
54 PERVASIVE computing Published by the IEEE CS   n   1536-1268/17/$33.00 © 2017 IEEE

Beyond Data in the 
Smart City:
Repurposing Existing Campus IoT

T he Internet of Things (IoT) is often 
portrayed as key to opening the 
door to smart cities, heralding a 
“smart future” facilitated by tech-
nology that joins together systems 

to provide better control of resources. Improv-
ing such control can increase efficiency, reduce 
waste and energy use, and lower greenhouse gas 

emissions from public services 
and infrastructures.1 Sensors 
that provide data about city life 
can encourage “a single view of 
the truth,”2 understood using 
big data analytics and decision 

support systems, revolutionizing how cities oper-
ate and are managed. However, in these systems, 
the energy requirements of people can be over-
looked, with qualitative and nuanced views of  
how energy supports practice, business, and 
everyday life falling by the wayside.

Irrespective of the confidence we place in 
some of these grandiose claims, there is little 
question that data and analytics have been 
catalysts for revolution in other domains and 
are worthy of exploration in terms of how 
they might help cities more effectively man-
age their resources. Here, we offer some les-
sons based on our own relatively modest case 
study of creating a software platform to help 
make our campus “smart.” This is part of a 
broad and ambitious initiative to transform 
Lancaster University into a living laboratory 
for sustainability.

Our case study focuses on an early step in this 
process: integrating data from the existing en-
ergy and building management systems to en-
able integrated analysis and optimization. This 
process has helped us identify several opportu-
nities for innovating with regard to energy and 
sustainability while also highlighting challenges 
that threatened the project’s viability. Our work 
draws attention to gaps in knowledge in this 
type of research in terms of how to assess emerg-
ing ethical concerns and better identify and un-
derstand the everyday needs of the people who 
live, work, or study at the campus. Our goal 
here is to share the challenges we experienced 
to help other smart city technologists.

Multibuilding campuses commonly span both 
academic and industrial institutions, resulting in 
densely populated areas in which people conduct 
a multitude of day-to-day practices. The resources 
and infrastructures provided by such campuses 
are implicated in these practices and are directly 
linked to the bottom line of not only the campus 
itself but also the city in which it resides. IoT de-
velopers will face similar technical and organi-
zational barriers involving integrating complex  
financial or institutional constraints and priori-
ties. We reflect on why creating this platform has 
been more challenging than we first thought and 
present a set of lessons learned and opportuni-
ties for the community. We hope that drawing 
attention to these issues will start an important 
dialogue among practitioners and researchers in 
academic and nonacademic settings alike.

A case study using existing Internet of Things (IoT) infrastructure to 
create a campus-scale “living laboratory” that promotes energy savings 
and environmental sustainability reveals challenges and opportunities in 
developing smart cities and buildings.
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Energy Information System 
Case Study
Energy data is our starting point: by 
making data about energy and building 
use on campus available more widely 
to a variety of stakeholders, we aim to 
bring new ideas and innovation to ad-
dress the challenges of sustainability 
and to strategically inform operational 
decision making. Our platform inte-
grates various data sources relating to 
energy demand and building use. Our 
logic for this is simple: our campus in-
frastructure isn’t optimized, so if we 
can demonstrate energy savings (a sub-
stantial cost to the institution), then we 
can build confidence and stakeholder 
buy-in for the platform and the wider 
sustainability project.

The campus is in many ways a city in 
microcosm. Lancaster University com-
prises over 288 buildings, which in-
clude offices, lecture halls, laboratories, 
small business incubators, a theater, a 
library, a sports center, shops, and resi-
dences. There are 13,300 students, of 
which over 7,000 live on campus dur-
ing term time. There are 2,350 employ-
ees and numerous visitors and service 
delivery personnel. The campus con-
sumes over 80,000,000 kWh energy 
per year across 360,000 m, costing in 
the region of £4 million annually. Solely 
in energy terms, the associated CO ex-
ternality is over 19,000 tons annually.

