Use of electric heat pumps to produce hot sanitary water in household plants, in place of conventional electric or gas water heaters

1 SUMMARY OF THE PROGRAM
1..1 Short description of the program.
1..1.1 What is the purpose / goal of the program.
The need to set energy savings targets for the period 2000-2010 gave the Government a great opportunity to rethink the structure of the policy instruments used until that date to promote energy efficiency in end-use sectors. In July 2004 two Legislative Decrees were issued
 (the Twin Decrees 20 July 2004, one for the electricity distribution sector and one for the natural gas distribution sector) which set these quantitative targets together with a new and quite innovative policy tool-kit to promote their achievement. 
1..1.2 What type of instruments are used. 

The policy package combines command and control type of measures (mandatory quantitative targets) with market based instruments (certificate trading) and elements of tariff regulation (cost recovery mechanisms via electricity and gas rates). 

The introduction of tradable White Certificates is the transposition to end-uses energy efficiency of a principle that has been applied so far to a number of other topics in a number of countries (e.g. emissions reductions, development of renewable energy sources, water rights). Its major aim is to combine the ‘guaranteed results’ of regulation (i.e. mandatory energy savings targets) with the economic efficiency of market-based trading mechanisms. At least in theory and under strict assumptions, it is expected to achieve the predefined and compulsory targets at the minimum total cost.
1..2 General and specific user category (economic sector and subgroups).
All households are involved
1..3 Technologie(s) involved.
Usually, compression heat pumps machinery is used to product sanitary hot water. The compressor is driven by an electric motor. Only this case will be considered in the present procedure.

The heat source (cold source) is typically atmospheric air and the hot well is made up of the sanitary water. Heat is transferred by means of a refrigeration cycle which exploits the phase transitions of a fluid. The relevant water heater derives by coupling a low power heat pump and a storage tank: the heat pump condenser is immersed into the water to be heated.
Since heat pump performance decays when temperature of the external air decreases, some device has to support the machine when the generated heat is not enough. For this reason, an electric resistance is placed in the storage tank, which can be turned on when the temperature of the sanitary water would otherwise risk not to reach the requested values. When this resistance is activated, usually when the air temperature falls below 7/8 °C, the heat pump is turned off: this feature has to be kept into account in the evaluation of consumes, since the overall efficiency of the water heater is remarkably less when the resistance is working.
1..4 Relevant as a Demand Response measure? If yes, describe briefly. 
No

2 FORMULA FOR CALCULATION OF ANNUAL NET ENERGY SAVINGS
2..1 Formula used for the calculation of annual net energy savings. 
The quite simple self developed formula is used to evaluate the annual net
 specific
 savings RSN: 

RSNgas = a . (EPgas - EPpdc)
substitution of gas with heat pump water heater

RSN
=
RSNelet = a . (EPelet – Eppdc)
substitution of electric with heat pump water heater


RSNnew = a . (EPnew – Eppdc)
new installation of a heat pump water heater

RNS is given in toe/year per equipment

2..2 Specify calculation parameters; what do the parameters represent.
EPgas = Consumes of a gas water heater for a single household user
EPelet = Consumes of an electric water heater for a single household user
EPpdc = Consumes of heat pump water heater for a single household user
EPnew = Consumes of a water heater for a “virtual” substitution in case of a new installation
2..3 Specify the unit for the energy saving calculation
Toe of primary energy per year and per equipment (i.e.  per electric heat pump water heater used to produce hot sanitary water) is the adopted unit for the energy saving calculation.
2..4 Baseline issues
The used baseline type is the  before situation, i. e. evaluating the measure against the technique used before the implementation of the EE measure. The following Table 1 shows the assumed national evolution of the water hater stock in Business As Usual (BAU) conditions:
Table 1 - Scenario BAU – Evolution till 2020 of the sanitary water heater stock
	Year
	Sanitary water heater stock 

	
	Electric
standard
	Electric
high efficiency
	Gas Instantaneous
	Gas Storage
	Solar with heater
	Electric 

heat pump
	Mixed heater
	Total

	2010
	5.306.558
	67.830
	1.706.842
	618.310
	599.153
	4.741
	14.380.737
	22.684.171

	2011
	5.266.542
	104.510
	1.706.842
	618.281
	868.401
	8.106
	14.380.737
	22.953.419

