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� Energy

� Production, distribution, consumption, failure 
recovery, …- major problems of the society
� Optimization of the above processes – main area- for huge 

effort - both in research and real life deployments

� Communication technologies and systems
� Energy awareness in comm. systems� energy 

saving/consumption optimization  � “Green” systems - Internet, 
Data centres, WANs, …

� Intelligent/adaptive Management and Control support for 
electric power systems (smart grids)
• Similarity to communication networking:

Data Plane – Power distribution system
M&C Plane – Communication network supporting the first
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� Possible question for this panel:

� What are the most important and still open 
areas of research in the domains
� Energy systems + 
� ICT and Networking systems  

� in the perspective of Horizon 2020 ?

� Thanks !

� Floor for the speakers…..



AEC - Energy Awareness 
The Wireless Perspective

J-Ch. Grégoire"
INRS-EMT
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The User
User conundrum"

The need/desire/want of increasingly better and pervasive connectivity 
(human dimension)"

Vs. the increasing energy costs of the « loose connection » model"

permanent polling"

for networks, for carrier, for services, for data"

How many (simultaneous) connections do we need?"

How bored do we get? Are we reaching demand saturation?                                                                                                                                                                                        
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The Operators
Operator conundrum"

Multiple operators in competition (really?), wasted (radio) resources"

Infrastructures: How many « ships in the night » (independent 
operators) do we need?"

How do we keep the market open while being efficient? Does cooperation 
mean collusion?"

Is flat rate/volume ceilings counter productive?"

Are we reaching technology peak?"

How much of the energy consumption is communications-dependent?
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Synthesis
User choices? How do we encourage « wise » choices?"

Who gives guidance? Who unifies the trends?"

Unmanaged vs. Managed infrastructure"

Strong connectivity vs. loose connectivity"

Unreliable vs. Reliable infrastructure"

Distributed vs. Centralized tension"

Competitive vs. Cooperative tension
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IT4SE 
www.it4se.net 

Thomas Rist 
Faculty of Computer Science 

University of Applied Sciences Augsburg  

Augsburg 

Energy + ICT  <  Energy 



IT4SE 
www.it4se.net 

Working Area:  

Tools to facilitate grid planning 

Motivation 

 Feed-in of solar generated power 

requires investments into the power 

grid infrastructure 

 

 But:  decision on additional 

installations lies in the hand of 

prvate home and land owners 

 => un-coordinated PV installations  

  where?   when?  

 =>  sustainable planning is hard  
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Working Area:  

Tools to facilitate grid planning 

ICT contribution: 

 Development of interactive planning support tools 

 - Grid analysis – capacity, stability (e.g. PowerFactory)  

 - Estimation of future solar power feed-in (e.g. IPDS) 
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 Micro-Grid   simulator      

 - interactive tool for playing what-if scenarios with 

 renewable sources and micro grids (PV, wind, biogas). 

Working Area:  

Simulation of renewable energy generation 
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demand 

vs.  

generation 

GUI 

PV 

installations 
www.energymap.info 

Weather -

data 
www.helmholtz.de 

Standard-

load profiles 

 Virtual power plant  

 -  interactive tool for playing what-if scenarios with  differnt mixes  for  

 small communities 

Working Area:  

Energy Mix Simulation generation 
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Working Area:  

Energy feed-back systems      

Goal 

 „the energy aware and energy-efficient user“  

 =>  energy conservation (studies suggest 2-15% is possible) 

ICT contributions 

 Eco-Feedback and Eco-Visualization 

increase awareness on consumption habits 

and consequences for environment and 

society 

  

 Energy advice, motivation                           

for behaviour changes  

 =>  persuasive computing 
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       Quelle: 

CinéConsulte  

Smart monitoring of 

- - light 

- - clima     =>  more comfort & coziness but less  

-     security    energy consumption  

-   
 

- E.g.. EQ Homeatic,  

- Loxone, u.a. 

