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World Population Billions

Exponential Growth — the marker of instability: Population
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Exponential Growth — the marker of instability
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World population growth, 1750-2100

Annual growth rate of the world population
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Bevolkerungsentwickung weltweit

HAW HAMBURG

10000 o= -
_____-_—-*'5:__;{—'
—
5000 -
World ——
/
2000
1000
Europe //
500 —_——__.—_—_———_f / L —]
Africa /’//atin AmerLF < _———
—-____.—-—"'
/?ﬁ———-—""f Northern America
100
> /_,.—,-L——'“"*:;;
/—'—‘—
Oceania | _—
20 —_—
/
10
1950 1960 1970 1980 1990 2000 2010 2020 2030 2040 2050

Prof. Dr.-Ing.Rainer Schoenen
Fakultat Technik und Informatik
Informations- und Elektrotechnik

5


https://en.wikipedia.org/wiki/World_population
http://www.worldometers.info/world-population/

Exponential Growth — the marker of instability: Energy
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Global Per Capita Energy Consumption {in Gigajoules)

Exponential Growth — the marker of instability
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CO, (ppm), N,O (ppb)

Exponential Growth — the marker of instability

HAW HAMBURG

Concentration of Greenhouse Gases from 0 to 2005
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Temperature Anomaly (C)

Monthly Global Average Temperature in March
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Klimamodelle / Okologie
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Mean Global Carbon Dioxide Concentration: Ver T D
1959 0.96 0.31
1960 0.71 0.27
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surface sites. The Global Monitoring Division of NOAA/Earth System Research Laboratory 1983 184 0.09 2011 1.69 009
has measured carbon dioxide and other greenhouse gases for several decades at a globally | 1984 1.23 0.11 2012 2.40 0.09
distributed network of air sampling sites [Conway, 1994]. A global average is constructed by | 1985 1.63 0.08 2013 2.51 0.09
first fitting a smoothed curve as a function of time to each site, and then the smoothed value | 1986 1.04 0.14 2014 1.90 0.09
for each site is plotted as a function of latitude for 48 equal time steps per year. A global 1987 2.70 0.09 2015 2.73 0.09
average is calculated from the latitude plot at each time step [Masarie, 1995]. 1988 2.23 0.09
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Exponential Growth — the marker of instability: Economy
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Average world GDP per capita 1 million BCE until now (in 1990 International
Dollars) — Bradford DeLong'
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Exponential Growth — the marker of instability: Electronics

Moore’s Law — The number of transistors on integrated circuit chips (1971-2016)
Moaore's law describes the empirical regularity that the number of transistors on integrated circnits doubles approximately every two years.
This advancement is important as other aspects of technological progress

strongly linked to Moore's law.
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Computations per second per computer
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Carleton wireless traffic demand versus capacity
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Cisco Global Mobile Broadband Data Projection
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Carleton wireless traffic demand versus capacity
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Solutions? Really only Exponential Growth of Supply? =
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Sustainability won't be achieved by technological progress [MIT study]
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ABSTRACT

The demand for wireless access data rates is
growing exponentially at a pace where supply
cannot keep up with. Wireless resources (spec-
trum, time, space) are limited and shared, and
transmission rates cannot be improved anymore
solely with physical layer innovations. On the
consumer side, flat rate type tariffs have estab-
lished unnecessarily high expectations and often
wasteful consumption. Dealing with congestion
is unavoidable as a consequence of operating in
a regime where demand is close to, equal to, or
exceeding the supply. We can no longer assume
that the current over-provisioning approach con-
tinues to be feasible.

Complementary to the engineering for the
growth of the supply side, this article focuses on
the engineering for the control of the demand
side. An approach referred to as the “user-in-
the-loop” (UIL) is therefore motivated here.

This article proposes spatial control, in which
the user is encouraged to move to a less congest-
ed location, and temporal control, in which incen-
tives (e.g., dynamic pricing) ensure that the user
reduces (or postpones) his current data demand
in case the network is congested. Results from a
survey, which measures how willing a vser is to
respond to such control, are also presented.

