reproduce existing
inequalities in resource allocations and power
structures unless research and policy carry a
fundamental critique of these very inequalities”
(Artioli et al., 2017) - will initial business models

j CLEAN ENERGY
a

ASSISTING COUNTRIES WITH CLEAN ENERGY POLICY

“Integrated management does not emerge just because people say it should for
resource efficiencies. Places need a strong champion with legitimacy & authority to
compel participation/policy integration over time (despite competing priorities)”

Case Studies of Policy & Governance Integration -
NREL Nexus Solutions Resource Portal

Integrated Approaches

The integrated approaches topic considers
actions that affect all three sectors of the
energy-water-food nexus. This section presents
an integrated perspective on models and tools,
polices and plans, resource security and
technology solutions that facilitate nexus
thinking or problem solving in support of
sustainable development. Using an integrated
approach ensures the interests of each sector are
fairly represented and that no sector is short-
changed in development decisions. Learn more.

SOLUTIONS CENTER

Single access point for EWF nexus info:
— policy best practices

* Models and Tools

— models e Policies and Plans

— tools ST

Educates on the importance, drivers, challenges, and . Mgmlﬂ

opportunities associated with the EWF nexus J———
* Security

& Technologies

Home Ask an Expert Training Policy Briefs Resource Library Partners News About

have a role for and benéefits to underserved
communities? Will solutions be co-created?

# R:  Library Energy-Water-Food Nexus

Carbon Capture
Clean Transport
Energy-Water-Food Nexus
Energy Access

Energy Efficiency ) _ . ) o

Sufficient and secure supplies of energy, water and food are required to support the basic functioning

Energy-Water-Food Nexus of society and help promote resilient, sustainable development. These resource needs are becoming
P increasingly interdependent in the face of population growth, climate change, changing consumption
patterns and urbanization. Informed planning for future development requires a sophisticated
understanding of the complex interrelationships between the energy, water and food sectors. While

Finance

Grid Integration

Renewable Energy competing demands for resources poses challenges, they also create opportunities for integrated
e e solutions. The energy-water-food nexus resources help identify solutions that consider collective

Search All Resources impacts and provide tools and strategies to promote sustainable development outcomes.



Rapid urbanization endangers the supply of water
and sanitation systems, energy, food and land

THELEEAN. M EXUS %

The Urban Nexus conceptis a guiding framework
for implementing global development agendas
at the local level

Create opportunifies to Circular Economy

shift fram a lirear e — -
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Urban Nexus Wheel
Promote cross-sectoral
Infrastruchure to

}-l_ manage the synergles
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Case 1: Naga City, Philippines
BISCAST Climate Change Resilient Pilot Housing

