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ü Understand the environmental benefits of energy 

management through connected household appliances 

(taking stand-by consumption into account too);

ü Quantify the reduction in CO2 emission enabled by a better 

energy consumption and load management (both DSM and 

DOS control actions).

ü Cost Benefit Analysis of an house energy management 

system
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Energy management analysis main goals
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Production Transport Distribution Supply

EM at appliances

Benefits at Electricity Value Chain

Electricity value chain

Reduction of CO 2

Added value for new buildings
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Energy management analysis work approach
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Global overview

Energy
management
actions inside
apartments 

To Improve the
environmental
global quality

To reduce the
environmental
CO2 emissions

Load shifting actions

Distributed on Site actions
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LOAD SHIFTING ACTIONS

To shift the instantsof

turning off/on of

household appliances

in sucha way to make

the apartmentelectrical

energy load profile as

flat aspossible.

To reduce

power peaksin

the apartment

load profile

diagram.
To reduce electrical

currentflowing in the

apartment wiring

branches

To reducethe power

losses caused by

Jouleeffects

CO2 emissions

reduction
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LOAD SHIFTING ACTIONS
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[A] Maximum priority

the appliance activation/deactivation is 

completely under user control.

No load action can be carried out by the 

apartment Energy Load Manager

[B] Medium priority

the appliance activation can be shifted 

within a maximum time delay by the 

apartment Energy Load Manager P
o
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r
Time

P
o

w
e

r

[C] Minimum priority

the appliance can be  shifted without 

any temporal constraints by the 

apartment Energy Load Manager

Max delay
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LOAD SHIFTING ACTIONS
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[A] Maximum priority

the appliance 

activation/deactivation is 

completely under user control.

No load action can be carried out by 

the apartment Energy Load 

Manager

[B] Medium priority

the appliance activation can 

be shifted within a maximum 

time delay by the apartment 

Energy Load Manager

[C] Minimum priority

the appliance can be  shifted 

without any temporal 

constraints by the apartment 

Energy Load Manager
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LOAD SHIFTING ACTIONS

Appliance  
Type 

Activation 
priority  

De-
activation 

priority  

Delay 
time  

Washing 
machine  

Con Boff 2/ƍ 

Dish washer  Con Boff 2/ƍ 

Dryer  Con Coff - 
El. Storage 
water heater  

Con Boff 2/ƍ 

Oven Bon Aoff 2/ƍ 

Hob Aon Aoff - 

Fridge/Freezer  Bon Aoff 2/ƍ 
Air 
conditioning  

Con Aoff 2/ƍ 

 

-
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Distributed on Site Actions

Local (inside apartments) generation of electrical/thermal

energy

Thermal energy from

Instantaneous Gas

Water Heaters,Electric

StorageWater Heaters,

heat pumps, solar

thermalpanelsetc

Electric and

thermal energy

through CHP

(Combined Heat

and Power) and

CHCP (Combined

Heat and Cool and

Power)systems.
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Electric energy from

PhotoVoltaics,

biomasses,micro-wind

turbines,ecc

BeyWatch European

Project
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To eliminate the consumption

of electricalenergyrelative to

the water heating inside

dishwashers and washing

machines

To heatthewaterneeded

by dishwashersand

washingmachinesinside

IGWHs (Instantaneous

GasWaterHeaters)

To reduce electrical

energy consumption

insideapartments

CO2 emissions

reduction

Distributed on Site Actions
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Energyspent in the washing machine (WM)

Electric power absorbed by the heating resistance (W): 1700 W

Duration of the heating period (s): 900 s (15 min)

Electric energy absorbed by the heating resistance (Wh): 425 Wh

Energy spent in the dishwasher (DW)

Electric power absorbed by the heating resistance (W): 1690 W

Duration of the heating period (s): 800 s (13 min 20 s)

Electric energy absorbed by the heating resistance (Wh): 376 Wh

Absorbed electric energy = energy needed for water heating

Distributed on Site Actions
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CO2 emissionsreduction,

due to the elimination of

electrical energy

consumption for the

water heating phase

Heating the water needed by dishwashers
and washing machines inside the IGWH

CO2 emissionsincrease,due

to the employment of IGWH

to heat water for

dishwashers and washing

machines

Distributed on Site Actions
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Four scenarios have been considered:

Å 0 = no DSM actions

Å 1 = DSM on/off actions

Å 2 = 1 + advanced actions

Å 3 = 2 + DoS actions

Advanced control actions 

consists in a slight 

modification of the load 

profile, obtained by shifting 

a portion of the load profile 

a bit forward.

Intelligent on/off control 

actions consist in delaying or 

anticipating appliance 

activation according to the 

instantaneous house power 

consumptions and the 

appliance on/off priority

14

Energy management work approach
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Scenario 3 includes two possibilities:

a) House having an ESWH (Electric Storage Water Heater)

Å Hot water is produced within DW and WM

b) House having an IGWH (Instantaneous Gas Water Heater)

Å Hot water for DW and WM is produced by IGWH

Notes:

Presence of ESWH and IGWH per each country has been considered.

For instance in Italy, 30% houses having ESWH and 70% having IGWH.