 

Working Area:  

Energy Efficient Building Automation 



IT4SE 
www.it4se.net 

 

Energy efficient computing (Green IT) 

Problem 

 power consumption of computers and IT infrastrucute 
 

 -  Server farms, data centers, cloud clusters, …      

 (e.g. Google 2,26 TWh in 2010) 
 

 - Super computer  

  (e.g. SuperMUC 3.5 MWh in 2012) 
 

 - Workstations (2014 ca. 31.000.000 units in DE) 
 

 -  private sector: 1 user many computers

 (PC/Laptop/Smartphone/games consoles / tv / …) 
 

 -  network usage / data transfer 

cf. German Green-IT-Initiative,  www.bmub.bund.de 
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ICT contributions 
 

 energy efficient hardware  

 - avoid need for power-intensive cooling 
 

 optimized workflows and more efficient algorithms   

 -   faster algorithms  => less CPU usage => less energy  

 -   dynamic load management => more efficient use of hardware 
 

 more efficient networks 

 - e.g., shorter routing paths => less nodes => less energy use 
 

 new compute-services, e.g., 

 -   virtual machines vs. hardware 

 - cloud services => better exploitation of big data centers 

 

Energy efficient computing (Green IT) 
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www.it4se.net 

contact &  

further information 

 Prof. Dr. Thomas Rist 

 Thomas.Rist@hochschule-augsburg.de  

 University of Applied Sciences Augsburg 
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www.it4se.net 

AVI 2014 workshop 

Workshop on Fostering Smart Energy 

Applications through Advanced Visual 

Interfaces 

 

Como Italy,   

May 20. 2014 

 



Evolving 
Communications

Energy Awareness

mano@cs.auckland.ac.nz

mailto:mano@cs.auckland.ac.nz


Energy-Saving Devices



Power

A. Carroll & G. Heiser, “An Analysis of power 
consumption in a smartphone”. In Proceedings 

of the 2010 USENIX conference on USENIX 
annual technical conference (USENIXATC'10). 

USENIX association, Berkeley, CA, USA, 
21-21.
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Figure 2: Power breakdown in the suspended state. The
aggregate power consumed is 68.6 mW.

3 Results

3.1 Baseline cases

Prior to running any benchmarks, we established the
baseline power state of the device, when no applications
are running. There are two different cases to consider:
suspended and idle. For the idle case, there is also the
application-independent power consumption of the back-
light to consider.

3.1.1 Suspended device

A mobile phone will typically spend a large amount of
time in a state where it is not actively used. This means
that the application processor is idle, while the commu-
nications processor performs a low level of activity, as
it must remain connected to the network be able to re-
ceive calls, SMS messages, etc. As this state tends to
dominate the time during which the phone is switched
on, the power consumed in this state is critical to battery
lifetime.

The Android OS running on the application proces-
sor aggressively suspends to RAM during idle periods,
whereby all necessary state is written to RAM and the
devices are put into low-power sleep modes (where ap-
propriate). To quantify power use while suspended, we
forced the device into Android’s suspended state and
measured the power over a 120 second period. Figure 2
shows the results, averaged over 10 iterations. The av-
erage aggregate power is 68.6 mW, with a relative stan-
dard deviation (RSD) of 8.2 %. The large fluctuations
are largely due to the GSM (14.4 % RSD) and graphics
(13.0 %) subsystems.

The GSM subsystem power clearly dominates while
suspended, consuming approximately 45 % of the overall
power. Despite maintaining full state, RAM consumes
negligible power—less than 3 mW. Note that the GSM
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Figure 3: Average power consumption while in the idle
state with backlight off. Aggregate power is 268.8 mW.

subsystem in our device does not use system memory—it
has its own bank of RAM which we include in the GSM
power measurements.

3.1.2 Idle device

The device is in the idle state if it is fully awake (not sus-
pended) but no applications are active. This case consti-
tutes the static contribution to power of an active system.
We run this case with the backlight turned off, but the
rest of the display subsystem enabled.

Figure 3 shows the power consumed in the idle state.
As with the suspend benchmark, we ran 10 iterations,
each of 120 seconds in the idle state. Power consumed
in this state was very stable, with an RSD of 2.6 %, in-
fluenced largely by GSM, which varied with an RSD of
30 %. All other components showed an RSD below 1 %.

Figure 3 shows that the display-related subsystems
consume the largest proportion of power in the idle
state—approximately 50 % due to the graphics chip and
LCD alone, and up to 80 % with backlight at peak bright-
ness. GSM is also a large consumer, at 22 % of aggregate
power.

3.1.3 Display

Figure 4 shows the power consumed by the display
backlight over the range of available brightness levels.
That level is an integer value between 1 and 255, pro-
grammed into the power-management module, used to
control backlight current. Android’s brightness-control
user-interface provides linear control of this value be-
tween 30 and 255.