As users are modeled by a system-theoretic
box in a closed-loop (control) system, they fea-
ture an input handle for incentives and an out-
put handle for the reaction.

Incentives can be progressive tariffs, reward
programs, higher access rates, of even environ-
mental (green) indicators. Incentives are tailored
to the major Quality-of-Service (QoS) classes
and help to shape the demand at the application
layet-7 as well as at the uset (“layer-8”). UIL
can safely be applied in addition to other tech-
nologies, which are mainly for increasing the
supplied capacity.

INTRODUCTION AND MOTIVATION

Exponential growth is observed in many indicators
of human, social and economic sciences [1]. Simi-
larly, there is an enormous growth rate of telecom-
munications data rates. The number of smart
phones is increasing very fast and laptop comput-

ers come with cellular interfaces built in. In addi-
tion, user behavior is changing towards using more
features and apps on their user terminal (UT).
Many of them are not necessary or urgent at the
moment, but users have built up habits and expec-
tations that they must work evetrywhere with the
same quality. Commercial stakeholders want users
to consume more as long as the market is young
and dynamic. As an inevitable consequence, this
wireless traffic demand is growing faster than the
supply side. Current analyses estimate that the
almost 100 percent per year growth rate will con-
tinue for the next decade [2-3].

On the other side, scientists and engineers
are working hard to push technology to the limit.
Due to limitations by physics (like the Shannon
‘bound, pathloss, number of antennas), computa-
tion (processing powet), energy (electrical power
for transmitters and computational hardware),
and economics (financial limits for the capital
expenditures to deploy more macro-, micto-, ot
pico-basestations), there is no simple and eco-
nomic way of providing the same rate increase
on the supply side.

In the worst case, technical solutions which
aim to increase the wireless network capacity are
doomed to fail, because any capacity gained by
more efficiency will be used up soon by even
more UT initiated traffic. We can learn from
experiences also made in the computer/proces-
S0t sectot, where the blessings of Moore’s law
are eaten up by more and more hungry operat-
ing systems and applications. In wireless net-
works, the situation is exacerbated by the
inappropriate tariff systems in the market which
promotes the flat-rate abuser [6] and leaves
many users frustrated due to various concealedly
blocked/choked services by operators. Recent
tepotts cleatly state this dilemma of demand
approaching and exceeding capacity in the near
future [4, 5]. It is worth investigating solutions to
improve the capacity by more spectral efficiency,
such as relay nodes, femtocells, short-range com-
munications, and multiuser access through multi-
ple-input-multiple-output (MIMO) antennas on
orthogonal-frequency-division-multiple-access
(OFDMA). The better vse and acquisition of
new spectrum, e.g., with cognitive radio tech-
nologies, may also buy some time. However, all
these new technologies will only postpone the
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UIL dynamic tariff interface and download manager

By temporal control, the aim is to motivate users to postpone their non-urgent traffic (updates, streaming
videos) out of the busy hours. When user intends to download or open a web page, song, video, or app, a
popup may appear telling the price of the transaction. If user agrees with the price then it continues the

process, otherwise it may cancel the job or it may ask the d

load in which f: ble circum-

stances to operate. A download manager in the UT can be designed in a sophisticated manner so that it
knows the user’s preferences, such that it can start to download automatically as soon as the current price
drops below the stated threshold price, and that it knows the maximum acceptable limit by the user. Such
a system needs a maximum price guarantee for the full duration of the operation. Therefore the instanta-
neous dynamic price is assumed constant for a flow, as soon as it is started, and up to a certain time T, (we
call it the price coherence time). Flows exceeding T in duration must be re-negotiated, otherwise it can be
misused either by the user (extending into the busy hour) or the operator (increasing the price without
telling the user). Note that “bill shock management” is not required when prices are transparent, known in
advance, and the accumulated costs can always be checked online by the customer. The customer must as
well be able to control financial limits per transaction and total per month. This is in accordance with
parental control issues by having the parents set up the limits.