House b) has been considered for simulation of DoS actions 

15

Energy management work approach
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Grid 

Simulator

Results calculator

and 

simulation interface

House 

Simulator

Energy 

production

information

EM study

information
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Energy management study chart

http://en.wikipedia.org/wiki/Image:Iraq-oil-power.jpg
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House 

Simulator
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Energy management study chart
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Surface= 104m2

Wiring layout:

radial with a main feeder

starting from the homeôs

electricity meter and arriving

to the main switchboard.

From the switchboard, a series

of lines and sub-lines supply

the electrical loadsdefined.

Peopleliving :

A family made by 4 persons

(parents and two children).

Typical Apartment

The House Simulator

18
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Fourtypicaldayshavebeenconsidered:

ÅSummerworking day

ÅSummernot working day

ÅWinterworking day

ÅWinternotworking day

Eachtypicaldayhasadifferentpresenceof inhabitants.

19

Four typical days

The House Simulator
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Italy (examples)

Washing Machines: Families with 3 or more persons  Č 5,9 washes a 

week

Air conditioning: In hot season (from June to August) Č 7 days a week

Dishwasher: 6 times/week

Number of usesper day: How many times eachelectric load is

usedin theconsideredtypicalday.

Eachelectric load can be switchedon: one time in a day, more

thanonetime in aday, lessthanseventimesin aweek

20

Number of uses per day/week

The House Simulator
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Eachdayhasdifferentusage: lights in differenthours,WashingMachinesmore

in weekenddays,air conditioningin summerdaysonly, etc;

Theuseof eachelectricloaddependsonnotdeterministicfactorssuchas:

theinhabitantscustoms

thenumberof inhabitantsin thehouse

theinhabitantsstandardof living

theclimaticconditions

Only througha probabilisticapproachit is possibleto takeinto accountall the

above-mentionedfactors. In order to havethe most probableload profile of a

given typical housein agiventypical dayit hasbeennecessaryto executeabig

numberof simulations(theñgreatnumbersòlaw).

21

Usage pattern

The House Simulator
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Appliancepercentagepresenceper house: the percentageof the presence

of eachsingleappliancein theapartments. This parameterhasto beadded

sincenotall theapartmentscontainall thesameappliances.

This input parameter,hasbeenprovidedby CECED(EuropeanCommittee

of Manufacturersof DomesticEquipment)

Equipment of households

in % of households which own 

the appliance

UK France Italy Germany

Electric oven 52 % 53 % 68 % 92 %

Fridge-freezer 59 % 60 % 81 % 40 %

Dishwasher 24 % 46 % 33 % 61 %

Washing machine 94 % 95 % 97 % 96 %

Dryer 43 % 0 % 0 % 40%

Air conditioning 0 % Assumed = Italy 30 % 0%

22

Appliance percentage presence per house

The House Simulator
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Electric devices (brown goods) different from householdappliances(white

goods) are considered(examples: lighting, TV, HI-FI, etc) becauseelectrical

power lossesin the houseôswiring dependon the total squarevalue I2 of the

currentflowing in theapartmentôswiring.

Loadprofilesdependon:

Åthe working cycle (dishwasher,washing machine,induction hob, electric

oven,etc.)

Åclimatic parameterslike outdoorandindoortemperatureandsolarirradiation

(air-conditioningsystem,lighting, fridge-freezer)

Loadprofile: Instantaneouselectricactivepowerconsumptionof eachelectricload

duringaworking cycle. Collectionof profilesrelatedto differentmanufacturersand

differentcyclesareconsidered

23

Load Profile

The House Simulator
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Communication stand by consumption: 100 mW in Zig-Bee wireless interface 

and 500 mW in power line

1,33

0,62

0,38

1,73

2,95

0,78

2,61

0,00

0,50

1,00

1,50

2,00

2,50

3,00

P / Watt

Appliances stand-by consumption 

Washing 

Machine
Dryer Dish 

Washer
Oven Microwaves Hobs Air Cond.

24

Stand - by consumption

The House Simulator
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House Simulator: input and data output

House 

Simulator

5000 (at least)

SIMULATIONS

Different working cicles, 

starting time of the electric 

loads and electric loads 

switched on
Apartmentôs energy 

consumption per 

year

[kWh/year]

Apartmentôs Energy 

consumption per 

each typical day 

[kWh/day]

Distributed on 

side actions

DSM Actions 

ÅIntelligent on-off

ÅAdvanced control

FOR EACH TIPICAL DAY

summer working

summer not working 

winter working

winter non working

FOR EACH TIPICAL 

APARTMENT

Northern Europe (UK, 

Germany)

Southern Europe (Italy, 

France)

Number of uses per 

day

Load Profiles

Usage probability

Appliance 

percentage 

presence per house

Apartmentôs Energy 

Losses per each 

typical day [Wh/day]

Apartmentôs energy 

losses per year

[kWh/year]
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Grid 

Simulator

26
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Choice of MV and

LV system model

Evaluation of

Energy losses

Grid Simulator

Input and

parameters

Operational

constraints

Sizing of the system

Output data

Grid simulator approach 
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Modular approach

28
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Å MV andLV systemmodels

Å Operationalconstraints

Å Evaluationof yearlylosses

29
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Medium and low voltage system model

Å MV and LV systemmodels

ÅOnly main feeder model

ÅMain feeder and derivation model

ÅMain and combining feeders model

30
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Only main feeder (Medium and low voltage) models