Challenges

= Malural hiarnards: fyphoons.:
floodirng. kandslicdes and
SOt LS

+ Lock of offcrdable howsing for
low-Income groups

Solufions

major hoazards
« Low-cost fechnologies

afficient devices

Results

= CCRPH = half as expensive as conventional
social howusing

= 0% less woshe materal and wastewater
generated on site

= 25% less electricity consumed

= Walar cornsensalicn via raimsater harveskirg

« Treated wastewoler used os ferlilizer for
garcening

Case 2: Korat, Thailand
Efficient Water Supply Pumping Systems

Challenges

= Rapid population growth
inCraasing demond for waler

« Supplying woater requires large
amount of eleciriciy

= 35-45% leakage in nebsork
resls im wasted woter and
ERErchyY

Soluticns

= Build capacity of technical
afficers to maintan systam
efficiency

= Cd and inefficient pumgos
replaced with enengy elhcient
aquipment

= Repair leakoge in waler
provision system

Results

= Practitioners learmed to reduce water
bossas. save enargy and lower costs

= Systermalic operaiion ond mainienance
process introduced 1o Monocee Dumips

= 0% reduction in elachicily consomplion

= Howiing dasigred o withstand

« Climote-aodaoptive and energy

Case 3: Da Nang, Viet Nam
Innovative Wastewater Management

Challenges

= Rising prasswre on nrashucture dee to urbhan
grovwth and increasing population

= Ingdecquale sanilalion sedvices

= inefficient wastewaler ireaimeant

* Mefhone emissions fromn freatment plants

= 5ol aond groundwaoter contaminalion due o
lecking housahold seplic tanks

Solutions

= YWacuum waoastewobar
collection system

= Wastewaler
freatment ot
produces biogas and
fartiizer

= Compulsary sewer
linE Conrmes TRon
regulafion

Results

« iImprovead sanlfalion resulling in better
aenvironmeant and health

« Sludge and orgoanic woste fram
housenolds and restawonts wsed 1o
produce enargy

« Produclon of fartifEzer with aogriculiural
residues

= Rouse wasterwaler 1o imgale wwiban
agriculhure and green Spaces

The Urban Nexus Wheel examines 5 enabling
factors to consider when applying the urban
nexus approach

Inclusive
Decision-
making
Science,
k Iech:'ﬁ'::c:;y .ﬂh\c\
e o i
J"hn & Innovation .\.{\dﬂ
7entq| susiS

5 Enabling factors

= Gowvernagnce: colabroralicn and principle of subsichariby

= Science, Technology & Innovalion: doto, cross-sacional
imirasiroctuee and inlegealion

= Urban PMlanning: inlagralive spatial and kand-use planning

= Fimance & Business: inshttulional capacity buiding and
alterrnatve financing me-chanisms

= Inclusive Declion-making: parlicipalory planning, agquily and

genasmErEaTn g0 rce: UNESCAP, 2019



Cities and The Nexus
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ar. Water reported in Billion Gallons/Day. Source: Bahktian, 2016




ASEAN Key challenges — Recent Aug 2021 Headlines

Indonesia blackout: Huge

Re;earch Suggists Raplf ZJ}:btanlza.:onblnc'rei?es FIo:I)d BlsthVorldW|de outag e hits Jakarta and

* New research suggests that rapid urbanization and migration are .

increasing the number of people exposed to floods worldwide. The Surroundlng area
researchers found that between 2000 and 2015, the number of people ©5 August 2019

living in flood-prone areas worldwide increased from 58 million to 86
million. The authors h\épothesized that the development of cities in risky
areas with large river basins and large population growth amplified the yphoon Molave makes landfall in Vietn:
vulnerability of populations to floods, noting that megacities in aftermath of deadly floods

Southeast and South Asia, such as Dhaka, were the most exposed to By Michael Guy, CNN

major flooding eventS. (@ Updated 4:25 AM ET, Wed October 28, 2020

Lockdown in Metro Manila As Thousands Rush for Vaccine

* Last week, the Philippine government Iolaced Metro Manila, an urban
sprawl of 16 cities and home to 13 million people, under lockdown
hours after thousands of residents rushed to vaccination sites. The
near-stampede of residents flocking to vaccination sites also led
authorities to shut certain vaccination centers. While the government
says they will provide low-income families and individuals
approximately $20-$80 during lockdown, out-of-work residents fear
they still lack sufficient means to buy food and other essential items.

Vietnam braces for more flooding rain 01:20

(CNN) — Typhoon Molave made landfall just south of the Vietnamese resort city Da Nang on
Wednesday, lashing the coast with powerful rains and winds, and inflicting further misery on an



ASEAN Smart Cities Project Themes & Insights: Case
of Singapore as a Pioneer and Location of Key Issues

Beyond the immediate health crisis, technology has the potential to offer
new opportunities and overcome economic and socio-economic challenges

Singapore is focused on the use of technology to transform in the core areas of

Economy, Government and Society:
" '

S e 0 °
DIGITAL

ECONOMY

—
Digitalise industries to increase

DIGITAL
GOVERNMENT

Provide integrated and seamless

DIGITAL
SOCIETY

Citizens have access to technology

and use them confidently and
effectively.