We need to make the campus infra-
structure available in a controlled way 
so that we can better understand and 
optimize campus’ systems performance, 
identify waste and targets for energy 
savings and infrastructural improve-
ments, and bring innovative solutions 
and analysis to bear. The campus elec-
tricity, gas, water, heating, and cooling 
is overseen by a building management 
system (BMS) with more than 100 con-
trollers—one or two buildings per con-
troller, with more than 5,000 attached 
sensors—and an energy monitoring 
system that captures the consumption 
of electricity, water, and gas using just 
over 900 sensors. The systems and in-
frastructures used to manage and moni-

tor buildings and energy on campus are 
proprietary, with access to the raw data 
(such as data about energy consumption 
and the heating of buildings) accessible 
only via dedicated software. 

To bring together energy and build-
ing performance data with the other 
data sources for the first time, we cre-
ated a central data hub called the En-
ergy Information System (EIS). This 
EIS will be key to properly evaluating 
the campus estate and any energy-sav-
ing interventions. We successfully inte-
grated the following data sources:

•	Building management systems—
the BMSs control the heating, cool-
ing, and ventilation on campus and 
provide related data. They also pro-
vide a large range of telemetry data 
for the combined heat and power 
(CHP) generator, the boiler room, 
and internal and external building 
temperatures.

•	Energy monitoring system—the 
EMS controllers let us get data from 
attached sensors that aggregate 
readings from the energy monitor-
ing subsystems used to understand 
the energy consumption and flow 
across campus. The EMS covers 
electricity, gas, and water flow.

•	Wind turbine—the performance of 
the wind turbine is measured every 
10 minutes and reports the wind 
direction and speed, blade rotation 
speed, and power (kW) and energy 
(kWh) produced.

•	Campus timetabling and room 
booking—this data source provides 
all room booking events (meeting 
rooms and lecture halls but not of-
fices), including class timetables.

•	Local meteorological data—a local 
meteorological office-grade weather 
station provides the ambient temper-
ature, relative humidity, wind speed 
and wind energy (10-minute aver-
ages), and minutes of sun each day.

Data-Driven Insights
Figure 1 shows energy use for four 
buildings overlaid for one calendar 

week in 2015. As you can see, the daily 
rhythms of energy use climb slowly as 
the week progresses but also return to 
a substantial baseline energy load over-
night. The EIS lets us drill down below 
this top-level view to further explore 
what composes these loads.

Unlocking Data for Stakeholders
We make EIS data available in raw for-
mat (CSV, API) via a Comprehensive 
Knowledge Archive Network (CKAN; 
https://ckan.org) server. However, de-
spite fast initial progress, this proved 
complex at the entire campus level, 
as we discuss later. We formed steer-
ing and user groups to help us refine 
the platform to meet key stakeholder 
needs.

Understanding Day-to-Day Life
The data exposed via EIS has en-
abled the interrogation of how, when, 
and why energy is used on campus 
(compare the patterns of consump-
tion in Figure 1 and of heating in-
put and temperature in Figure 2). 
Early results indicate that the gran-
ular data provides a limited repre-
sentation of the complex configu-
rations of people, technology, labs, 
offices, and living spaces implicated 
in practices. The results also indi-
cate that more nuanced and detailed 
enquiries reveal important socio- 
technical perspectives, which data-
driven perspectives can overlook.

Opportunities
There are several straightforward 
ways in which data from our EIS is 
already helping researchers work 
with facilities managers at Lancaster 
University.

Providing Strategic Oversight
By providing a view of energy demand 
and consumption through business in-
telligence tools, we’re engaging univer-
sity management and revealing some 
of the complexity of why energy and 
building systems on campus perform 
in certain ways.
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Optimizing Heating Systems
We can also help reduce wasted energy 
from overheated buildings. Figure 2 
shows that the indoor temperature in 
this specific building is above a nominal 
22°C level from approximately 5 a.m. 

until after 9 p.m. Assuming a “normal” 
temperature range of 19–22°C, we can 
reduce the temperature by at least 2°C 
for most of the day. We can also turn the 
heating on one hour later and turn it off 
three hours earlier to maintain this tem-

perature from 6 a.m. until 6 p.m., re-
ducing the heating period by four hours. 