Model AMV

AMTaAMTx

2
y

A
M

V

2x AMV

a
A

M
V

FeederTrafo  MV/LV

ABTaABTx

Model ALV

Feeder

a
A

L
V

2x
ALV

2
y

A
L
V
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Main feeder and derivation model

L
O

B
B

Td
B

T

LDBBTX

Model BLVModel BMV

2
yB

M
T

2xBMT

L
D

B
M

T

aB
M

T

Main feeder

derivation

Trafo MV/LV

dMT

aB
M

T
/2
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Main and combining feeders model 

Model CMV

34
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Operational constraints

Å Operationalconstraints

V Voltagedropfor CMV model

V Maximumcurrentfor cableandtransformersizingin CMV model

VVoltagedropfor BLV model

V Maximumcurrentfor cableandtransformersizingin BLV model

35
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Model to calculate the voltage drop for CMV model

22

1
sincos

1
2

CMV

CMV

CMVCMV

CMVrCMVCMVCMV
MV

CMVCMVCMVXCMV

CMV

a
y

grx
xr

U

agrx
U

CMVCMVCMVXCMV agrx 1 is theequivalentload,consideringa rectangulardistribution, in thehalf of thefeeder;

CMVr is theresistancein p.u. of theMV cable;

rCMVx is thereactancein p.u. of theMV cable;

CMVcos is theaveragepowerfactor;

MVU is theratedvoltagefor MV level;

CMVx is thehalf-dimensionof moduleonx-axis;

CMVa is thedistancebetweentwo feeders;

CMVy is thehalf-dimensionof moduleony-axis;
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Maximum current for cable and transformer 
sizing for CMV model

MV

CMVCMVCMVXCMV
XCMV

U

agrx
I

3

1

CMVCMVCMVXCMVXHVMV gryxS 14
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Model to calculate the v oltage drop for BLV model

DxBLVoxBLVxBLV UUU

oBLVBLVroBLVBLVoBLV
LV

oBLVoBLVXBLV

oxBLV Lxr
U

ntgL
U

3

2
sincos

2/
2

2

DBLVxBLVrDBLVBLVDBLV
LV

LVDBLVxXBLV

DxBLV Lxr
U

dL
U

2

1
sincos

2
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Maximum current for cable and transformer 
sizing in BLV model

LV

LVDxBLVXBLV
oXBLV

U

dL
I

3

LV

oBLVOBLVXBLV
DXBLV

U

ntgL
I

3

)/(2

oBLV

oBLVoBLVXBLVXMVLV
n

tgLnS 2

Rated current for main feeder

Rated current for derivation

Rated current for trafo
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Evaluation of yearly losses

ÅEvaluationof yearlylosses

ÅEvaluationof thelossesin CMV model

ÅEvaluationof thelossesin BLV model
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Evaluation of yearly losses in MV system

)()()( yearEyearEyearE NOCMVTRHVMVCMV

)(yearETRHVMV is the energy lost, in one year, in the HV/MV transformer

)(yearENOCMV
is the energy lost, in one year,  in the MV feeders
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Evaluation of yearly losses in LV system

)()()()( yearEyearEyearEyearE NDBLVNOBLVTRMVLVBLV

)(yearETRMVLV is the energy lost, in one year, in the MV/LV transformer

)(yearENOBLV is the energy lost, in one year,  in the LV feeders

)(yearENDBLV
is the energy lost, in one year, in the LV derivations
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Italian typical residential area (one square km)

Itôs a residential area of one square km where the 30% is occupied 
by buildings:

ÅSurface of a building is 500 m 2

Å600 is the number of buildings 

Å15 is the number of flats per building

Å9000 is the number of flats in a km 2

44
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Italian typical residential area (one square km)

How much is the load density ?

Å3.70 kW is the single house peak

Å9000 * 3.70 = 33.3 MW 

Å0.15 is the RUSK Factor to aggregate several loads

Å33.3 * 0.15= 5 MVA/km 2 is the load density
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Output data: Italian MV/LV system

HV/MV  Transformer [MVA] 126

Number of  HV/MV Trafo per 100 km2

11

Number of  MV main feeder 10

Size of MV main feeder [mm2]
95

Number of MV/LV Trafo per main feeder
7

Total lenght of MV lines [km/km2] 3.27

MV/LV  Transformer [MVA] 0.63

Number of  MV/LV Trafo per 100 km2

771.6
Number of  LV main feeder 6

Size of LV main feeder [mm2] 150

Size of LV derivation [mm2] 25

Total lenght of LV lines [km/km2] 17.96
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The energy savings (ES) per apartment are more or less equal to 3kWh/year

ES are equal to the electrical
Energy  consumptions introduced

Connecting the household
Appliances to the Energy

Load Manager in
Radio Frequency way

ES are even lower than the
electrical energy

consumptions introduced connecting
the household appliances to the 

Energy Load Manager in
power line way (15 kWh).

