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Sustainable cities

= Cities are responsible 70% of
anthropogenic GHG emissions

= 6+ billion urban population by 2050

Bahrain twin tower

Source: CC BY-SA 3.0, https://en.wikipedia.org/w/index.php?curid=56664758

URBAN PLANKY

REVIEW

City-integrated renewable energy for
urban sustainability

Daniel M. Kansnen™*

for nfuxof 25

nd Deborah A, Suster”*

2050 1t s critical to create cities that are low

Ccarbon resllent. and hable Cites not onfy contribute 1o glotsl chmate change by emviting the
mayority of athvopogenic Feenhouse gaues but aho are particularly winer bl 10 the effects
of climate change and extreme weathec We explore aptions for establishing sustanable energy

systers by

y in the bulidings secton,

and providing rotust. decenty skaed. and rerewable energy sources. Through techne o
2vancements in powsr denty. ity integ ated rerwwable energy wil te better suted 10 satisfy

the high-energy demands of rowing uban areas. Several ecanomic. technical. behavioral, and
poiscal

s need to for

e 2007, & vater prromtage of the gob
& popuabaton has been Iving 0 urtan are
tun 1o rerel wves Incmsed ubant ek
® expectad to contine. with two thirds of
the work!'s population pragected t Bive in

wrban arvas by 2050, & net whan knflx of 2

billion prople (1), Cties today are proerally not

equppal 0 addrms doumatic urban growth and

“tran on esting Bftstrwctre B 3 setainabie

Wy, apecily wih Mgt to Sew mer eI

To be mustamnabie, cties musst themuehves, o in

e mrscures that they aenmand, baome ke

carton, nesilient, and Ivable ). Although there

an be consdersble varugion in methods for eval
uatiog the emnisions botprint of cties (1), with

5% of the popelstion Iving i urban amas, It s

estmated that itars ane QarTently responsie &

) 10 T of antirupoErne Drenbose gas e

wons (4) The two main dratrgies B tUraslton-

ing 10 & low-aubon city are 10 shift from tesll

fars b cheaes mergy sourom and o raduce o

conmumption kvede The Jow-cart

amam can be acoemginhed thrsugh meroy
cwnoy memrm, brhavionl ntervegioo, and
inax ting cartion s ks such & urban parks

Cities and thelr energy systems should also be

reilienat to natwral and hnan made thrests (7

The ety nvterms of it are incvasdngly vl

nerible 10 the efects of chmage change and o

treme weather, inchuding storms, Saoding, and

sea-bevel rise. and o 10 netural and bussas
induoed disten. In addition, urban enendy He
trm ety afect the wel bring and hagpenes
of when inhabitants Health conditions, eoomesc

mgetitvenes. csltunl appral and ocal o

e racsd gaadity e i by agheneny

secton sach as tra gt ation, food production,

and water quality

Here we evabaate wne of the mare promising
reomt tevhockogoal atvanoem mits that coukd help
urtwn amas hecueme sudtainable oties Manty op-

ot ey e [l | ety we

PRI 30 MAY 3000« VOL B HIEUE £304

10 imgrove Wban sustanatiity

foftuame amt bt hasing oo Aty (otasted
renewabile D defined & ditributed. non
fowil fuel energy genersted lacally in urban
s b the prtertinl to help tis meet sl
sustainabd ity needa Mamy of thewe renewable
sourrs Dcrmse regonal ener |ndrpendence
and cun be redundart with other soumes. tas
Exrvaming rediracy Although there are several
existing tartters 1o thetr adogtion. schstions will
ievoive incresed power densties of reewable
ety Wechackgien, ETprowd Bttty o
pubde Of @spprrtag widagrd e ated D
Pmenton ntems, and BxTmsed whan meay
ffciency. partcularty i the bullding sector