	2012
	5.124.276
	174.809
	1.706.842
	617.984
	1.204.961
	13.059
	14.380.737
	23.222.667

	2013
	4.917.434
	309.544
	1.706.842
	617.678
	1.541.522
	18.160
	14.380.737
	23.491.917

	2014
	4.199.603
	955.125
	1.706.842
	617.362
	1.878.082
	23.413
	14.380.737
	23.761.164

	2015
	3.508.546
	1.573.782
	1.706.842
	617.037
	2.214.642
	28.825
	14.380.737
	24.030.412

	2016
	2.843.137
	2.166.639
	1.706.842
	616.703
	2.551.203
	34.398
	14.380.737
	24.299.660

	2017
	2.202.296
	2.734.772
	1.706.842
	616.358
	2.887.763
	40.139
	14.380.737
	24.568.909

	2018
	1.584.986
	3.279.212
	1.706.842
	616.004
	3.224.324
	46.053
	14.380.737
	24.838.157

	2019
	990.214
	3.800.947
	1.706.842
	615.638
	3.560.884
	52.144
	14.380.737
	25.107.406

	2020
	417.028
	4.300.923
	1.706.842
	615.262
	3.897.444
	58.416
	14.380.737
	25.376.653


2..5 Gross to net corrections

2..5.1 Specify which gross to net corrections have been applied and how these are calculated. 
Gross to net specific saving corrections are performed to account for the additionality level of the examined measure. A multiplier coefficient a (0 < a < 1) is used to this purpose. An actual value a=1 is assumed in this case.
2..6 Normalization
Normalization has been applied in terms of degree heating days, with reference to the six climatic zones, ranging from A to F, into which Italy is subdivided. 
Legislative reference is: 
DPR 26 AGOSTO 1993, N. 412 - "Regolamento recante norme per la progettazione, l'installazione, l'esercizio e la manutenzione degli impianti termici degli edifici ai fini del contenimento dei consumi di energia, in attuazione dell'art. 4, comma 4, della legge 9 gennaio 1991, n. 10"
Palermo was chosen as reference town for the A and B zones, Napoli for the C zone, Rome for the D zone and Milano for the E zone. We assumed that the use of a heat pump water heater was not convenient in the F zone.

3 INPUT DATA AND CALCULATIONS
3..1 Parameter operationalisation 

The consumes of a heat pump water heater depend on the external air temperature: its increase or decrease with respect to a reference temperature leads to a greater or less efficiency than that relevant to the reference temperature. 
Moreover, the effect of the auxiliary resistance must be considered (with an unitary efficiency) to account for the drastic worsening of the performance. These remarks are evident in Figure 1Errore. L'origine riferimento non è stata trovata., which shows the COP trend versus the external air temperature for three equipment with nominal COP
 (below identified as COPN). These were obtained form laboratory equipment (source: CECED
 Italia), with the supplementary assumption of activation of the auxiliary resistance at 7 °C.
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Figure 1 - COP as a function of the external temperature for reference heat pumps.
These COP values acted as a base for the evaluation of an average annual COP  (below identified as COPM.A.) for various reference heat pumps with COPN ranging from 2.5 to 3.5. In this computation, annual hourly temperatures were considered in reference town for each climatic zone
, assuming a delivery profile for the hot water ranging between 6h00 e le 24h00 (see Table 2). 

Table 2 - COPM.A. versus climatic zone and reference equipment
	
	Climatic zone

	COPN
	A/B
	C
	D
	E

	3,5
	3,67
	3,44
	3,38
	2,91

	3,4
	3,57
	3,35
	3,29
	2,84

	3,3
	3,47
	3,25
	3,2
	2,77

	3,2
	3,37
	3,16
	3,11
	2,69

	3,1
	3,27
	3,07
	3,02
	2,62

	3
	3,17
	2,97
	2,92
	2,55

	2,9
	3,07
	2,88
	2,83
	2,48

	2,8
	2,97
	2,79
	2,74
	2,4

	2,7
	2,87
	2,7
	2,65
	2,33

	2,6
	2,77
	2,6
	2,56
	2,26

	2,5
	2,67
	2,51
	2,47
	2,18


The consumes of a single water heater are given by:
Consumes of a gas water heater for a single household user:

EPgas = E/ηgas . fT . 10-3 + Pvent . Hvent . 365 . fE  . 10-6 = 163   [10-3 toe/year]

Consumes of an electric water heater for a single household user:

EPelet = E/ηa,el . fE . 10-3 = 251   [10-3 toe/year]
Consumes of heat pump water heater for a single household user:
EPpdc = E/ηa,pdc / COPM.A  . fE . 10-3    [10-3 toe/year]

Table 3 shows the primary energy consumes of a heat pump water heater. They were computed using the above EPpdc formula versus the climatic zone and the characteristic COPN  of the equipment.
Table 3 – Consumes of a heat pump water heater EPpdc versus COPN e climatic zone  [10- 3toe/year].