Country Control action Energy savings for a 

single house [kWh/year]

CO2 emissions 

coefficient 

[gCO2/kWh]

CO2 emissions savings  

for a single house

[KgCO2]

Italy Load Shifting 2.3 465 1,07

France Load Shifting 5.7 89 0,5

Germany Load Shifting 2.1 475 1,03

U. K. Load Shifting 2.8 492 1,4

RESULTS: LOAD SHIFTING ACTIONS
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RESULTS: Distributed on Site Actions

Country Control action Energy savings for a 

single house [kWh/year]

CO2 emissions 

coefficient 

[gCO2/kWh]

CO2 emissions savings  for 

a single house

[KgCO2]

Italy Distributed on Site 353.7 465 165

France Distributed on Site 415.0 89 37

Germany Distributed on Site 648.8 475 308

U. K. Distributed on Site 395.7 492 195

Single apartment

Thanks to the adoption of the DoS actions, the CO2 emissions savings for a
single house become much higher than in the case of the Load Shifting

actions 

CO2 emissions savings  for a single 

house

[KgCO2]

Load Shifting

CO2 emissions savings  for a single 

house

[KgCO2]

Distributed on Site

1,07 165

0,5 37

1,03 308

1,4 195

Country

Italy

France

Germany

UK
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RESULTS: Distributed on Site Actions

Country

Country CO2 emissions production 

per country

[ktons/year]

CO2 emissions savings per 

country

[ktons/year]

Balance in CO2
emissions per 

country

[ktons/year]

Italy 1544 2636 1092

France 1905 722 -1182

Germany 5284 7980 2695

United kingdom 1661 3140 1478

CO2 emissions savings , due to the elimination of electrical energy consumption for
the water heating phase = 2 .637 ktons per year

CO2 emissions increase production , due to the employment of IGWH to heat water for
dishwashers and washing machines too = 1 .544 thousands of tons per year .

There are totally 1 .093 thousands of tons of CO2 per year saved (not generated) .

Italy (example)
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RESULTS: Distributed on Site Actions

Country

Country CO2 emissions production per 

country

[tons/year]

CO2 emissions savings per 

country

[tons/year]

Balance in CO2
emissions per country

[tons/year]

Italy 1544 2636 1092

France 1905 722 -1182

Germany 5 284 7980 2695

United kingdom 1661 3140 1478

In France, cause of the large employment of nuclear plants, which have very
low CO2 emissions, the bigger employment of IGWHs, used not only for the rooms
heating and for the bathrooms and kitchens water heating but also for the heating of
water needed by dishwashers and washing machines, implies an increase of CO2
emissions .

France
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Final considerations:

Å The differences between the DSM scenarios (1 and 2) and the DoS one 

(3) are significant and they are due to the elimination of the electric 

energy consumptions for the water heating of dish-washers (DW) and 

washing-machines (WM).

Å The values obtained for the various countries are different and they are 

related to the penetration rates of appliances and IGWHs and to the usage 

patterns and probabilities.

For example, the savings of the scenario 3 are the highest in Germany, 

because the penetration rates of DWs and IGWHs are higher than those of 

the other countries (respectively, 61% of DWs and 80% of IGWHs).

51

Energy management analysis work outputs
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The only applying of load shifting actions (ON/OFF power levelling

actions) is not useful to reach a considerable CO2 emissions reduction.

By considering the production of heat water outside the household

appliances (dishwasher and washing machines) a considerable

reduction of CO2 emissions can be obtained in Italy, Germany and

United Kingdom but not in France.

In France, cause of the large employment of nuclear plants, which have

very low CO2 emissions, the bigger employment of IGWHs, implies an

increase of CO2 emissions.
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Electrical Energy generated by power plants

16%

75%

0%

9%

2%

75%

20%

3%

4%

62%

27%

7%

12%

9%

78%

1%

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Italy U.K. Germany France

Nation

Others

Nuclear

Thermal

Hydroelectric

CO2 Simulator: emission coefficients

53



Company's 

Logo

17 ï19 November 2010

Rosario Miceli University of Palermo

EuropeankCO2x.medium emissioncoefficientof power plants

Generation 

source

Nuclear Coal Gas Oil Hydro Waste Geothermal Wind
PV (home 

application)

[gCO2/kWh] 19.7 815.0 362.0 935.0 24 50 24 6.4 53.3
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OIL

Italian time profile of emissioncoefficientsfor thermalplants,which dependon

quality of fuel, ageof theplantsandadoptedmeasuresto reduceCO2 emissions

CO2 Simulator: emission coefficients
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xkk
xCOCO 22

coefficient  is given by the following formula:

wherekCO2x is thespecificCO2 coefficientemissionby sourceandȹxis the

producedenergyin percentof theemployedsource.

CO2 Simulator: emission coefficients

Relativeelectrical energyȹx
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CBA ïscenarios and related analyses

CBA

Private analysis at house level

(for each scenario and country)

Project analysis at country level

(for each scenario and country)

Houses with ESWH

ü the private analysis is equal to

scenario 2

Houses with IGWH (without ESWH)

ü a separate private analysis is

performed

Scenario 1: DSM on/off

Scenario 2: DSM on/off + advanced

Scenario 3: DSM on/off + advanced + DoS

Scenarios
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CBA work approach 

Costs Benefits

C.1) Added cost of connected 

appliances (c.a.)