Although this snapshot is certainly 
not representative of the entire es-
tate, it represents a potential 25 per-
cent reduction in heat input to this 
space. Additional savings are also 
anticipated, assuming we can heat or 
cool spaces only when they’re in use 
or change expectations regarding in-
door comfort.3

Conducting Live Experiments
Perhaps the most exciting potential of the 
platform is its ability to conduct—and 
measure the effects of—experiments  
designed to reduce energy impacts at a 
small city scale. In the past, it has been 
difficult to measure the effects of our 
interventions due to our limited access 
to infrastructural sensors.3–5 We’re 
currently engaged in a project with uni-
versity facilities to explore room-level 
heating control for an entire building.

making Sense of the (Smart) City
The living laboratory lets us integrate ex-
perimental energy supply-and-demand 
technologies. It also presents a great op-
portunity to understand peoples’ role in 

Figure 1. Top-level energy use for four buildings on campus. Weekdays clearly exhibit higher peaks than weekends. Substantially 
different baseline loads are also obvious, but the load is not normalized by building size or occupancy.
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Figure 2. Temperature and heating input to a seminar room from historical data used 
to create a new control schedule to avoid overheating and to use heating only during 
occupied hours.
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the city and how this relates to energy 
and emissions. From an interdisciplin-
ary perspective, it’s important to more 
clearly understand the implications of 
smart cities and living labs on those who 
live, work, and study in them. 

We echo calls for better contextual-
ization of the day-to-day lives of citi-
zens in the smart city to help understand 
how people integrate and acknowledge 
the smart city environment6 alongside 
how the smart city affects changes in 
everyday practices and routines of citi-
zens7 (though some might argue that it 
shouldn’t!). We hope our research can 
help explain how smart city technologies 
can be domesticated into everyday life.8

Challenges
Despite aligning with university sustain-
ability priorities and enjoying consider-
able support from influential decision 
makers around the university, creat-
ing this platform has been challenging, 
precisely because it cross-cuts the or-
ganization and many stakeholders. We 
now discuss the challenges relevant to 
researchers and smart city developers, 
especially those operating at a similar 
scale and context.

Data Granularity and User  
Requirements mismatch
The stakeholder requirements for tem-
poral and spatial data aren’t fixed. 
There’s a tension between the ambition 
of some researchers and the data that 
we can make available given the under-
lying systems’ limitations. For example, 
researchers might want a room-level 
breakdown of energy consumption, 
which might be a finer resolution than 
the system can or is likely to provide.

Similarly, a standard metering inter-
val for energy data is 30 minutes, which 
is considerably coarser than what’s  
required for typical nonintrusive load 
monitoring and state-of-the-art energy 
disaggregation systems.9 We need to be 
able to cope with different nonhomoge-
neous sampling intervals across hardware 
but offer uniform aggregate views as a 
basis for comparison. Our user require-

ments continue to co-evolve with our 
campus community and estate. We plan 
to offer cleaned, resampled, and raw dis-
aggregated datasets via our data portal.

Complexity and missing metadata
Even at the campus scale, you can’t  
underestimate the complexity of or-
ganizing the data and data sources 
into meaningful hierarchies and un-
derstanding the context for intelligible 
use. Meters connect at different points 
in both electrical and spatial terms. A 
meter might include a particular cir-
cuit (say, lighting), or it might be one 
of multiple meters relating to the same 
physical space. BMSs evolve over time 
and grow organically with the evolu-
tion of buildings.10 This digital-physical 
mapping typically exists outside of the 
existing system—sometimes in digital 
form but sometimes as the “tacit knowl-
edge” of operational staff. This needs to 
be captured, encoded, and brought into 
the system.

System age and Complexity
Unlike our previous research deploy-
ments,3,4 which were deployed at one 
time using homogeneous hardware and 
software, the campus environment has 
evolved over decades. The management 
infrastructure reflects this evolution, 
and there are many types of equipment 
manufacturer and technology. This is 
particularly true of the BMS, where dif-
ferent versions of the same manufactur-
ers’ hardware and other hardware en-
tirely are found in buildings constructed 
during different eras. A large portion of 
the work on our platform has gone into 
“unlocking” these potential data sources 
and developing software to manage im-
portant data from these devices.

Security and Critical 
Infrastructure
There is currently a gray area when it 
comes to security concerns and iden-
tifying who is prepared to “own” the 
problem should the smart infrastruc-
ture misbehave intentionally or unin-
tentionally. Our platform requires that 

traditionally closed infrastructures—
such as energy metering systems, 
BMSs, weather stations, and teleme-
try from boiler houses and wind tur-
bines—are made open to our system. 
This naturally raises fears and con-
cerns about security, not only for our 
system but also in terms of the wider 
access to critical infrastructure and 
potential for new attack vectors. There 
are also concerns about data sensitiv-
ity, given the finer grained sensing as 
well as the existence of commercially 
sublet premises on campus.