The number of popups must be minimal in order to keep the GUI use convenient and not annoying. There-
fore a transaction would simply go through without questioning, if the tariff or transaction price is below

the limits set by the customer.

Box 1.

time at which demand exceeds supply. By having
more heterogeneity in the future deployments,
the gap between hotspots and rural provisioning
(spatial), and between busy hours and off-peak
times (temporal), will only drift further apart.

This article describes the new user-in-the-
loop (UIL) approach as one orthogonal solution
to handle this dilemma of increasing demand
without increasing revenue. Questioning the
users’ demand and traffic ingress is not necessar-
ily a taboo. Often the appetite, e.g., for watching
a video, is only triggered by minot factors like an
instantaneous thought, or being bored, and
allowed by the care-free promise of all-you-can-
use flat-rates. On the other hand, there are
important applications, such as making phone
calls and writing text messages, which became
part of our daily life and must be ubiquitously
supported. At the same time this heterogeneous
demand in time and space causes unpredictable
congestion as well as imbalance problems
between cell-center and cell-edge performance.

This article further defines the model for
UIL, which is system-theoretic, with mixed tech-
nical, human, and economic blocks. The user is
controlling a subset of the technical system, ie.,
his demand, by starting and stopping the appli-
cation sessions. The user activity is itself con-
trolled by suggestions and incentives calculated
by a controller block based on the current loca-
tion, signal-to-interference-plus-noise ratio
(SINR) and traffic situation.

‘We introduce the UIL system model, its spa-
tial and temporal control domain, and define the
control system model. We comment on initial
results of two surveys demonstrating the uset
acceptance of this novel idea. The economic
aspects are discussed, and some ecological
aspects are addressed.

THE SYSTEM MODEL FOR
USER-IN-THE-LOOP

The UIL concept aims at controlling the user
(“layer-8"") behavior in a wireless network in
ordet to obtain a better spectral efficiency by

Target C U Behavio S
HElE Controller| <! P
P prepares / P User / P System
display
m m

QOutcome

1

Round trip delay:

Figure 1. The UIL system theoretic model is a closed loop with the user as the
system to control. The user’s output is a probability of conforming to the sug-
gestions, which is called ps in the spatial and Pt in the temporal domain. In @
real cell we have multiple users, so the arcs between controller, user, and sys-

tem are vectorized for m users.

convincing the usets to move from one location
to a bettet one or to avoid traffic congestion by
postponing session traffic out of the busy hours.
Depending on this impact dimension, the
approach is called spatial or temporal UIL con-
trol. In both cases the user is within, and part of,
a closed-loop control system.

UIL extends the past assumption of the user
being a traffic generating and consuming black
box only, in nature similar to the noise input
into a system. Instead, the system-theoretic
framework allows a control input into the user
block, on which the user receives suggestions
and incentives (and eventually penalties) in
order to convince him to diverge from the
default behavior (which is uncontrolled, i.e.,
open loop), so that the traffic can be shaped. A
user within a closed control loop receives this
control information (CI) in form of suggestions
on the graphical user interface, e.g., a map and
directions towards a better location, a better
time to start his session {(out of the busy hour),
or a color indicator (e.g., green, yellow, red).
Once the difference between the target value
(vector of goals) and the system state (global
and uses-specific) is computed, the controller
translates this difference into user-perceivable
CI and expects that user and wireless system
block react according to the control, so that the
system output (performance) becomes as expect-
ed and determined, which in tun gives a low dif-
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Wikipedia: User in the loop
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User-in-the-loop
From Wikipedia, the free encyclopedia
User-in-the-Loop (UIL) refers to the notion that a technology (e.g., network) can
wikmnaery  LOOK Up User-in-the-Loop in

improve a performance objective by engaging its human users. The idea can be applied Pahfanis 1
in various technological fields. UIL assumes that human users of a network are among the |~
smartest but also most unpredictable units of that network.
Furthermore, human users often have a certain set of

Wiktionary, the free dictionary.