B.1) Saving on house energy 

consumption

C.2) Cost of the control and 

communication system

B.2) Savings on energy losses at grid 

level

C.3) Added cost for IGWH control and 

connection with the appliances 

(only for DOS scenario)

B.3) Environmental benefits (savings on 

CO2 emissions / local 

environmental costs reduction)

C.4) Added IGWH consumption (only for 

DOS scenario)

C.5) Added IGWH CO2 emissions (only 

for DOS scenario)

Time horizon: 13 years (equal to the life expectancy of the connected appliances)

Discount rate: 5% (social discount rate)
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CBA ïinput data

(including 

ESWHs in the 

penetration rate 

given by CECED)

(for houses 

where ESWH 

is not present)

Added cost of each c. a. 50,00 ú

Cost of the communication system 250,00 ú

Added cost for IGWH connection 570,00 ú

Added cost of the connected appliances and cost of the control system (C.1 ïC.2)

Added cost of the IGWH control and connection (C.3)

Italy France Germany UK

Scenarios 1-2 419,50 412,00 426,50 404,00

Scenario 3 404,50 392,00 416,50 389,00

Total cost C.1-C2  [millions ú]6.543 7.883 10.857 6.060

Cost C.1-C2 for each 

house [ú]

Italy France Germany UK

570,00 570,00 570,00 570,00

Total cost C.3 [millions ú]6.223 6.544 11.608 5.985

Cost C.3 for each house [ú]
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CBA ïinput data

Added IGWH gas consumption (C.4)

Added IGWH CO2 emissions (C.5)

Monetary evaluation:

æ externalities related to global warming (CO2 emissions) 

Ĕ [ú/tonn] 13,00UK

12,00Germany

5,00France

12,00Italy

Local costs 

[ú/MWh]

19,00
Cost of CO2 emissions  

[ú/tonn]

13,00UK

12,00Germany

5,00France

12,00Italy

Local costs 

[ú/MWh]

19,00
Cost of CO2 emissions  

[ú/tonn]

Italy France Germany UK

40,76 37,97 74,58 23,46

Total cost C.4 [millions ú/year]445,0 436,0 1.518,9 246,3

Cost C.4 for each house [ú/year]

Monetary evaluation:

æ Average price of gas for households [ú/GJ]
Italy France Germany UK

16,02 12,72 15,98 8,24

Average price of gas for households 

[ú/GJ]

Italy France Germany UK

2,69 3,15 4,93 3,01

Total cost C.5 [millions ú/year]29,3 36,2 100,4 31,6

Cost C.5 for each house [ú/year]
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CBA ïinput data

Monetary evaluation

æ average cost of electricity for households

10,2018,3212,0521,08

UKGermanyFranceItaly

average cost of electricity for households

[cent ú/kWh]

10,2018,3212,0521,08

UKGermanyFranceItaly

average cost of electricity for households

[cent ú/kWh]

for each house total

[ú/year] [millions ú/year]

Scenario 1 0,48 7,56

Scenario 2 0,39 6,08

Scenario 3 74,56 1.162,85

Scenario 1 0,68 13,05

Scenario 2 0,02 0,31

Scenario 3 50,00 956,77

Scenario 1 0,40 10,09

Scenario 2 0,58 14,80

Scenario 3 118,85 3.025,49

Scenario 1 0,29 4,35

Scenario 2 0,13 1,96

Scenario 3 40,36 605,43

France

Germany

UK

Benefit on house electricity 

consumption

Italy

Savings on house energy consumption (B.1)

60



Company's 

Logo

17 ï19 November 2010

Rosario Miceli University of Palermo

61

CBA ïinput data

Monetary evaluation

æaverage peak market price of electricity
Italy France Germany UK

108,73 70,45 74,59 72,52

average peak market cost of electricity 

[ú/MWh]

[millions ú/year]

Scenario 1 10,07

Scenario 2 13,84

Scenario 3 16,81

Scenario 1 9,69

Scenario 2 4,46

Scenario 3 12,85

Scenario 1 7,48

Scenario 2 7,47

Scenario 3 21,32

Scenario 1 15,59

Scenario 2 25,37

Scenario 3 33,42

Germany

Italy

France

UK

Benefit on grid level

Savings on energy losses at grid level (B.2)
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CBA ïinput data

Monetary evaluation:

æexternalities related to:

ü global warming (CO2 emissions)

Ĕ [ú/tonn]

ü local impact on air pollution, public health 

and ecosystem (particles, SO2, NOX, etc.) 

Ĕ [ú/MWh produced]

Environmental benefits (B.3)

13,00UK

12,00Germany

5,00France

12,00Italy

Local costs 

[ú/MWh]

19,00
Cost of CO2 emissions  

[ú/tonn]

13,00UK

12,00Germany

5,00France

12,00Italy

Local costs 

[ú/MWh]

19,00
Cost of CO2 emissions  

[ú/tonn]

Benefit on CO
2 

emissions     

[millions ú/year]

Benefit on local 

impact    

[millions ú/year]

Total benefit on 

environment   

[millions ú/year]

Scenario 1 1,13 1,54 2,68

Scenario 2 1,38 1,87 3,25

Scenario 3 50,10 68,05 118,15

Scenario 1 0,42 2,95 3,36

Scenario 2 0,11 0,79 0,90

Scenario 3 13,73 97,47 111,20

Scenario 1 1,40 1,86 3,27

Scenario 2 1,63 2,17 3,81

Scenario 3 151,62 201,61 353,23

Scenario 1 2,35 3,02 5,37

Scenario 2 3,36 4,31 7,67

Scenario 3 59,67 76,60 136,28

UK

Country

Italy

France

Germany
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Project analysis - NPV
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CBA ïSummary of the results 

Private analysis - NPV
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NPV (Net Present Value)

It is the actual amount of all the net

flows generated by the investment

NPV>0 means that the project

generates a net benefit.