City ntegrated rvnewable energy
Abowst 75% of power groerated globally s con
sumed i cties (5. Geoerating oty integrated
ergy # the ste of enengy we coud substan
tially contritwte 10 the emvirunmental, econom
20 sl apects of urtun wstainalilty. Fas
chamdcterstic advantages of axch ditrboted en
ey yvtems inchade the abiity W (1) offer low &
Ao cartun emBann (8) o@wt agEtld Btmue
vestments for network upgrades. (k1) impart
Jocal energy Indepradence and netwark exunty
20d (1v) motivate sl capital and cobessn (6)

Wih lenied svalatie stadlation gace, re
Aewable ¢eTD @OCMLON WIhIn U arms
poses purtiouler challenge. We ase the halasce
batween e high ey demand of otees and the
avalabie energy denwity auppiied by renewable
SETrs a8 & RATting potst S an analyti frame
wurk r decar bonkand urban o (Fig. 1) How
et in the wavs of Inewation Bt will be nevdad
ratrpes rangng S space twsed solar ey
W small modudar oudesr power nstems, dorp
uthermal nateme, and dther roemtin ogtons
cnikd traneionm the merp lndsape In atdexn
g Erenbous G oo, these
wies may reduce the conuTpion of wate, Al
At ther remmirces

o ol

wic and techoical advances have
made ity ntegated sidar Wechnologes |ncovas
Iy attractive Since 2000 the Eutalied jrice of

i enery ha drgped by @ muh as Y
Drapte sutatantial ronomec progvs and st
cipated st gurity with fossd fuels, renew atde
energy technakopes have often been itird
for their low power demsities, making them
inagpeugriste for whan sppd st
Uve estimates of the power denslty of slar pho
tovoltabos are sround 10 W/m'® (8), sssening an
sverage direct solar irradistion of 100 W/ nr
which s typical for the United Kingdom, and &
photovolaie efficiency of 0% However, the
wdx mscune b highly repondependrat. and in
soene repons, anned At solar Fmdtion an
exond 300 Wim' (9 Many of the mgions e»
pectad 10 experience the Dratest increase i
urbanizat o are baated in sodar
For example, the ma,
of India eperiences = moual dimet solar &
Bathon of v ) Wm Addtiondly. the
eBrwny of photoveltars ha Incrvased stasdily
and has alwady nrpmmed WP & the lsbortory
wdng amomtted multiuctn ol U5 Hence,
under aptimal condit o, the power denaity of
photovolaios coukd exoeed 120 W/m®

Several stacies have mtoated the photow it
poteatial of essting Atie (1t Etecated photo-
voltaios have the potentidl to satay @ of the
curmmt dectricity needs of Oviras, Fortugal (27
and 60% of the clectricy needs of Bardejov
Shovakia (£ Highe@icency commercially nad-
able photovoltacs only on wetable mofops coukd
satafy 107 to 1IN of the dady deactrioty dernand
nd 477 1 94 1% of the morning pesk dectriaty
demand of Mumbal, India 00). With a 20% adop
ten rate, solar powered uwhan mikrogids coukd
reduce the gid demand i Cambridge, MA, %
almost sero st meddey (14

Heating i 1t o 0% of the ghobad
enerD demand and 7T% of the enerp demand
within the buthS rgs sevtor (85) Urhan sclar ther
mal enery. sprctfically B guce and domests
water henting, has been an arwm of partculas re
semvh mterest With ofSarnos wp to SO (5
bar ot water eystems offer 3 thermal jower
deraty @ 10 240 Wym ' under aptimal aonditins
1 thermal . whemas the ghotml awmprd
termal power derny of whar heat alwtes 1
Wom' (65 Becasse denatic slar hot-water
heaters am low<ost and compact, one sudy
showed that 8% of urtwn househobds 13 China
install the system on their roofops ( 17)
Sckar thermmal energy 16 also wsed f0r passv
active space hasting. A study of Sw Awstmlian
Oties showed tha the we of 3 Trombe widl could
et ey M U 10 1% () Sensonad solar
thermal menD Srag b @ agpmach tha stoms
wokar thrrmal men coliected (5 e s &
heating i the cokder monthe. This technology
provides up to GI% of the total mengy needs of &
Lanpe resicdential budding i Richmond, VA (/9