The minimum backlight power is approximately
7.8 mW, the maximum 414 mW, and a centred slider cor-
responds to a brightness level of 143, consuming 75 mW.
The backlight consumes negligible power when disabled
(as in the above idle benchmarks).
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Figure 4: Display backlight power for varying brightness
levels.

We also measured how the content displayed on the
LCD affected its power consumption: 33.1 mW for a
completely white screen, and 74.2 mW for a a black
screen. Display content can therefore affect overall
power consumption by up to 43 mW.

3.2 Micro-benchmarks

As mentioned in Section 2.4, we used micro-benchmarks
to determine the contribution to overall power from var-
ious system components. Specifically we used bench-
marks to exercise the application processor (CPU and
memory), the flash storage devices, and the network in-
terfaces.

3.2.1 CPU and RAM

To measure CPU and RAM power, we ran a subset of the
SPEC CPU2000 suite. There are several reasons for not
running all benchmarks of the suite. Firstly, we could
only use benchmarks which we could build and run on
the Android OS, which rules out those written in C++
or Fortran, due to Android’s lack of run-time support for
these languages. They also needed to fit into the phone’s
limited memory and their execution times needed to be
short enough to give reasonable turn-around. Finally,
we were only interested in establishing the power con-
sumption of CPU and memory, rather than making com-
parisons between different platforms’ algorithms, hence
completeness of the suite was not a relevant considera-
tion.

From the candidates remaining according to the above
criteria, we selected a set representing a good spectrum
of CPU and memory utilisation, from highly CPU-bound
to highly memory-bound. We determined memory-
boundedness by running the entire suite on a server
Linux system and comparing the slowdown due to fre-
quency scaling. Snowdon et al. [9] show that this slow-
down is primarily due to memory-boundedness. While
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Figure 5: CPU and RAM power when running SPEC
CPU2000 micro-benchmarks, sorted by CPU power.

we do not expect the benchmarks to behave similarly on
the different platforms, our aim is only to select bench-
marks with different characteristics.

The SPEC CPU2000 benchmarks ultimately selected
are equake, vpr, gzip, crafty and mcf.

For each of the benchmarks, we measured the aver-
age CPU and RAM power at fixed core frequencies of
100 MHz and 400 MHz. We also measured power for
the system in the idle state. Figure 5 shows these results,
averaged over 10 runs. The RSD is less than 3 % in all
cases.

For the idle, equake, vpr and gzip workloads,
CPU power dominates RAM power considerably at both
frequencies. However, crafty and mcf show that
RAM power can exceed CPU power, albeit by a small
margin.

Table 3 shows the effect of frequency scaling on the
performance, as well as combined CPU and RAM power
and energy of the benchmarks. The wide range of slow-
down factors across the different benchmarks validates
our selection of workloads as representing a range of
CPU/memory utilisations.

Benchmark Performance Power Energy
equake 26 % 36 % 135 %
vpr 31 % 40 % 125 %
gzip 38 % 43 % 112 %
crafty 63 % 62 % 100 %
mcf 74 % 69 % 93 %
idle - 71 % -

Table 3: SPEC CPU2000 performance, power and en-
ergy of 100 MHz relative to 400 MHz. Both CPU and
RAM power/energy are included.





Software Aspects

• Algorithmic efficiency 

• Data transfer efficiency 

!

• Custom applications to reduce waste (read ‘save 
energy’)
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� Topic: Wireless technologies – supporting 

Smart Grids
� Smart grid: intelligent power network characterized by 

its two-way flows of electricity and information

� Integrated communication infrastructure- essential 

subsystem for smart grids to manage the operation of 
all connected components aiming to  reliable and 

sustainable electricity supplies

� Several advanced wired/wireless communication 
technologies have been used or candidate to be 
used in different domains of smart grid networks.

PANEL ENERGY/ICNS
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� Example of a conceptual model for a M&C Plane of a Smart Grid

PANEL ENERGY/ICNS

Source: W.Meng et.al., Smart Grid Neighborhood Area Networks: A Survey, IEEE Networks, Jan 
2014

Smart Grid 

“M&C Plane”

NAN= 

Neighborhood 

Area Network

HAN= Home Area 

Network
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� Hybrid M&C Plane- Cooperation example : IEEE 802.16d + IEEE802.15g

PANEL ENERGY/ICNS

Mesh 

Network
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� Technologies for NAN

� IEEE 802.15.4g - standard making a PHY + MAC amendment and 
modifications to WPAN IEEE 802.15.4, aiming to 
� outdoor low data rate and wireless smart metering utility network 

(SUN) requirements.