It is also useful to rank projects on the

basis of their NPV values, and decide

which is the

best.
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CBA ïSensitivity Analysis

The most sensitive input data are:

ü the added cost for each connected appliance (50,00 ú)

ü the cost of the control system (250,00 ú)

ü the added cost for IGWH connection (570,00 ú)

These costs are high, if compared with the obtainable benefits.

A sensitive analysis has been performed for Scenario 3, by varying the

aforesaid costs, as follows:

ü added cost for each connected appliance: from 0,00 to 50,00 ú

ü cost of the control system from 50,00 to 250,00 ú

ü added cost for IGWH connection from 0,00 to 570,00 ú
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CBA ïSensitivity Analysis ïResults for 
Italy 

NPV versus added cost for IGWH connection ïScenario 3

Added cost for each connected appliance (50,00 ú)

Project Analysis - NPV(5%)
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Cost of IGWH 

connection

Today, we are 

here
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Project Analysis - NPV(5%)
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NPV versus added cost for IGWH connection ïScenario 3

Added cost for each connected appliance (50,00 ú)
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CBA ïSensitivity Analysis ïResults for France
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NPV versus added cost for IGWH connection ïScenario 3

Added cost for each connected appliance (50,00 ú)

CBA ïSensitivity Analysis ïResults for 
Germany

Project Analysis - NPV(5%)
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NPV versus added cost for IGWH connection ïScenario 3

Added cost for each connected appliance (50,00 ú)

CBA ïSensitivity Analysis ïResults for UK

Project Analysis - NPV(5%)
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The NPV becomes positive if the initial costs for connection are suitably reduced.

CBA ïSensitivity Analysis ïfinal 
considerations 

NPV versus added cost for IGWH connection ï

Scenario 3 comparison among the considered countries

Added cost for each connected appliance = 25,00 ú,

Added cost of control system = 150,00 ú.

The best situation is in Germany, where there is the highest percentage of IGWHs, thus reaching the

most significant savings on house level; moreover, also the impact on environment are the highest.

The Italian case is also good, mainly because in

Italy the monetary values of the savings on

house and grid level are higher than those of the

other countries.

Project Analysis - NPV(5%)
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Italy France Germany UK

The worst situation is in France, where the CO2

emissions of IGWHs overcome the CO2 savings

in power plant, because of the wide employment

of nuclear plants which have low CO2 emissions

and environmental impact.

An intermediate situation is in UK, where the

environmental benefits are higher than in France

and Italy, but the monetary benefits at house

level are less significant, because of the price of

electricity, that is the lowest of the considered

countries.
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Further considerations ïStand - by analysis

Per Year Energy Consumption (KWh/Year)

Nation RF Powerline

Italy 2,96964 14,8482

France 2,88204 14,4102

Germany 3,09228 15,4614

UK 3,00468 15,0234

It was estimated that the networked stand-by was equal to:

Å500 mW /appliance with power line communication, 

Å100 mW /appliance with the radio frequency transmission.

In both cases it was estimated that the control system used 500 mW

Energy Stand-by consumption = 

Penetration rate (%) x 24(h) x 365 (days) x 100 (mW) (or 500 mW) + 500 mW
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Further considerations ïStand - by analysis

All simulations have included the appliances stand-by plus the networked stand-

by in the quantity of 0,1W/appliance plus a 0,5 W for the control system (best

condition).

A specific analysis has been executed by investigating further hypothesis for

stand-by consumption.

1. First hypothesis considers to eliminate the appliances stand-by and to

substitute it with networked stand-by of powerline networking nodes (0,5

W /appliance)

2. Second hypothesis considers to eliminate the appliances stand-by and

to substitute it with networked stand-by of RF networking nodes (0,1 W

/appliance)

In both hypothesis a 0,5 W consumption was considered for the control system.
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Energy savings for each house
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Further considerations ïStand - by analysis

On average, the elimination of the appliances stand-by leads to a electricity 

saving of about 40 kWh/year in the case of PL communication and 50 kWh/year 

in the case of RF transmission (the savings for the scenario 1 are equal to 2-5 

kWh/year). 
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Total energy savings at house level
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Further considerations ïStand - by analysis

Total economic benefit at house level

0

50

100

150

200

250

300

Italy France Germany UK

m
i
l
l
i
o
n
s
 
ú
/
y
e
a
r

Scenario 1 (DSM

on/off)

Scenario 1 with

only PL standby

Scenario 1 with

only RF standby

The elimination of the traditional stand-by consumption leads to a significant economic benefit at country 

level, from about 60 to 200 millions ú/year in the case of PL communication and from 75 to 260 millions 

ú/year in the case of RF transmission. 