Government services and use tech
to transform policy-making and
operations.

business efficacy and create new
job opportunities.

% Smart water management
system

Developing the Integrated service
Platform for environment monitoring
and public disclosure of figures on

mobile apps
9

% Development 6f the
system of databases

“Singapore is an impossible city: we have no energy, no water
and no food within a very small area of sight more than 700
sq km. We have solved our water issues, we closed the loop
by the 4 water taps ( desalination, water catchment, new
water and water from Malaysia). We are on the way to solve
our food shortage ( by diversifying our import sources from
more than 140 countries and working towards self
sufficiency of 30% of our food demand) . We have not
cracked the energy issues yet if we are truly to be zero
carbon. Working towards it. | can’t remember the detailed
data but they are available at our websites.”

Our latest initiative by the Singapore government, is the
Singapore Green Plan (SGP) 2030, in which there are five
pillars that span across varied challenges faced and our
committed approaches. www.greenplan.gov.sg

- Ong Eng Kian, Director, Centre for Liveable Cities, Ministry of
National Development, Singapore



http://www.greenplan.gov.sg/

ASEAN
in statistics

Share of the World's GDP'
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ASEAN
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NORTH AMERICA
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ASEAN Cities (metropolitans) Larger than 5 Million*

MANILA 12.9 mil

JAKARTA 10.3 mil

-

INTERNET PENETRATION

36%

SOCIAL MEDIA PENETRATION SINGAPORE

20%

MOBILE CONNECTIVITY*

O1% 1 ASEAN Secretariat, “ASEAN Economic Community 3 United Nati “World Urbanization Prospects”, 2014.
Chartbook 2017™. 4 ASEANT, “Top Cities and Urbanization in ASEAN",

2 ASEAN", “Southeast Asia, digital, social and mobile aseanup.comfinfographic-top-cities-urbanization-asean/

28",

ia-digital jal-mobile/ * not unique users
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Preliminary Survey Results

Figure 3. Classification of ASCN cities by population and GDP

City archetypes across Southeast Asia ® ASEAN Smart Cities Network cities
* Challenges @Z‘.ﬁ;"ﬁ"“
12| ' a Ma‘nils
 Areas for Impact "
10! Jakarta @
L Why z :I:u Chi Minh ® Bangkok
7 @ Yangen EMI Kuala Lumpur
o _ T
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Bum Hyun-Lee/KRIHS Special Report, 2019.




|US-Relevant Su rvey Priorities: human and resource security,

resilience, equity, growth, resource access & efficiency, clean environment

A survey of ASEAN city leaders revealed the sub-area which they
AS EAN consider to be part of current importance S ustainable urbanioatl

s USTA' NAB LE Percent of ASCN city representatives highlighting sub-area as ™ Civic and social [l Quality environment

currently ‘very important’ to their city’ I Health & Wellness | Built infrastructure

URBANISATION I sy sty & novatn

Sub-area Percent of respondents

STRATEGY persone sty & securty "

Education 81
Housing & home 7
Healthcare B9
Urban resilience 69
Inclusive & equitable growth 65
Tourism 65
Resource access & efficiency 65
Mobility 65
Trade & commerce 62
Clean environment
Resource security
Business & entrepreneurship
Cybersecurity 50
Other public sevices 46

Culture & heritage 38
= Social cohesion 35
r’wgr!‘) Building & construction 27

il
. 1 Based on a survey of 27 city and national leaders across ASEAN Member States. While the survey sub-areas ‘resource access & efficiency’, ‘clean

AR

o environment’, and ‘resource’ security are not identical to sub-areas in this study, these areas share strong thematic links with the sub-areas ‘energy’, ‘water,
one identiy waste & sanitation’, and ‘food' respectivaly.
SOURCE: Survey of ASEAN Smart City Network (ASCN) leaders; Team analysis

NREL | 99



Private-Sector Survey Results
What cross-cutting integrated urban service challenges are you most interested in?