We have found that decisions around 
the security of IoT and its data extend 
beyond the remit of existing well-de-
fined security policies and decision-
making processes. Sometimes, security 
and the maintenance of the infrastruc-
ture are in tension. Usernames and 
passwords are the gateway to the un-
derlying sensing and actuation that 
controls the energy flows and building 
systems on campus. In a modern age, 
where hard-to-crack passwords are al-
most taken for granted, we forget that 
secure passwords and encryption can 
complicate fault finding across large 
and physically distributed critical en-
ergy infrastructure during emergencies, 
especially when external companies 
and contractors are involved.

Understanding the meaning  
behind the Data
Figure 1 illustrates how energy con-
sumption data, on its own, is insufficient 
to make decisions for a department or 
building. As one of the larger energy 
users on campus, it would be tempting 
to target Building 1 with a number of 
standard energy-based interventions to 
“change the behavior” of its occupants. 
In reality, making energy reductions isn’t 
that simple (consider Yolande Strengers’ 
questioning of whether we should design 
for the “Resource Man”11). The dynam-
ics of a building such as Building 1 are 
completely different from any of the oth-
ers shown in Figure 1.

Building 1 is a large and complex 
mixed-use building; it contains a lot of  
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energy-intensive equipment spe-
cific to ongoing research in environ-
mental sciences and biology, which  
requires close (and energy intensive) 
environmental control. To some ex-
tent, energy is science, and changing 
the infrastructure to save energy could 
impact scientific findings. Accurately 
capturing this kind of consequence is 
essential to informing the design of 
energy and sustainability policies and 
technologies for the people—and the 
practices that go on—inside specific 
buildings. We advocate qualitative 
observational and ethnographic field-
work to develop these understandings 
and inform intervention design. Smart 
city platforms thus must capture, and 
make available, this kind of qualitative 
metadata alongside the data to ensure 
these understandings aren’t lost.

Responsibility
A particular challenge for our project 
has been identifying who should be re-
sponsible for running and maintaining 
the project, given that the goals cross-
cut the institution and thus budgets. 
Until we can demonstrate a substan-
tial return on investment (reductions), 
it will be difficult to find the necessary 
resources to conduct wide-reaching and 
cross-cutting sustainability projects of 
this kind (which are not directly the 
core responsibility of any single deci-
sion structure for teaching or research).

Given the technical challenges of 
the various hurdles for accessing data, 
changing infrastructure, and develop-
ing software, the project needs a cham-
pion who has a broad perspective of the 
entire system and who will push for the 
system regardless of his or her domain 
or own specific interest. The problem 
lies in other parties (researchers or in-
vestors) having other, more pressing 
concerns in their day-to-day roles; un-
til the system is complete (and it might 
always be developing and growing), 
stakeholders will find it difficult to un-
derstand how the system benefits them. 
The system needs a champion who can 
talk to a diverse audience. The longev-

ity of this project currently resides with 
invested individuals across the orga-
nization—such as the researcher and 
energy manager. Consequently, iden-
tifying these motivated stakeholders is 
essential to the project’s success.

Ethics
It’s far from clear to what extent we’re 
allowed to conduct living laboratory 
experiments that affect the expecta-
tions and established norms of cam-
pus life. We don’t anticipate requiring 
ethics process approval as long as we  
optimize the existing estate without 
discomfiting campus users (for exam-
ple, by only turning off the heat for a 
space that’s considered unused). A tra-
ditional study involving human subjects 
requires disclosing the study to poten-
tial participants and explicitly having 
them opt in. How can this process scale 
to entire buildings or sections of a cam-
pus? What happens if certain partici-
pants opt out, yet the effects of changes 
to participants around them bleed 
through and affect them? We don’t yet 
have answers to these questions.

In a living lab, we might well face an 
ethical dilemma: to what extent are we 
engaging participants in the goals of 
the study, and to what extent are they 
being experimented upon? So-called 
“natural field experiments,” in which 
participants are unaware that they are 
taking part in an experiment, provide 
potentially powerful evidence that en-
ergy savings can be made in real do-
mains, without self-selection biases. 
These kinds of experiments are more 
common in certain disciplines, where 
fundamental ethical principles of mini-
mizing harm to participants are consid-
ered sufficient, but in many countries 
and disciplines, that would require 
making adjustments to ethical approval 
processes and codes of practice.