Furthermore, there are about 10 million ú/Year of savings at house level per each decrease of 0,1W of 

stand-by consumption (on average)
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Savings on CO2 emissions
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Further considerations ïStand - by analysis

The stand-by savings give also a significant contribution to the environmental benefits, with 

about 1 million ú/Year of savings on environment per each decrease of 0,1W of stand-by 

consumption (on average). (Only in France these benefits are less important, because of the 

presence of the nuclear plants).
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CBA ïconclusions

The CBA has produced negative results for all the considered scenarios and countries,

notwithstanding the energy and environmental benefits can be significant.

In all countries, the best results were obtained with the DoS scenario, where the energy

savings at house level are higher than those of the other scenarios.

This means that the energy management actions should be aimed at the reduction of the

energy demand and not only to the reduction of energy losses.

This is confirmed by the results obtained for the stand-by analysis, which showed that:

1. the elimination of the stand-by consumptions of the connected appliances (with

the exception of the networking standby) can give a positive contribution to the

economic balance.

2. also small reductions of such consumptions produce important benefits at country

level, for both the energy savings and the environmental impacts.

Anyway, CBA is very sensitive to infrastructure costs, so positive results are foreseen if CECED

is able to reduce the costs of infrastructures accordingly with sensitive data produced in this

EM study.
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Choose of networking infrastructure

Appliance: when dealing with energy management applications the more coherent

solution is to have a radio frequency networking node at appliances in order to have

the lower stand-by consumption. It also should be cheaper than power line solutions.

Energy manager and gateway: as this devices do not add any benefit to the house

value, it is suggested to keep it as cost effective as possible. For instance they could

be partially integrated with the networking infrastructure already present in a number

of European houses: ADSL gateway and Personal Computers.

Integration of Water heaters: the integration of water heaters with networking

features, is suggested for heating the water needed to washing machines and

dishwashers. The study have highlighted that this integration gives no economical

benefits in case of ESWH Electric Storage Water Heater (low efficiency) and for

IGWH Instantaneous Gas Water Heaters (high cost for in-house modifications).

Thinking about new homes where integration is possible, usage IGWHs is the

cheapest solution, otherwise heat pump boilers or Solar Panels could be considered

in further studies.
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Choose of energy management applications

DSM

The difference between scenario 1 and scenario 2 is often small both in house and

grid simulation results. The difference is due to simulation of advanced control

actions at appliance level, which imply higher complexity in appliance and reduced

performances in terms of time, or washing performances. Even if advanced control

actions were simulated with very simple cases, the study suggests to simplify the

approach and to apply only DSM actions which generate a load shift of appliance

energy profiles.

DoS

Distributed on Site actions are more interesting but require a more complex

infrastructure where the Water heater is integrated in the home network. How many

European families will have both networked water heaters and networked washing

machines and dishwasher? How many families are ready to modify hot water

installation net for adding those services? Those and other questions, even behind

the scope of such study, would need an answer to evaluate benefits of DoS. New

buildings with new generation of water heaters (heat pumps, solar) would benefit

much more of this scenario 3.
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House energy savings and stand - by

Savings due to reduction of energy losses per house (around 3kWh/year) are

almost equal to energy consumption of networked stand-by which has been

added to stand-by of household appliances, that in case of radio frequency

networking nodes is equal to 0,1W per appliance. In case of power-line

appliances the networking stand-by raises to 15kWh/year).

On the other hand, in the study it is well explained how networking nodes can be

used to reduce the cost of stand-by at appliances, by substituting (if possible) the

appliance stand-by with the only stand-by of networking node. If this would be

possible, big savings are expected at home.



Company's 

Logo

17 ï19 November 2010

Rosario Miceli University of Palermo

79

Grid savings

Savings due to reduction of energy losses per country are quite important, they

range from 5% in Germany (scenarios 1 or 2) to 26% in UK if scenario 3 is applied.

As grid energy losses are usually 1.5% to 2.5% of the energy demand, grid savings

in energy losses are around 0,1% to 0,5% of energy demand.

Revenues from grid savings are important but nothing compared with figured costs

for infrastructure. It means that CBA, as showed, is very sensitive to the cost of

infrastructure.

A deeper study could evaluate other benefits on the grid such as the benefit for

utility to avoid acquirement of energy at high cost due to presence of peak hours.
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Environmental benefits

Evaluation of scenario 3 shows that heating with electricity is the best solution for

CO2 emissions in France where Nuclear plants provide the biggest part of energy

production. This means scenario n 3 is not suggested in France.

Money evaluation of CO2 savings show good savings but nothing compared with

figured costs for infrastructure.

A further study could involve a comparative analysis with other ways to produce

similar CO2 savings, in order to help in finding the trade-off between cost of

infrastructure and investment benefits.
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System improvement considerations

Cost benefits analysis outlines that the results of this study (Energy

Management) does not tie in with the aims of the CECED.

It is to be considered however that only DSM control actions present in literature

have been here taken into account.

UNIPA believes that by acting more sophisticated control algorithms both of

power levelling (dynamic threshold) and of power shaving, improvements in

energy losses savings can be achieved.

Moreover, the advanced control algorithm suggested by CECED has not showed

good results because, in the opinion of UNIPA, taking into account only the

shifting for ten minutes of the heating phase, with the consequent prolongation of

the household appliances (dishwashers and washing machines) load profiles,

does not imply improvements in energy saving, as it is evident by the house

simulator results.
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System improvement considerations

Only new advanced control actions, able to significantly change the appliance

load profile, can reach significant results by reducing the power consuming with

acceptable performances.