Resource recovery / Leveraging
productive waste Resilient city planning - energy- Governance and policy - providing
food-water nexus interconnection community access to public services

E.g., waste to biofuels, wastewater to '
and solutions

irrigation or other productive uses

Provision of basic services through
Strategies for aligning integrated utility centers and

infrastructure investments to Ensuring that informal systems (co-location of wastewater
leverage maximum benefits. settlements in cities are treatment, energy generation,
adequately addressed circular resource management
(biological and technical waste),
and food production)
Nature-based solutions
and green infrastructure Urban and peri-urban water,
sanitation and hygiene




A)
B)
C)
D)
E)
F)

G)

H)

)

Preliminary Survey Results
What are the biggest challenges to implementing integrated water-energy-food solutions in terms of
identifying, designing, and implementing projects, including any barriers related to scaling solutions?

High capital costs

Lower price competitors

Lack of access to finance

Limited information/awareness among city counterpart
Poor regulatory or policy environments

Limited ability to establish sustainable markets or innovative
business models

Limited technical capacity among utility or government
counterparts

Limited organizational capacity/time among government or
utility counterparts

A lack of an inclusive stakeholder engagement process

Challenges with capacity to implement quality operations
and maintenance protocols



Private-Sector Survey Results

What are the primary areas where the IUS project could provide technical support to cities in ASEAN?

®

B)

C)
D)

E)

F)

G)

Technology or other solutions (eg: planning, design, data, nature-based
solutions, policy and governance structures, etc.) to support city priority
needs, including sustainable and low impact strategies for energy and water
supply and management (drinking water, stormwater, green water,
greywater) and wastewater treatment)

Procurement best practices that adhere to international standards for
bankability and transparency and that can facilitate engagement of
technology, equipment, and service providers in project delivery

Modeling and analysis of selected solutions and process approaches

The many codes, standards, and policies that govern water resources as they
relate to power generation, ecosystem and water body health, urban
agriculture, and competing usage with other sectors

Models and visualizations to understand the sustainability impacts and
benefits of new codes, policies and technologies on energy-water-food
security, affordability, sustainability, reliability, livelihoods, jobs and the
economy

Analysis and planning to develop integrated multi-sector water, wastewater,
food, and energy resource plans to effectively engage and represent the
needs and perspectives between urban and rural communities in the region

Guidance on using numerous and disparate data sets, including regional
climate projections, to make effective decisions



A)
B)
C)

D)

G)

H)

Private-Sector Survey Results
What areas do you think are most valuable for stakeholders in ASEAN to exchange during potential
webinars, workshops, etc., that could help advance nexus technologies regionally?

Engaging in public-private sector co-design of solutions
Sharing lessons learned from pilot projects

Jointly developing a business case and procurement
toolkit

Identifying best practices for procurement and contracting
to attract market entry of innovative technologies

Developing approaches for aggregating projects to lower
risks and costs

Accessing tools for inclusive policy, planning, and project
development

Identification of renewable energy technologies that
integrate across the EWF nexus to support more flexible
and cost-effective infrastructure

Determining how urban food production & food waste
recycling can provide profit centers to offset losses in the
wastewater sector

Other
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Transforming ENERGY

Smart Solutions in the Philippine Setting
in the midst of the COVID-19 Pandemic

Department of the Interior and Local Government
National Representative

Third ASEAN Smart Cities Network (ASCN) Annual Meeting
17 July 2020 via video conference

Jakarta Smart City PRIORITIES

Yo ' were revisited

« Funds to ramp up healthcare
and provide food and basic
needs were prioritized

Indicator of
Jakarta Smart City
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Phase 1.:
Engagement

Stakeholder consultations and private sector engagement

Interviews & Listening Sessions

Objectives:

>> Inform the IUS program and regional kickoff workshop

>> Co-design survey of ASEAN-focused firms and universities as to potential contribution to
project, and dialogues that will engage private-public-research-entrepreneurial sectors

>> Assess interests, perceptions, barriers to investment and implementation of technologies
and equipment to support EWF pilot projects




Key Points, Takeaways, and Expert Inputs/Questions from Interviews

7 Initial Sessions with technical institutes, private sector, government partners
- Note: synthesis does not identify individuals/orgs (Chatham House Rules)

High-level expert analysis:

- Enablers: starting with need, relevance, efficiencies, strong leadership, public-pvt partnerships,
moving from conceptual to testing/learning in real-world, scenarios, biz model planning, data

- Barriers: finance, institutional capacity, policy/regs, corruption, siloes, no defined outcomes
or monitoring/upgrading over time, treatment requirements, sophistication/simplicity levels

- Leading country cases: Singapore, Vietnam, Cambodia, Philippines,

Quotes
“Decentralized is much more cost effective - energy efficient and cost-efficient”
“Energy, water, food, education, health are all critical; a lot of mobility and access interest too”

Questions
US vs. local/regional teams from pvt sector? Scale? Right partners? Retrofit v. new development?
Will selecting two cities in same country be more impactful? Or explore for different regs/policy?
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Plans to Address and Explore Further in Year 1

Workshops/webinars, learning
from down-selected cities to
address enablers/ barriers in
specific contexts; and institutional
mapping of key actors

Presentations, webinars, and visuals
to catalyze further learning,

dialogue, and concept understanding
of the potential for/demonstration of
integrated urban services for
efficient resource recovery / reuse.

Advance IUS key findings, priorities
to recommend next steps for project
delivery/business model planning.

AN

,;’ Connect People to New Businesses

"’ Urban Data Platform, Start-up support

Universal Design, International Events

@\ Connect People to People

TOD approach and Walkable city design

\
AL Connect People around the World
'\

\

“Platform |
for Innovation” -5 Connect People to Green

Low carbon technology, green network

/
! E Connect People to City and Society

Problem solving approach, public involvement

/

® Connect Past to Future

Revitalizing essences of good old days of Bangkok
Vs

From 2020 Thailand Presentation at 3 ASEAN
Smart Cities Network Annual Meeting (virtual)
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Challenges to Implementation

Support and Partnerships Required

More Smart City Action Plan Review, Updates, Emerging Challenges —
Examples: Battambang, Cambodia to Luang Prabang Laos

BATTAMBANG

STATUS OF THE SELECTED FOCUS AREAS
Focus Areas
1. Civic and Social; 2. Quality Environment, 3. Built Infrastructure

\\l >

{(ﬂ nm

Project 1 Project 2
Urban Street and Public Solid and Liquid Waste
Space Management Management

Challenges

The absence of the national framework for smart cities
development, and therefore there is no national budget
allocated for specific smart cities projects.

Alack of resources for smart cities development.

@£ liiChallenges to Implementatio

= Budget constraints

Local authorities and local development partners . .
= Economic development of city

Discussing financial and technical supports from ASEAN-
AUSTRALIA SMART CITIES TRUST FUND through ADB
Ministry of Public Work and Transport is an implement
agency.

Development partners, such as ADB, KEI

Support and Partnerships Required
= Central government's support

= Private investors’ interests

= Private banks for mortgage

ERAART CITICS: M

Total city area 761 k2
Total city population 97,760 paaple
115 villages

Smart City Project 1: Restoration of wetlands for green
spaces and habitats

Smart City Project 1: Restoration of wetlands for green
spaces and habitats

Progress of the Project

There are more than 100 smaill wetlands located within the boundary of world heritage site of Luang
Prabang. Thase wellands are considerad as a part af the hartage site’s values thal need o be
preserved alongside with the wonld herflage properies.

Challenges to Implementation
The specific challenges beling faced in implementing the project.