	
	Climatic zone

	COPN
	A/B
	C
	D
	E

	3,5
	68
	73
	74
	86

	3,4
	70
	75
	76
	88

	3,3
	72
	77
	78
	91

	3,2
	74
	79
	81
	93

	3,1
	77
	82
	83
	96

	3
	79
	85
	86
	98

	2,9
	82
	87
	89
	101

	2,8
	85
	90
	92
	105

	2,7
	87
	93
	95
	108

	2,6
	91
	97
	98
	111

	2,5
	94
	100
	102
	115


In case of a new installation of a heat pump water heater, definition of a reference “baseline” consume is needed. The consume of such a “virtual” baseline machine  is obtained as a weighted average of the different kinds of water heater. To this purpose, reference is made to the national statistics issued yearly by the Italian Energy Agency ENEA
, which show the following mix of final energy for the production of hot sanitary water:

· Natural gas: 67.43%

· Electric power: 25.73%

· Other (Diesel oil, LPG, wood, coal, fuel oil): 6.84%
Assuming that the consumes of water heaters fed by “other” energy sources correspond to the consume of natural gas ones
, the reference consume for the new installations is then given by: 
EPnew = EPgas . (0,6743 + 0,0684) + EPelet . 0,2573 = 186 . 10-3 toe/year
In conclusion, the gross specific savings RSL for installation of a single household heat pump water heater is given in [10-3 toe/year] by:


RSLgas = EPgas - EPpdc
substitution of gas with heat pump water heater

RSL
=
RSLelet = EPelet – Eppdc
substitution of electric with heat pump water heater



RSLnew = EPnew – Eppdc
new installation of a heat pump water heater

The net specific savings RSN is given by:

RSNgas = a . (EPgas – Eppdc)
substitution of gas with heat pump water heater

RSN
=
RSNelet = a . (EPelet – Eppdc)
substitution of electric with heat pump water heater



RSNnew = a . (EPnew – Eppdc)
new installation of a heat pump water heater

where the  multiplier coefficient a (0 < a < 1) is used to account for the additionality level of the examined measure. An actual value a=1 is assumed in this case.
The following Table 4, Table 5 and Table 6 show, in the order, the gross specific savings for the substitution of a gas water heater, for the substitution of al electric water heater and for a new installation of a heat pump water heater.
Table 4 – Gross specific savings for substitution of a gas water heater [10-3 toe/year]

	
	Climatic zone

	COPN
	A/B
	C
	D
	E

	3,5
	95
	91
	89
	77

	3,4
	93
	89
	87
	75

	3,3
	91
	86
	85
	73

	3,2
	89
	84
	83
	70

	3,1
	87
	82
	80
	68

	3
	84
	79
	78
	65

	2,9
	82
	76
	75
	62

	2,8
	79
	74
	72
	59

	2,7
	76
	71
	69
	56

	2,6
	73
	67
	65
	52

	2,5
	69
	63
	62
	48


Table 5 – Gross specific savings for substitution of an electric water heater [10-3 toe/year]
	
	Climatic zone

	COPN
	A/B
	C
	D
	E

	3,5
	183
	178
	177
	165

	3,4
	181
	176
	175
	163

	3,3
	179
	174
	173
	160

	3,2
	177
	172
	170
	158

	3,1
	174
	169
	168
	155

	3
	172
	166
	165
	153

	2,9
	169
	164
	162
	150

	2,8
	166
	161
	159
	146

	2,7
	164
	158
	156
	143

	2,6
	160
	154
	153
	140

	2,5
	157
	151
	149
	136


Table 6 - specific savings for a new installation[10-3 toe/year]
	