To increase the benefits, more intelligent features, with respect to the ones here

taken into account, could be considered. For example, an on-line diagnosis

algorithm of the household appliances could be easily implemented improving the

userôssatisfactions (in fact the user could be able to know the durability of his

intelligent appliances) and reducing the energy waste (an appliance wastes more

energy if it is old and/or if it is in a bad working condition).
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Another argument which could outline benefits becoming by energy management

through connected household appliances is the possibility of postponing the

strengthening of power grid. By considering that the most important parameter to

size the power grid is the load density per km2 it can be easily noticed that in Italy

(as an example) there is a reduction of the peak load and consequently of the

load density, equal to 17% passing from scenario 0 to scenario 1 while it is equal

to 27% passing from scenario 0 to scenario 3. This means that by considering a

growing of the country energy demand equal to 3% per year it is reasonable to

think that the strengthening of the country power grid can be postponed of about 4

years or 9 years by adopting scenario 1 or scenario 3 respectively. The

consequent economic relevant benefit, to be evaluated in a further step, could be

the most important element to persuade economic lobbies about the importance

of energy management through connected household appliances.

Postponed strengthening of power grid
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Further steps

It is opinion of UNIPA that the study here reported can be considered respondent

to the CECED contract requirements and at the same time allows to look ahead

further steps of analysis.

A new step could consider, as input, a stand-by value for each appliance equal to

1 W bringing the total stand-by to 1.1 W for each appliance by considering Radio

Frequency net working. Moreover, the study could be repeated by considering

houses within 2,5 people living for each country.

Another further step could be the benefits evaluation for country energy Utility

(EDF, ENEL etc) thanks to the possibility of implementing programmed load

shedding at county level, by using energy management through connected

household appliances. Load shedding could avoid both troubles related to power

quality and the energy production with less convenient power plants when peak

demands are too high.

Finally a further step could consider the possibility of using DoS control actions

which foresee the use of integrated photovoltaic solar panels and heat pumps.
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BeyWatch: Building EngergY WATCHer
Innovation areas & partners

Reduced energy

Consumption

Intelligent energy-aware

white goods1

Ultra low-cost in-home

communications2

Devicesô monitoring &

personalized control3

Hybrid Photovoltaic/

solar home system4

Modelling & control

of power distribution 

in local areas
5

Business Support Systems

and new business models6

Power demand

balancing

Mutual beneficial

contracts

Contribution to

standards

Contribution to

Energy & environmental

Sustainability EU vision

Reduced pollution &

CO2 emission
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Objectives

ÅDesign, prototype and validate the combined photovoltaic/solar 

panel RES, focusing on energy production/handling, hot water 

management and communication network interface.

Å Design and prototype the BeyWatch M2M communication 

interface over various physical media (wireless/wired).

Design and prototyping of small scale RES system 

Photovoltaic/Solar prototyped
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UNIPA contribution to BEYWatch
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The CPS will be able to feed the appliances and the 

house  hot  water  requirements.  

The  CPS  will  be  connected  to  the  Residential 

Gateway  through  a  communication system. 

Electric  energy  from PV  panel  could  also  be  used  

to  heat water in case of hot water demand, when a low 

water temperature is monitored within the boiler
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CPS architecture
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Hot 

Water 

Tank

Washing 

MachineWatcher

CPS

Fridge

Freezer

Solar CollectorPV 

Panel

DC

AC

DishwasherLighting

Residential

Gateway

Uni-directional 

meter

Bi-directional 

smart meter

CPS architecture
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Modules electrical characteristics

PV PhotoVoltaic Subsystem

90

Peak power [W] 220 

Short circuit current [A] 8,11

Open circuit voltage [V] 37,89

Maximum power voltage [V] 29,67

Maximum power current [A] 7,44

Maximum power curve
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Modules mechanical characteristics

PV PhotoVoltaic Subsystem
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Dimensions [mm] 1640x987x40

weigh 21 kg

Module view
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INPUT (DC) data

Power DC max. 2300 W

Voltage DC max 600 V

MPPT range 100 V ï550 V

Maximum input 

current

11 A

OUTPUT (AC) data

Power AC 1800 W

Power AC max. 1980 VA

Connection Single phase

Efficiency max. 97%

Data monitored:
ü Instant dc voltage
ü Instant dc current 
ü Instant ac voltage
ü Instant ac current
ü Instant ac power
ü Total ac energy

PV PhotoVoltaic Subsystem

Inverter
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Connection to the grid, 
according to CEI 11 - 20 
standard

Solar tank 

electric 

resistance

PV PhotoVoltaic Subsystem
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PV PhotoVoltaic Subsystem ïwork in progress
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Solar collectors

Solar Station

Water  feeding
from public
hydraulic net

Thermostatic 
valve

Water tank

Solar Station for the 
measurement of:

o the temperature of the 
fluid round circuit

o the water pressure

o the water flow rate
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ST Solar Thermal Subsystem
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Solar Thermal: Collectors

one modular solar collector 

(whole net surface = 4,92 m2)

forced circulation system

96

2 modules x 24 pipes 

each