The exploitability of the sober mscuree s high-
ly sffected by whan Hem. Although tabler bushd
D o taghey martur tovokime mtan, allwing
for ncrvmsed facade integrated whkar techaokage.
they alio Excrense the risk of vertical obtroctine
and shading (301 ARhcoaugh bghling Scade jrs
vade aloumt tnjhe the arem of huiking nof they

ns Conwens

coul

wlencemag g SCTENCE

S Oy pogmCrIMO()

6107 '9 Ay UO B0 Ceusecuars SoUsO



Diverse energy assets for cities

Onshore Wind

Offshore Wind

Zero Emission

Power Plant

Real-time management of these assets can ensure energy independence, reliability and resilience






i © Tri-states area has been hard hit with severe weather
- « 2010 snowstorms

« Tropical Storm Irene, August 2011

* Freak October snowstorm, 2011

* Hurricane/Superstorm Sandy, 10/22-11/2, 2012

» Blizzard of 2013

| '/, » Storms have left hundreds of thousands without
v power for long periods of time, in some cases in
excess of 10 days

» large-scale devastation
» threat to safety and security of residents

 disruptions to everyday rhythms of 215t century
life

» Policymakers scramble for ideas: somebody trots out a study on the cost of
undergrounding power lines

“The most recent report in 2007 estimated the cost of placing the state's 1,330 miles
of 345 kilovolt transmission line underground and maintaining it would be $27.8
million a mile compared to $6.8 million for the same length of overhead line.”—
CTPost.com
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Peak Qutage I.evels and Duration of Restoration. bv Company

Peak Outage Time of Majority Restoration Duration of Majority
Company Level Start of Event Time of Peak ( < 1,000 customers remaining) Restoration
NGrid 37,588  10/29 @ 1330 10/29 @ 2130 10/31 @ 1530 2 days, 2 hours
RGE 26,580  10/29 (@ 1430 10/30 (@ 0730 11/02 @ 1930 4 days, 5 hours
CHGE 83,551  10/29 (@ 1030 10/30 (@ 0300 11/04 @ 0330 5 days, 17 hours
NYSEG 116,069  10/29 (@ 1030 10/30 (@ 1530 11/08 (@ 1330 10 days, 3 hours
ORU 145,716 10/29 (@ 1300 10/30 (@ 2100 11/09 @ 1900 11 days, ©6 hours
ConEd 824,991  10/29 @ 0700 10/30 @ 1730 11/12 @ 1200 14 days, ~5 hours
LIPA 950,943 10/29 (@ 0630 10/30 @ 1600 11/15 @ 1200 17 days, ~6 hours
Statewide 2,109,877  10/29 (@) 0630 10/30 (@ 1700

| 2,185,438 Sum of peaks |

Time of Full Restoration Duration of Full

Company ( <100 customers remaining) Restoration
NGnd 10/31 @ 2130 2 days, 8 hours
RGE 11/03 @ 1730 5 days, 3 hours
CHGE 11/04 @ 1930 6 days, 9 hours
NYSEG 11/08 (@ 2100 10 days, 11 hours
ORU 11/10 @ 1500 12 days, 2 hours
ConEd 11/12 @ 1200 14 days, ~5 hours
LIPA 11/15 @ 1200 17 days, ~6 hours

Note: Flood affected customers are not included in this analysis.



Sustainability + Resilience



Joint implementation of sustainability and resilience

= Two closely related but, especially in practice, distinct concepts

- Both concepts express the most important goal for a system: its integrity and
survivability when its internal conditions and external environments are normal or
subject to disturbances

- In the context of management practice, major differences include

- Scales: sustainability focuses on larger spatial scales and longer temporal scales.

- Equitability: Inter-generation and inter-region equity is at the core of sustainability concept, but
resilience may be achieved at the expense of future generations and of connected systems.

- Process vs performance: Resilience emphasizes process, and sustainability emphasizes system
performance and outcomes.

* Three perspectives for the joint implementation of sustainability and
resilience (Marchese et al, 2018):

- Resilience as a component of sustainability: for a system to be sustainable as the
primary objective, planning process needs to consider its vulnerabilities to disturbances.
The sustainability of a system increases as resilience increases, but not vise versa.