Support and Partnerships Required
Key support and partnerships requined:
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Key Questions Ahead

* How to move from the FEW nexus (conceptually) to MANY
Sustainable, Smart Cities:

* What are key inputs to Address Risks, Interdependencies,
Priorities?

* How to take action by generating new access to finance,
institutional capacity, market-based solutions for people /
infrastructure services at the food-energy-water nexus?

* Where is best entry point to nexus innovation in your city? Is it
emerging tech, policy, or change in human behaviors? Or perhaps
business models that include some of each of these pathways?

* How best to utilize or co-create new nexus, urban resilience, or
integrated urban service design principles that lead to desirable
outcomes: e.g. energy-water savings, cost savings, GHG emissions
reduction, new jobs/livelihoods, and/or higher quality of life?

* What scales and boundaries should be considered by cities in
their pilot city applications?
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An Opportunity for Sharing: National Alliance for
Water Innovation (NAWI) -- Water Security Research

NAWI is led by three US national labs as a 5-year, S110M+ ONAWI

DOE investment in early-stage applied research to lower
cost and energy of water security, including desalination.

The NAWI partnership will:

Develop next-generation water /desalination technologies P

to enable 90% of non-traditional water sources to achieve
“pipe-parity” and secure reliable, affordable water supplies.

NREL has multiple leadership roles in this initiative, a® o
including leading the Data, Modeling, and Analysis topic %
area that conducted NAWI’s Roadmapping efforts.

www.nawihub.org: Securing a Resilient
National Water Supply for the 215t Century ¢
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Moving From Vision to Reality: Roadmaps
and NREL Nexus Case Studies Library

Source Connections to User Roadmaps

i NAWI - muniCipaI, Water Users Source Water
seawater, industrial, i E—
agricultural source ——— Brackish
WaterS/ end Uses With - Municipal reuse

M I
on-site renewable N industral

energy, waste energy
capture, and efficient/
advanced treatment

Power

Unconventional Produced Water

WATER SECURITY
GRAND CHALLENGE

Abundance Through Innovation

Conventional Produced Water

* Municipal reuse:

* 4 nitial case studies Agriculturs! Inigtion

4————— Baseline Activities ——p

Agriculture

Water Security Grand Challenge £

The Grand Challenge has set the following five goals for the United
States to reach by 2030 - Goals:

# 1: Launch desalination technologies and deliver cost-competitive clean water

#2: Transform energy sector’s produced water from waste to resource

#3: Achieve near-zero water impact for new thermoelectric power plants, significantly lower
freshwater use intensity for existing fleet

#4: Double resource recovery from municipal wastewater

#5: Develop small, modular energy-water systems for urban, rural, tribal, national security,
disaster response settings




Current Outputs

Current Source of Water Current Recovery Rates

-

for Potential Reuse

NAWI Potential: EEEE

12 BGD (39.2%) Direct Ocean Discharge

17.5 BGD (57.2%) Other Non-Reused

0.3 BGD (1%) Unaccounted End Use
* Advancing treatment i bbb
technology and reducing s (oo E
energy, GHG, and costs — -
for alternative sources of AR ot —— m— —
8.6 BGD (39.2%) Direct Ocean Discharge

water treatment for | E—
. .
ensuring secure supplies

(Mot to scale)

Financial Data —_____ Baseline Data Uncertainty
a 1 Scenario Design —— Characterization
N wgﬂ Water Techno-economic : Adialyihoad inpits
Kay ; ; ; P Process || e
pare EMwD Fort sl Analysis Pipe Parity Platform wnemuanw s
Brackish Desalinati rom Proteus 3
ackish Desalination ”BIE (Water_TApg) 0?;5"?3}“’3"'9" I:h)cllsrl_ll‘.rdry Higpheffzsrt:l!ltal::::g::;em VOVater TAP otk
Spring 3 putHusity (e.g., water output, energy pen-source techno-
Wastewater Reuse o & Water-TAP3 will be an T pum—— sage, ecovery rates, tc] economic analysis tool
. Technology
i | i Sk Big Spring Faciity Data analytically robust platform for e || Costand || ————p
Groundwater . Train Design Performanc
Y 0CWD Facility Data evaluating water technology Inputs Pipe Parity and System Level Analyses

from DAMS
Surface Water @ waemwsmoseedisimate | cost, energy and environmental e

0.0 0.5 1.0 15 2.0 25 3.0 35 4.0 45 5.0 trade-Offs across Water Sources' @ ’