[ Fyaben oLt

dirs pil vy -
(input) values that they sense (more or less observe, but ::Ir:umum '? Uaer 4 R >
also acoustic or haptic feedback is imaginable: imagine a -

gas pedal in a car giving some resistance, like for a T edsLrement Sensing |

speedomat). Both elements of smart decision-making and and delay

observed values can help towards improving the bigger
objective. The input values are meant to
encourage/discourage human users to behave in certain
ways that improve the overall performance of the system.
One example of a historic implementation related to UIL has appeared in electric power networks where a price chart is introduced to
users of electrical power. This price chart differentiates the values of electricity based on off-peak, mid-peak and on-peak periods, for
instance. But this is an open-loop control. UIL actually allows closed loop control, ie. having the user IN the loop. Faced with a
non-homogenous pattern of pricing. human users respond by changing their power consumption accordingly that eventually leads to
the overall improvement of access to electrical power (reduce peak hour consumption). Recently, UIL has been also introduced for
wireless telecommunications (cellular networks)! % Wireless resources including the bandwidth (frequency) are an increasingly
scarce resource and the while current demand on wireless network is below the supply in most of the times (potentials capacity of the
wireless links based on technology limitations), the rapid and exponential increase in demand will render wireless access an
increasingly expensive resource in a matter of few years. While usual technological responses to this perspective such as innovative
new generations of cellular systems, more efficient resource allocations, cognitive radio and machine learming are certainly

The concept of the user in the loop to improve the performance of the
systemn by occasionally giving instructions to the user.

Page 20
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Carleton  \What is congestion?

- traffic overload

- short term

- long term
- failed or no CAC
- queue overflow
- lost packets
- over-delayed packets
- TCP hiccups
- application failures
- user dissatisfaction
- revenue reduction

- congestion
- in time
- In space
- 4-dimensional modeling

Solutions: Over-provisioning, CAC, Demand Control, flow Control
Rainer Schoenen Page 21/16
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What can we do?

HAW HAMBURG

The currently existing ideas are:

MORE POWER
LESS GREEN
MORE CAPEX

MORE OPEX

- Sideload content (transfer huge data using cable or WiFi)
- Introduce traffic shaping (QoS specific prioritization)

- Expand range of data tariffs (caps on flat data plans, block video at busy hour)
- Compress data content

- Improve application design (network traffic aware)

- Improve operating system design (program updates done on cable only)
[Source: 10 ways to deal with mobile data capacity crunch — www.amdocs.com]

New impulses:

- Where is the user in this picture?

- Why do we spend so much effort and money on the supply side (4G,5G)
if the average user is not willing to pay more per month?

Prof. Dr.-Ing.Rainer Schoenen
Fakultat Technik und Informatik
Informations- und Elektrotechnik
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target value

Closed Loop Control

HAW HAMBURG

7 disturbancies

Controlled value

delta
Q—> controller > system
measurement
measured value

Prof. Dr.-Ing.Rainer Schoenen
Fakultat Technik und Informatik
Informations- und Elektrotechnik
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target value
»(+

Y

User in the loop for
spatial control

7 disturbancies

delta

controller > system

Controlled value

measured value

system

controller

measurement

Higher performance guide

Mobility or
tariff control

and gain

user-friendly
display of
suggestion

Move towards best positio
to save money on calls

N best_position
+] -ge-:(\.ﬂﬁvﬂw i& usEUm

better here@
"

your posiﬁon%

>
@

performance

L

Lt

—p

user

wireless

equipment

wireless
channel

TABLE TV

GROSS SPECTRAL EFFICIENCY RESULTS FOR THE IMT SCENARIO

EVALUATION |[BIT/S/HZ/SECTOR]| WITH ppns — % AND
MIithresth, = 2.5bit /s /H =
Scenario UM UMa SMa RMa
3S5.0RN.HUD 1.567 1.254 1.234 1.974
3S.ORN.UIL 2.170 1.995 2.836 2.509
d — 4.4 m 4.7 m 7.8 m 30.7 m
3S.3RN.HUD 1.945 1.804 1.825 2.310
3S3RN.UIL 2.333 2.239 2.858 2.654
ad — 1.9 m 1.7 m 5.0 m 12.0 m
TABLE WV