- Sustainability as a component of resilience, i.e. sustainability is pursued as a factor that
can contribute to resilience as the ultimate goal of the system;

- Resilience and sustainability as separate objectives (e.g., negatively correlated,
uncorrelated, or positively correlated)



Four essential elements of resilience

PRIOR TO AN EVENT DURING AN EVENT AFTER AN EVENT

The ability to absorb shocks | The ability to managea |  The ability to get back to
and keep operating disruption as it unfolds ! normal as quickly as possible
INCIDENT- | i
ROBUSTNESS RESOURCEFULNESS RAPID RECOVERY
FocuseD i '

POST-INCIDENT
LEARNING

ADAPTABILITY/LESSONS LEARNED

The ability to absorb new lessons after a disaster



Smart city

Internet of Things (loT) leads to transformational changes in urban energy systems, as well as
in buildings and transportation sectors

Seven defining characteristics of smart cities:
- sensible, connectable, accessible, ubiquitous, sociable, sharable, visible and augmented

- Technically possible to close a loop critical to city operation: sensing, communicating, decision making,
and actuating tasks in automated and more accurate manners

Use military doctrine Network Centric Warfare to operate city:

- respond to surprise and urgent adverse events

- shared situational awareness and decentralized decision-making by distributing information
- An example: dynamic islanding and dynamic microgrid

New challenges associated “being smart(er)”
- More complexity
- Vulnerability to man-made adverse events (e.g., cyber-attacks)

Cooperation from people as individuals and as organizations. Attractiveness of smart
technologies depends on their own analysis of

- feasible options

- valued outcomes (comfort, cost, health, privacy)

- uncertainties (controlled by utility? consumption data is protected?)

10



Smart Grid: a network of integrated microgrids
that can monitor and heal itself

SMART GRID P —

A vision for the future — a network [
of integrated microgrids that can
monitor and heal itself.

Demand Management

™\ Use can be shifted to off-peak
J times to save money.

Source: Kurt Yeager, Galvin institute
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Energy systems in smart cities

= Enormous benefits

- the avalilability of energy-use information with high spatial and
temporal granulations

- reduction In total energy use and carbon emissions

- lowering peak demand

- mitigating load pocket, and

- quicker restoring power supply (especially to critical services).

= Research questions
- What are the new energy problems in smart city?

- What are the appropriate interventions (e.g., technologies,
policies) to address these problems so that best energy
services can be provided?



Need new framework for urban energy system

= City as a complex adaptive system, and the six elements

Energy resources: solar, geothermal, wind...
Hardware: energy use and generation/harvesting devices, pipes, wires....

Processes: “organized collection of signal tools” (i.e., generation, detection, and perception)
to govern energy importing & harvesting, and the installation and operation of energy
hardware

People: individuals involved in energy activities (e.g., harvesting, use, and storage) as
homeowners, building occupants, drivers and passengers

Institutions: formal and informal rules governing the behavior of individuals and organized
individuals

Activities: tasks including plan, design, invent, implement, manage, and utilize energy system
for specific purposes

= City boundary: geographic-plus boundary

All within the administrative boundary, plus

substations, transmission lines, and central power stations connected to city but located
outside the administrative boundary

13



Natural Stressors
(hurricanes, earthquakes,

Technological Stressors
(device/equipment failures,

Economic Stressors
(recession, infrastructure

Human Stressors
(deliberate human acts, e.q.,

tsunamis, elc) cascading failures, etc) deterioration, elc) terronist attacks)

— I

| Organized Signal Process and Energy Process I
(Sensing, communicating, decision making, & actuating; energy

I harvesting, conversion, delivery, distribution) I

Out-city Energy In-city Energy ity Hard
I Infrastructure Resources "(‘convmm storage. I
I (energy resources, (e.g., solar, wind, stored delivery) I
conversion, & delivery) energy)

I Activities by Individuals or Organizations |
(plan, design, investment, implement, manage, & utilize energy