	Climatic zone

	COPN
	A/B
	C
	D
	E

	3,5
	111
	107
	106
	94

	3,4
	109
	105
	104
	92

	3,3
	107
	103
	102
	90

	3,2
	105
	101
	100
	88

	3,1
	103
	99
	97
	86

	3
	101
	96
	95
	83

	2,9
	99
	94
	92
	81

	2,8
	96
	91
	89
	77

	2,7
	93
	88
	87
	74

	2,6
	90
	85
	83
	71

	2,5
	87
	82
	80
	68


An evaluation was made, which led to economic savings ranging from 82 and 272 €/year for the installation of heat pump water heater instead of fossil ones in households placed in an “average” climatic zone
3..2 Total savings over lifetime
3..2.1 Savings lifetime of the measure / technique selected
A conventional lifetime of 5 year is assumed for this measure. Energy efficiency titles are produced yearly only within this conventional lifetime, in a quantity related to the RSN given by the above procedure
3..2.2 Calculation of savings lifetime of the measure / technique

No savings cumulating or actualisation mechanisms were performed over the savings lifetime.
4 GHG savings

There is no calculation of GHG savings. Note anyway that the carbon intensities adopted in Italy at present are:
Gas:
2.640 t CO2/toe

Electric power (from 2010 to 2015): 0.351 to 0.317 t CO2/MWhe
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Annex:
Definitions

E
Average net thermal need per household for the production of hot sanitary water: assumed as 1275 kWh/year.

EPgas
Consumes of a gas water heater for a single household user [toe/year].

EPelet
Consumes of an electric water heater for a single household user [toe/year].
EPpdc
Consumes of heat pump water heater for a single household user [toe/year].

RSLgas
Gross specific energy savings for substitution of gas with heat pump water heater [toe/year].

RSLelet
Gross specific energy savings for substitution of electric with heat pump water heater [toe/year].
RSLnew
Gross specific energy savings for a new installation of a heat pump water heater [toe/year].
RSNgas
Net specific energy savings for substitution of gas with heat pump water heater [toe/year].
RSNelet
Net specific energy savings for substitution of electric with heat pump water heater [toe/year].
RSNnew
Net specific energy savings for a new installation of a heat pump water heater [toe/year].
fT
Conversion factor from MWhT into toe, equal to 0.086 toe/MWhT.

fE
Conversion factor from electric power into primary energy, equal to 0.187 toe/MWhe (according to the deliberation EEN 3/08). 

ηa,el
Reference efficiency for the storage system of the electric water heater, assumed as 0.95 [-].

ηa,pdc
Reference efficiency for the storage system of the heat pump water heater, assumed as 0.95 [-].

ηgas
Reference efficiency of a burner of a gas water heater, assumed as 0,7 [-] (source: procedure n.2 deliberation n. 234/02 of Authority).

Pvent
Reference electric size of the fan for a gas water heater, assumed as a 50 W (source: procedure n.2 deliberation n. 234/02 of Authority).
Hvent
Working hours per day of the fan, assumed as 2 hours/day (source: procedure n.2 deliberation n. 234/02 of Authority).
COPN
Coefficient of performance of the heat pump under reference nominal conditions [-], evaluated according to  UNI EN 255-3 standards.

COPM.A.
Average yearly coefficient of performance [-].

a
Additionality coefficient, assumed as 100%






































































































































































� N. B. at present (September 2010) this procedure is still under consultation


� These Decrees, among the other things,  update annual energy savings targets of two similar previous Decrees issued on April 2001, which are cancelled and substituted by these more recent ones.


� See section � REF _Ref271811559 \r \h � \* MERGEFORMAT �2..5�


� See section � REF _Ref271811649 \r \h � \* MERGEFORMAT �2..3�


� Nominal reference conditions are pointed out in the UNI EN 255-3:1998 standards.


� CECED Italia is the Italian Association of Home and Professional Appliances Manufacturers.


�Palermo was chosen as reference town for the A and B zones, Napoli for the C zone, Rome for the D zone and Milano for the E zone. We assumed that he use of a heat pump water heater was not convenient in the F zone.


� ENEA- Rapporto Energia e Ambiente – 2007.


� Note that Diesel oil water heaters show usually a better combustion efficiency than gas water heaters; nonetheless, need is of a storage component, which reduces the overall efficiency. These remarks give the reason for the adopted assumption.  