GROSS SPECTRAL EFFICIENCY RESULTS FOR THE JERSEY SCENARIO
EVALUATION [bit/s/H =/ Sector] AND AVERAGE MOBILITY d/[7rr2]

Scenario SpecEIfl coverage fes
Jersey ORN.HUD 1.516 GO.99% Om
Jersey. ORN_UIL 2.350 (1002%) 11.9m
Jersey. I 3 RN.HUD 2.358 99, 19% Om
Jersey, 1 3SRIN. UIL 2771 (1002%) 11.9m
Page 25/16

[ IEEE Communications Letters 2011 May issue; APCC'2010 by R.Schoenen |
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A = 4.439 km? 100 200

Schoenen, Yanikomeroglu [ APCC'2011 paper ] Page 26



Carleton Jersey Scenario Results
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Spectral Efficiency Results

HAW HAMBURG

SPECTRAL EFFICIENCY REsSULTs [Brr/s/Hz/SeEcTOR] wiTHOUT AND wiTH UTl

(ye = 2.5 Br1/s/Hz), FOR TRAFFIC DATA, VIDEO, VOICE (FROM TOP TO BOTTO?M
Scenario UMIi UMa SMa RMa
Without UIL [10]: ¥ = 1.567 1.254 1.234 1.974
UIL proposals 80% 96% 945 62%
UIL dirr. = 8.8 m 9.4 m 15.6m 61.41
UIL with constant [1] 2.170 1.995 2.836 2.509
pra =05 —> d= 4.4 m 4.7 m 7.8 m 30.7 v
Data wraffic:
UIL (Q2) data ¥ = 2.507 2.467 3.682 2.311
6= —20% — d = 6.0m 5.9m 10.2m 8.8 m
participation pgryp = 82% 85% T5% 36%
UIL (Q2) data ¥ = 2.590 2.543 3.899 2.363
6= —40% — d = 6.9 m 6.8 m 11.5m 10.0n
participation pgr = 88% 89% 82% 41 %
UIL (Q2) data ¥ = 2.623 2.581 3.969 2.424
o= —60% — d= 7.3 m 7.4 m 12.1m 13.0mr
participation pgr. = 90% 91% 85% 469
UIL (Q2) data ¥y = 2.676 2.629 4.147 2.507
6= —80% — d = 7.9m 7.1m I13.1m 17.7 v
participation pgp = 949 9496 20% 549
UIL (Q3) data ¥y = 2.573 2.537 3.849 2.467
= +100% — d = 6.8m 6.9m 11.7m 17.2m
participation pgryp = 80% 96% 94% 62%
UIL (Q4) data ¥ = 2.976 3.024 3.602 2.328
I = speedup — d = 9.1m 10.2m 11.9m I5.1
participation pgrrr = S54% 449 25% 439
Q2: max gain for data ¥ +71% +110% +236% +27%

Prof. Dr. R. Schoenen

Vidgo tratfic:

UIL (Q2) video ¥ = 2.456 2.422 3.523 2.293
6= —20% — d = 5.5m 5.5m 9.5m 8.7m
participation pgp = 79 82% 70% 34%
UIL (Q2) video ¥ = 2.590 2.540 3.917 2.353
o= —40% — d = 6.9 m 6.6 m 11.4m 9.8m
participation pgir = 88% 899 82% 40%
UIL (Q2) video ¥ = 2.648 2.602 4.072 2.448
5= —60% — d= 7.5m 7.5m 12.5m 14.6 m
participation pgyp = 929 92% B88% A8%
UIL (Q2) video ¥ = 2.680 2.635 4.174 2.511
5= —80% — d = 7.8m 7.9m 13.2m 17.7 m
participation prr = 949 9049 91% 549
UIL (Q3) video ¥ = 2.636 2.591 4.027 2.405
= +100% — d = 7.4 m 7.4 m 12.3m 10.7 m
participation pgrr = 91% 92% 86% 45%
UIL (Q4) video ¥y = 2.962 2.997 3.569 2.286
I = speedup — d = 9.0m 9.8 m 11.3m 14.6m
Q2: max gain for video ¥ +71% +110% +238% +27 %
Voice trafhic:
UIL (Q2) voice y = 2.539 2.499 3.778 2.338
5= —20% — d = 6.4 m 6.3 m 10.8 m 9.0m
participation pgy = 849 86% T8% 38%
UIL (Q2) voice ¥ = 2.63 2.587 4.061 2.406
o= —40% — d = 7.3 m 7.2m 12.3m 11.5m
participation prr = 919 02% 87 % 45%
UIL (Q2) voice ¥ = 2.666 2.624 4.122 2.474
6= —60% — d= 7.7 m 7.9m 13.0m 14.7 m
participation pgyp = Q3% Q4% 8O%% 51%
UIL (Q2) voice ¥ = 2.695 2.654 4.213 2.584
&= —80% — d = 8.0m 8.3m 13.7m 22.5m
participation pgir = 959 95% 92% 61%
UIL (Q3) voice ¥y = 2.649 2.607 4.079 2.505
= +100% — d = 7.5m 7.7m 12.9m 17.2m
participation puir = 929 93% 88% 549
Q2: max gain for voice ¥ +69% +108% +241% +31%
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e Carleton
UNIVERSITY demand shaping (temporal UIL)

User in the loop for

HAW HAMBURG

controller

usage based
price
calculation

user-friendly
display of
costs to come

data rate

7 disturbancies

A\ 4

target value delta Controlled value
sustainable controller system <

x

filtering

measured value

control of wireless
system — user application resource
traffic usage

Of course this is:
- optional (acceptance thresholds can be set in options)
This transaction - free choice (user can still choose $$$ flat rate)

will cost you - no bill shock proof (monthly limits, parental control)
0.50 $/minute or - fair (because it feeds back to the very cause)
2.50 $ in total. - transparent (all expenses known in advance)

Compared to all conventional approaches
this is extremely fast and thus allows

Prof. Dr. R. Schoenen

training the user by immediate feedback
[ GreenCom 2011 paper by R.Schoenen ] PaggeSfy/ 16
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Demand Response

Elasticity (by survey)

HAW HAMBURG

survey2*Q3: use of service despite penalty at current location

survey2Q1: use of service with price increase
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Carleton Transient Congestion over 7 days
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[ PIMRC'2012 paper by R.Schoenen | Page 33/19



UIL Demand Control requires Smart Data Pricing =

1. Metered

Before broadband:
old days of metered
Internet dial-up

« Covercosts

+ Separate pricing for
connectivity and ISP
Senvices

+ Enable competitive
differentiation based on
pricing and availability
of dial-up POPs

Pricing Characteristics

_________________________

.........................

23a. Flat Rate All-
You-Can-Eat

Broadband arrives:
pricing designed
for maximum
service usage

» Drive service adoption

» Develop integrated
pricing for Internet
connectivity

» Enable competitive

differentiation based on

price and speed

2b. Usage-Based

Broadband
mainstream:
pricing designed to
differentiate users

» Discourage usage
for "bandwidth hogs”

+ Differentiate type of
customer by consumption

+ Develop integrated pricing
for Internet connectivity

« Enable competitive
differentiaion based on
price and speed

2000s—early2010s

Source: Ci306 Report 2012 [9]

HAW HAMBURG

3. Value-Based

Post broadband:
pricing designed
to capture value

of services enabled
by broadband

« Built upon usage-based
pricing structure

* Provide enhanced value to
specific customer needs

« Develop integrated pricing
for both Internet connectivity
and over-the-top services