I system for specific purpose) I

| Out-city Individuals & In-city Individuals MGy A AN |

I Organizations (as homeowners, drivers etc) (bus:r;s;i ;lsh?é)socxal I

| Institutions I
(formal & informal rules governing the behavior of individuals &

I organizations: policy, administrative, legal & regulatory, financial, I

mafket social, information & awareness)

== == = Geographic-plus boundary

Administrative boundary Physical Energy System Social System
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Integrated assessment and usefulness

= As a process connecting knowledge and actions,
usefulness (or effectiveness) measures:
- Issue defining and framing,
- Identifying and evaluating options for interventions, and
- ultimately actions adopted by society to address the issues

=Three attributes of effective/useful assessment

- Saliency: How relevant to the changing needs of targeted
users?

- Credibility: Are the technical arguments true? and

- Legitimacy: Is the assessment process fair and respectful to
stakeholders?



List of guiding questions

= \Who are within (and outside of) the city boundary? Whose
needs for energy services have higher priorities? Whose
energy services are vulnerable to stressors? Who are the
decision makers determining the desirable energy services?
Who can influence decision makers?

= \What issues decision makers concern about? What are the
desirable energy services in smart cities? What are the
technological and policy options to improve the sustainability
and resilience of smart cities? what are their valued outcomes
and uncertainties?

= Where are the severe impacts of stressors?

= How are key decisions influenced (automatic, individual
decision making, and through political process)?



Dynamic MicroGrids — Generation which is self driven to find the

best fit load to serve at the distribution feeder level

— : — ; R S -x: = —A — —
& & A B B = =

Microgrids self- _ MicroGrid @

island and can
also power
isolated
customers
where the
distribution is
intact
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From structure to a relational framework

Stressors Enhancers
Prob(events) ($)
Electric Critical Social
Households Grid Services
HH (1...N) ({CSS) (1..M)
b 1
Full loads : Full loads
HH Substation cSS
Essential 2% Feeders . Essential
loads HH (1...L) loads CSS
s
Y
DERs HH Se‘ﬁ”“,'(z)e's DERs CSS

Resilience Coot i Electricity Critical £

: v service social
Analysis transition (%) Santaos recovery
Envionimena watr
Sustainability pgm:m Land use Watsr use availability

Analysis




Scenario In the two case-studies

= Context: extended period of power outage
= Typical residential buildings

= Sustainability: PV system that meet all the electricity needs of the
households

= Resilience: capable of disconnecting from grid and operating at “island”
mode

» Households maintain normal load as much as possible
= Dispatching priority during the outage: 15t PV, 2"d car battery, 3" gasoline

* The household has 1 plug-in hybrid electric vehicle (Chevy Volt, or Chevy
Bolt, or Toyota Prius Prime)

Battery capacity Fuel tank capacity Electricity equivalent
Vehicles (kwh) (gallon) (kwh)
Chevy Volt 18.4 8.9 243
Toyota Prius Prime 8.8 11.3 316

Chevy Bolt 60 0 0
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Case study 1: Long Island, New York

E PV M Chevy Volt battery W Chevy Volt gasoline

w E= u

Load profile and Electricity supply (kWh/h)
[

0 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Hour

o
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Case study 2: Villa in Riyadh, Saudi Arabia

8

mPY mChevyVolt battery ® Chevy Volt gas

10 11 12 13 14 15 16 1V 18 19 20 21 22 23 24

Load profile and electricity supply (kWh/h)
= 2 5] = L o ~l

]

Hour
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Summaries and implications

= Without DER (i.e., PV and PHEVS/EVSs), no power supply, miserable life

= With PV only,

- LI house can have full power supply for 6 hours, partial supply 2 hours;
- Riyadh villa full supply 7 hours, partial supply 5 hours,

= With PV and PHEV

- LI house has full power supply all day (24 hours), and gasoline in the tank is
needed

- Same to Riyadh villa, but gasoline is essential.
- Implications: PHEV

= Future work
- Feeder-level simulation
- Power outage for multiple days
- District cooling
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