Sustaining a Smarter Campus
Looking forward, as the campus ex-
pands and new technology is retrofit-
ted to replace existing systems, there 
will be challenges around the integra-

tion of new and different solutions for 
the EMS and BMSs. For integration 
into the EIS, continued support will be 
required from the university to ensure 
successful expansion and maintenance 
of the platform.

Reflection and Lessons 
Learned
Our project has been more difficult 
than we anticipated. We remain opti-
mistic about the potential benefits and 
hope to provide centralized data stor-
age and access, as well as new data to 
inform policy and energy-related deci-
sions and new opportunities for build-
ing applications and tools that can 
save resources and possibly improve 
research. These benefits should not be 
small by any means, but it’s crucial to 
reflect on the current state of the project 
and its potential limitations.

Danger of Grasping  
Low-Hanging Fruit
Pragmatically, it’s expedient to focus 
on gaining value from existing infra-
structure. Our proposed system pres-
ents “low-hanging fruit” opportunities 
for ICT and computing (for example, 
opportunities to expose and explore 
energy in day-to-day life, develop ap-
plications for data visualization and 
decision support, connect existing sys-
tems, and close the automation loops of 
existing BMSs). From our experience, 
it’s important to first identify areas 
(buildings, infrastructures, and so on) 
that might look interesting to inform 
further investigation.

Questions remain about energy de-
mand and whether quantitative data 
and systems such as the EIS are suffi-
cient to inform decision making. Where 
data is used as a lens for understanding 
a problem, it’s easy (given the scale of 
the new resource) to ignore the limi-
tations of what’s being represented or 
even misrepresented along with infor-
mation and context that’s not being 
captured quantitatively. The tempta-
tion might be to increase the levels of 
monitoring (disaggregated sensing, 
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finer granularity data, appliance-level 
monitoring, and so on) or to pair data 
sources with qualitative accounts (for 
example, methods or approaches to un-
derstand practices).

Although these might seem like 
natural avenues forward, the reality 
is that new technology might not play 
well with existing systems. In addition, 
campus-scale deployments of IoT for 
sensing and control require consider-
able investment, and sociological-based 
qualitative studies or ethnographic ex-
plorations of the campus might struggle 
to capture the full diversity. Although 
these are all attractive in smaller scales 
on campus (student cooking practices,4 
for example), the reality is that these 
solutions don’t scale well due to de-
ployment and maintenance costs. The 
worth of this kind of study comes in 
developing new understandings of how 
a campus is implicated in practices, and 
how these understandings can help in 
the (co)design of a smart and sustain-
able campus.

The Data Tells You Only One Story
Data tells you one story about energy 
consumption,1 but more often than not, 
energy is not linked to why or how it’s 
being consumed. There’s a need to un-
derstand the system to reform it. We 
should be encouraging data-aware  
design12 over data-driven design to pro-
mote a fuller understanding of the impli-
cations, limitations, and boundaries of 
the data we collect. To do this, it’s impor-
tant to capture the complexity of the sys-
tem and its use through multiple lenses 
(such as through systems thinking13 or 
sustainability14 lenses), and not just with 
an increase in the levels and granularity 
at which we perform sensing.

One way of doing this is by work-
ing with citizens and stakeholders 
(employees, researchers, security per-
sonnel, businesses, hotels, campus resi-
dents, and so on) to understand their 
requirements to better inform and 
contextualize the data in the EIS. We 
need to incorporate nuanced qualita-
tive understandings of the everyday 

lives of (at least a subset of) these citi-
zens and stakeholders4 when the data 
is exposed (though business analytics, 
in applications, or in aggregated data, 
for example).

The Link between Energy and 
Practices
Primary qualitative data has high-
lighted that it is important to under-
stand the roles of people and technology  
and to understand the spaces in which 
people study, live, and work. This un-
derstanding is important to the success-
ful integration of smart technologies in 
areas where technology can’t currently 
be used to capture and comprehend hu-
man complexity and variations. At this 
stage, we have struggled to make the 
case to management and other data-
driven practitioners that we must in-
corporate the role of social rhythms 
and variations in practices to promote 
a sustainable campus (a related discus-
sion appears elsewhere15). 