« Enable competitive
differentiation based
onvalue

_________________________

Prof. Dr.-Ing.Rainer Schoenen
Fakultat Technik und Informatik
Informations- und Elektrotechnik
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Smart Data Pricing requires MONOTONIC billing .. ..
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Mobile Data Usage CCDF [Cisco report forecast 2014-2019]
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. log-CCOF - Using Fig. 27 in Cisco Yisual Metworking Index 2014-2019
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For the following analysis we assume that the proportion\\ 1
10*L of video, data, and voice traffic is 53%, 45%, and 2%, -

F respectively for 2014 [6]. Random numbers for each class are 1"\ ]
[ generated independently, see Fig. 5. Video and data volumes A}
10" | per month are each Generalized Pareto-distributed with shape -
: parameter (.4383, scale parameter 1.0175 GB/month, and N
| threshold parameter -0.0164 GB/month and in total described N
107 £ by Iig. 4(a), whereas we model voice volume per month by a 2
F normal distribution, with a mean value of 36 MB/month and ]
| variance 36 MB/month. Source: [6]+Matlab.

10° 10 107 10" 10 10° 10°

log(x) [GBE/month)]

lag(1-Fix))

Prof. Dr.-Ing.Rainer Schoenen
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Fairness of the Unit Price (S/bit, S/eBit)

Fairness is measured using

Jains fairness index;

1

F, = (2 p,2 /(N ‘ Epuz) 0.9

Jain Fairmness Indey

0.o

0.7 A

0B

0.5

0.4

0.3

0.2

0.1

Unit Price Fairhess

HAW HAMBURG

B - iat, (70 $irnonth, 20 $/GE)
I -1t (50 $irnonth, 20 $/GE)
I Flat, (30 $/month, 20 $/GE)

[ IFlat, (105 $/month, 20 $/GE)

[ ITiered

[ leBit

[ log10(eBit)
I | 10(eBit/10%
I (- 10=Eit10%

4

5
Pricing Schemes

B
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g?ﬂggﬂg Applications of UIL in the Smart Grid

==

Temp warning:
25°C = $10/day

#®*  Tariff warning:
current use = $1/h

#Recharging at night



User-In-The-Loop Demand Control Implementation for Controlling Consumption
of Scarce Resources like Water and Energy [BSc Cristian Zara 2016] S

Immediate UIL feedback prototypes: Energy device

Water flow sensor device

Prof. Dr.-Ing.Rainer Schoenen
Fakultat Technik und Informatik
Informations- und Elektrotechnik
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CNTVERSITY Climate System Theory

The Bretherton Diagram Simplified

Physical Climate System

1

SR Energy/Moisture

R K2 |

Terrestrial

Stratospheric
Chemistry/Dynamics

Biogeochemical Cycles Pollutants

(from Earth System Science: An Overview, NASA, 1988) 40



s Carleton 1 for controlling user impact

The Bretherton Diagram Simplified
Physical Climate System O

I—)» Atmospheric Physics/Dynamics
brd . O e By T Terr;o:tri:i

_E'E Energy/Moisture
L— i RZ N R

E-% LJ(GIobaI Moisture Soil coz
et | \

= Marine

E o Biogeochemistry

Biogeochemical Cycles Pollutants

41

(from Earth System Science: An Overview, NASA, 1988)



Summary and Conclusion

HAW HAMBURG

Exponential growth of supply comes with similar growth of power consumption
Each increase of supply is and will be used up by demand soon

Flat rate tariff concepts fuel exponential increase of demand

Smart Data Pricing (SDP) enables a responsible consumption economy
Effective Quantum (eBit) pricing is an enabler for Smart Data Pricing (SDP)
User-in-the-loop demand control can regulate demand and thus ultimately
reduce energy consumption and make this world more sustainable

Rather than voluntary action,

environmental laws may recommend implementation

Prof. Dr.-Ing.Rainer Schoenen
Fakultat Technik und Informatik
Informations- und Elektrotechnik
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Thank you for your attention !

Dr.-Ing. Rainer Schoenen

rainer.schoenen@haw-hamburg.de

http://userintheloop.org

Prof. Dr.-Ing.Rainer Schoenen
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