S sectors, and scales.
Levelized Cost Energy Use of Water System
of Water Intensity  Alternative Intensity Resiliency
S/m? kWh/m? Energy m?*/Unit and Security
and Water #days to
Resources Restart

% Utilization



Biosphere 2/University of Arizona

- Off-grid, distributed energy & water
systems, such as microgrids, provide
greater diversification

- Continued access to power & water
- Flexibility in operations

- Reduced peak demand costs/ water
system grid services

B P Meeting Load ® Storage Discharging @ PV Charpging Storage O Critical Load P Curtailed

" |Electrical
Pot. Water
Waste Water

Feb 3 Feb 10 Feb 11 Feb 12 Feb 13 Feb 14 Feb 15

PV and Storage Sustain Critical Load in 100% RE microgrid



Financing Strategies & Economic Models

Example: Department of the Navy Energy Water Project

Improve Water Security in the SW Increase
water and
energy
sources

* Evaluated Water Costs and Consumption Improve

water and
energy legal
efficiency framework

Manage
policy and

* Identified High Water Risk Installations

* Prioritized ~240 WEN Project Opportunities

* Defined WEN Alternative Financing Models Reduce

water and Water
* Now Supporting WEN Project Execution energy Resiliency
demand

Use multiple
financing
ML ERINGS

NAWS China Lake: WEN Microgrid Camp Pendleton: Water Reuse

Install new pumps, controls and PV to reduce Upcycle reclaimed water and cost effectively
waterline breaks, power water wells, optimized preserve primary groundwater sources to support

energy system long-term continuity of mission




D. Boyer, S.
Brodie, E.
Stokes, A.
Zomer, J.
Sperling. 2015.
Implementing
the Urban
Sustainable
Development
Goal in Atlanta
and Delhi.
UGEC
Viewpoints.

Initial
indicators:

Land B
Consumption
vs. Pop. Growth
Rate, Waste, Air
Pollution, GHG,
Resource
Recovery

® Boston
® Denver
® Lima
e Medellin
e Ho Chi Minh

Denver, Colorado, USA
Pop: 0.65M

Pop Dens: 3922 per/km?
Per Cap Income: $32,597
% <Poverty Line: 18.9%

50 -

Phoenix, Arizona, USA
Pop: 1.5M

Pop Dens: 2798 per/km?
Per Cap Income: $24,110

0

Global Methods and Tools for
Equitable AND Sustainable CITIES

Comparative assessment/implications for cross-
sector infrastructure systems and policies that
integrate / reduce risk for diverse populations

e Mumbai
e Nairobi
® Phoenix

® Beijing

% <Poverty Line: 21.8%

Medellin, Colombia
Pop: 3.5M

Pop Dens: 3001 per/km?
Per Cap Income: $5,547

50 - % Slum Population:

Boston, Massachusetts, USA Beijing, China
Pop: 0.65M Pop: 19.6M

Pop Dens: 12,793 per/km?
Per Cap Income: $33,589
% <Poverty Line: 21.2%

| Tallahassee, Florida, USA
Pop: 0.2M

Pop Dens: 1809 per/km?