Repurposing and Retrofitting IoT
IoT offers the potential to exploit ex-
isting infrastructure for the smart city. 
It’s worth pausing to question whether 
the technology already present is good 
enough for the job. Questions over 
data granularity come back to industry 
standards (for example, 30-minute ag-
gregate energy meter readings for the 
EMS) versus the (potentially infinite) 
requirements of researchers. For sev-
eral stakeholders (such as managers and 
some statisticians), the current granu-
larity of data is good enough (30-min-
ute bins). However, looking forward, 
with the expectations of subsecond live 
data that the smart grid and storage 
techniques might rely on (such as data 
at 100 Hz granularity), will we need 
finer/higher granularity than what IoT 
promises?

One case for retrofitting is the incon-
sistent disaggregation due to a variety 
of differently aged meters and manu-
facturers being used throughout the 
EMS. The aggregation and representa-
tion of the data provided is dependent 

on subsystems, the age of building, and 
the age of the technology, all of which 
have been affected by changes in stan-
dards over the years. The inability to 
obtain higher granularity data might 
be a barrier for some researchers, in-
cluding those who wish to investigate 
applications for the smart grid and mi-
cro generation. Retrofitting new tech-
nology across the campus is an option, 
but not one that will happen overnight.

Interdisciplinary Co-Creations
Although computing can deal with 
large amounts of data and operation-
alize energy-related interventions and 
control elements in the smart city/
campus, it has its limitations. When it 
comes to the smart city, there is a seri-
ous need to understand how the smart 
city affects the everyday lives of its 
citizens.

Requirements and implications of 
the smart city can be more deeply un-
derstood by turning to other fields of 
expertise—fields that are more classi-
cally trained in understanding humans 
and their interactions with technolo-
gies (ethnographers and designers, for 
example) and in understanding the dy-
namics and planning of cities (building 
managers, office managers, and civil 
engineers, for example). Experts in en-
ergy, energy systems, and environmen-
tal systems will also be important (such 
as scientists, engineers, and energy 
managers). By engaging these experts 
to help make informed decisions about 
designs for the smart city, we will be 
better equipped to understand the non-
technical limitations when it comes to 
designing for city, campus, and energy  
systems. By leveraging this expertise, 
we can develop an understanding of 
energy supply and demand and co- 
create a smart campus for all citizens 
and stakeholders.

Challenging the Rhetoric of  
Energy Waste
It’s key to acknowledge that energy 
is science, energy is business, and en-
ergy is tuition. Energy is required to 
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run the campus and the services it 
provides. Simply put, it doesn’t always 
make sense for the institution to have 
aggressive reduction-centric goals and 
expectations around the consumption 
of energy. From the engagement with 
a variety of stakeholders (the manager, 
building manager, researchers, lectur-
ers, and businesses), the answers to the 
question of whether energy is actually 
being wasted seem more complex than 
those provided by analysis of quantita-
tive data provided by the EIS.

Although we agree that inefficien-
cies should be addressed (such as not 
lighting or heating buildings not in 
use), it’s crucial to recognize that en-
ergy is the core resource that makes 
practically everything that happens on 
campus possible, including aiding the 
increase of the institution’s impact in 
terms of economic value, contributions 
to academia, and education. With this 
in mind, given the context and com-
plexity of a university and its core busi-
ness, it perhaps doesn’t make sense to 
create policies that assume we can 
simply limit the energy consumption 
of existing equipment, technologies, 
or buildings. Rather, from an energy 
viewpoint, smarter cities and campuses 
should be looking more toward curtail-
ing redundant activities, continually 
updating zero-carbon and renewable 
energy solutions, and reshaping the 
core activities and infrastructures.7 In 
this way, the living laboratory has a key 
role to play.

A fundamental question for 
smart cities is to what ex-
tent they can challenge the 
norms and routines for 

those living and working in them to 
promote sustainability. For example, 
changing the temperature maintained 
in buildings and revising heating sched-
ules might be interpreted as withhold-
ing heat from employees or as a loss of 
benefit. It might even bring complaints 
or result in fears about compliance with 

health and safety expectations or with 
organizational norms and policies. But 
if we’re constrained to anything that is 
possible “as long as it goes unnoticed or 
doesn’t change existing practice,” then 
we’ll never create a truly sustainable 
smart city. 
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