� SUN was designed to operate in a 
� distributed mode 
� over shared network resources 
� to enable the monitoring and control of utility systems. 

� SUN devices operate in a very large scale and low-power 
wireless application environment 

PANEL ENERGY/ICNS
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� Technologies for NAN

� IEEE 802.11s-derived from IEEE 802.11 family

� Goals 

� to to extend IEEE 802.11 MAC protocol for Wireless Mesh Networks

� A significant feature : support frame delivery and route selection at MAC 

layer through radio-aware metrics.

� Topology of an IEEE 802.11s WMN 

� a central gateway is designated and deployed for data transmission to

� mesh stations. 

� Mesh APs

• offer the access I/Fs to the end users in either static or 

dynamic state, 

• transmit aggregated information to gateways via multi-hop 

paths.

PANEL ENERGY/ICNS
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� Technologies for WAN connectivity
� IEEE 802.16 (d) 

� can be used for WANs connectivity
� and relay signals from IEEE 802.15.4g back to utility backbone.

� Conclusions
� Wireless technologies can be successfully used for Smar Grid 

M&C Plane
� IEEE 802.16x

� IEEE 802.15.x

� IEEE 802.11x 

� Topologies: p-mp, mesh, hybrid, etc.

� However requirements need to to be fulfilled and adapted to 
Smart Grids needs: reliability, scalability, real-time acpabilities, 
throughput, security,  cost efficiency, ..

PANEL ENERGY/ICNS
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� Thank you !

PANEL ENERGY/ICNS



Energy Aware Networking
The Clean Slate Approach

Nirmala Shenoy
Director, Lab for Networking and Security,

Professor, College of Computing and Information Sciences
Rochester Institute of Technology

NY, USA



The Internet / Networks



Current Routing and Switching
• Routing in the Internet

– Routing tables in core router exceeded 500K
entries (RIB and FIB)

– Routing operations become complex

– Instability

• High performance multi rack computing
architectures

• Huawei's 400G Core Router
• 2 Tbits/slot, 6.4 Tbits/ chassis and 32 Tbits/system



Energy Impacts

• Power dissipation in routing equipment is
growing at twice the rate of improvements in
power consumption

• Carbon footprint

• Economic inefficiencies



Current Routing and Switching
Technologies

• Patch work

• Revolutionary?

• Evolutionary?

• Revolutionary – transition path!?

• Rethink our basic approaches

– Revolutionary HW and SW technologies



Routing in the Internet

• Do we need so many routing protocols?
– Inter-AS, intra-AS?

– Integration issues/inefficiencies

– Internet has a well-established business structure
• Tiers• Tiers

– How about leveraging this for routing?

– Addresses carry routing information?
Yoshihiro Nozaki, Parth Bakshi, Hasan Tuncer, Nirmala Shenoy, “Evaluation of
Tiered Routing Protocol in Floating Cloud Tiered Internet Architecture”, Special
Issue on Future Internet TestBed, Journal of Communication Networks, published

by Elsevier 2013.



Tiers in the Internet – Tiered Addresses

2274 8974

31 22

2232 14422

422 4583

1.1 1.2

2.1:1 2.1:2

3.1:1:1
3.1:1:1

2.2:1

Stub AS 4.1:1:1:1, 3.1:2:2

Stub AS
3.1:2:1

A

B

50123

221

1

1.1

2.1:1 2.1:2

3.1:1:1 3.1:1:2 3.1:2:1 3.1:2:1

A
C

D

Figure 6 Tiered Subnets Inside Tiered ASs



Current Routing and Switching
• Switching complexity

– Avoiding loops

– VLANs and complexity at layer 2

– VLAN hierarchies

• Customer, provider, backbone

– Shortest Path Bridging, TRILL on Rbridges

• IS-IS layer 3 routing at layer 2



Switching Technology

• Loop Avoidance
– issues

• Growing complexity in layer 2 –
– VLAN hierarchies– VLAN hierarchies

• Novel technologies

• IEEE 1910.1 Project
– Standard for Meshed Tree Bridging with Loop

Free Forwarding

– Link - https://mentor.ieee.org/1910/
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How to be Energy-Aware?