1 Per Cap Income: $24,200
iz | % <Poverty Line: 30.1%

-—

s

Pop Dens: 11,500 per/km?
Per Cap Income: $6,400
% ‘Floating” Population: 8%

e Tallahassee

Ho Chi Minh, Vietnam
Pop: 8.0M

Pop Dens: 9,450 per/km?
Per Cap Income: $5,100

Mumbai, India

% Slum Population: 26%

Pop: 20.5M
Pop Dens: 31,700 per/km?
Per Cap Income: $2,845

% Slum Population: 54% _ \
Lima, Peru Nairobi, Kenya L
Pop: 8.5M Ffps 2 )
Pop Dens: 14010 per/km? Pop Dens: 4850 per/km? S
Per Cap Income: $8024 Per Cap Income: $930

% Slum Population: 36%

% Slum Population: 22%
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Key Concluding

Questions:

- Who collects
city data to
inform goals,
targets, &
decisions?

- How well do
indicators
capture
(smart and
sustainable)
city goals?

- Challenges &
opportunities
of universal
SDG
indicators —
tensions of
untversal vs.
locally
appropriate
implementati
ons



Closing Question, if time after polling:

* What can we do to catalyze feedback /input from the region?
* Case studies UNESCAP:

* Naga, Philippines: Partnership of Sectors and Levels of Local Govt; Low-Cost,
Climate-Adaptive, Efficient Tech Integration; Wastewater into Renewable Energy

* Pekanbaru, Indonesia — Profit-generating solid waste to energy (methane gas
collection and energy generation) that feeds electricity into the grid

* Da Nang, Vietham — Wastewater treatment producing biogas & fertilizer

 Any Da Nang representative? Any outcomes from Urban Nexus nexus project?
Asian Cities Climate Change Resilience Network? 100 Resilient Cities? USASCP?

* Any other cities willing to share recent experiences, barriers, what was learned?
* Does anyone have experience in ASEAN - key opportunities they’d like to share?
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Summary

The IUS program fosters green and healthy recovery through
sustainable practices that support both economic growth and
long-term climate goals (as per East Asia Summit Leaders’
Statement on Sustainable And Green Recovery 2021).

> 5

Nature-based - Low carbon A~
solutions @ Water and food /& J
production
Low carbon Circular economy

energy approaches




Summary

Mobilizing government, the private sector,
international organizations, and other
stakeholders is encouraged to support smart
cities development towards accelerating
equitable, inclusive and sustainable growth.

e As per East Asia Summit Leaders’ Statement
on Sustainable And Green Recovery 2021




Summary

The IUS program aims to advance local climate,
health and well-being goals through innovation,
resource efficiency and partnerships.

Improving delivery of critical urban services

helps mitigate greenhouse gas emissions and
strengthens urban resiliency.




Pilot Projects: Next Steps

Pilot City Webinar Application Deadline

Application Opens

September (TBD) 25th October 2021

31st August 2021

Application will follow
this workshop

Reach out for help as needed for
your application

Join to ask questions about the
application and selection process

How to Get Started?

Establish your city’s project team and designated pilot city representative
Lookout for an email with application instructions

Contact the IUS team (parthiv.kurup@nrel.gov) with questions
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Thank You!

O ORO

* We will be distributing slides and a recording of
the workshop after the event - along with
information on the pilot city application process

* Please contact us if you would like to join our
Community of Practice

* Please provide your feedback in our post-
event survey

i iNREL

NATIONAL RENEWABLE ENERGY LABORATORY




Integrated Urban Services for US-ASEAN Smart Cities

Thank You

Contact Information:

Helen Santiago Fink Carol Lvnn MacCurd Jennifer Daw
U.S.-ASEAN Smart Cities y y Principal Investigator

Partnership - Program Manager Selrjngrg\:a’ierDPollci/trAT‘]dvr:or National Renewable
U.S. State Department - late Lepartme Energy Laboratory

. . m rdycl ) . .
santiagofinkh@state.gov RIS CIC IR o jennifer.daw@nrel.gov

i :NREL

NATIONAL RENEWABLE ENERGY LABORATORY
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