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SAVELEC calculation tool — User manual

Document SE. WP2DGCO02

Leo van Gruijthuijsen

1. Introduction

The SAVELEC calculation method aims to predict the annual electricity consumption of boilers
as accurately as possible and to give insight in the consequences of different types of control,
different pumps, etc. The results should be considered as an indication of what may be obtained
under idealised conditions, rather than as a guaranteed figure. As with any calculation the results
depend on both the input parameters and the assumptions made. The background for the calcula-
tion and the assumptions are described in document SE. WP1DGC06 (Annnex B of the WPI
report).

The SAVELEC calculation method is available as an Excel spreadsheet. The spreadsheet must

be opened with macros in order to obtain full functionality.

Boiler Pump Calculation
default data - ofl boiler Nh rone I Heat dermand (kvWhiyr) 20,000
Hot water demand (KvWhiyr) 2,000
user defined z variable speed

user-defined Y
M Elestrinhy sonsumption (W)
non-condensing X Maxirnurn power (W) Oil / gas consurnption (KARyr, NCY)
orroff - Total energy consurmption (KAhir)
two-stage pUMp NS continuoLshy
~ (T fter burrer i = Electricity price (E/Mh)

Maxdirurn hoiler pawer (KWA) Gasfail price (&KW, NCY)

Minimum boiler power (K] Fump after-run, heating (min} Energy costs (&lyr) / electricity

casts (% of total costs)

heating onl
heating and stored hot water Reset to default values ‘ Detailed results I
“ = help / information available
Boiler control Additional components
~k Additional pump (1) D
on/off at Pmax Additional purnp (2) =]
Maximum number of start/stops g Cther (1) D
Minimum boiler temperature 20 Cther (2) D
<
Other (3) [l
Climate data
user-defined =
Heating installation e"“m BMSS'S o
Jenmark (standard vear
Design flawireturn temperature (°C) | B0/ SAUELREEsCEl e ] (CONTRACT BAVE 4103142/02-031/2002)
Finland (Helsinki}
Design radiator power (KW) 10 France (Paris) | BOILER SAVELEC
Constant flow? I:‘ Germany (Berlin) - Characterisation and reduetion of electrical consumption
Flow through bypass (I/h) 0 Correction of monthly climate data of central heating systems and companents

The main menu consists of six input field (for boiler, boiler control, heating installation, addi-
tional components and climate data) and the main results of the calculation. Detailed results are

given on a separate page.

The next sections describe the input field and result pages, as well as the default values used for

the calculation.

H:\724\77 savelec\WP2\SE_WP2DGCO02 user manual.doc
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2. Boiler

The SAVELEC spreadsheet contains default values for two oil boilers (one condensing and one
non-condensing) and two gas boilers (also condensing and non-condensing). The gas boiler may

be on-off controlled, two-stage or modulating. The oil boiler is always on-off controlled.

The type of boiler and control are selected in the ‘boiler’ section of the main menu. For two-
stage and modulating boilers both the minimum and maximum boiler power must be specified.

For on-off boilers there is, of course, only one input field.

The boilers may be used for heating only or for heating and hot water production (instantaneous
or storage). In case of hot water storage the size of the hot water storage tank must be specified.

This value is used for the calculation of the hot water efficiency.

In addition to using default values, it is also possible to use specific boiler data. This option is
further described in section 2.1. With user-defined boiler data all information about the boiler is

given on a separate sheet. Therefore the remaining part of the ‘boiler’ section in the main menu

1S empty.
Boiler Boiler Boiler
default data - ol boier A default data - oi boller N default data - ol boiler
default data - gas boier default data - gas boier
user defined Lser defined user-defined (with purnp)

condensing
ner-condensing ror-condensing

ar-off
bwo-stage
Maxdimurn boiler power (W) Bailer power (KvV)
Minimum bailer power (Kyv)
heating orl heating orly
heating and instantaneous hot water
heating and stored hot water heating and stored hot water

Storage tank size (1) 100

2.1 User-defined boiler data

All the blue input fields in sheet boiler data are required.

e Oil boiler / gas boiler: this information is used for the calculation of hot water efficiency

e Non-condensing / condensing, single stage / 2-stage / modulating, no air damper /
damper, pilot flame / electric ignition and the three input fields under ‘non-condensing
boilers only’ (fan assisted / not fan assisted, open / closed air supply, forced draught / not
forced draught): this information is used in the Boilsim efficiency calculation.

e Boiler with pump / boiler without pump: any pump selected here replaces the pump from
the ‘pump’ section in the main menu (see section 5)

e Fixed speed / differential pressure controlled / boiler power controlled / outdoor tempera-

ture controlled: this information is used in the calculation of the pump power at different
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operating conditions. There are different input parameters for the four types of pumps
(see below).

e Heating only / combination boiler: this information is used for the calculation of hot wa-
ter efficiency.

e Heat input/ efficiency / flue gas losses / flue gas temperature: the input is used for the
calculation of Boilsim parameters. The nominal temperatures are used in the calculation.

e Standby loss, minimum boiler temperature, purge times and (for non-condensing boilers)
time constants : these parameters are used in the Boilsim efficiency calculation

e Pump power during testing: this parameter is used in the Boilsim calculation to correct
the measured efficiency data. The value does not have to be the same as the value used
for the calculation of annual electricity consumption (see below)

e pilot flame heat input and efficiency: this input is used in the Boilsim calculation (Boilers
with pilot flame only).

For explanation of the various Boilsim input parameters we refer to www.boilsim.com.

Boiler data

Pmin Proin 3050 °C -

RETURN




User Manual 4/16

ey [ O O

_ (value must be equal to standby electricity consumption for boilers without pumg)

(boilers with storage tank only)

up [ [ ]
“ differential pressure control:

B0

The pump povweer at different flowes iz interpolated betvween the power at the nominal flow through the
heating installation (i.e. the flowe corresponding to the defined radistor power and AT) and the power at
zero flow. This informstion can be obtained from the pump curves which are supplied by the pump
manufacturer. In case the powet st nominal flove is unknown, wse the masximum pump posser. ¥When no
walue for the povwer at zero flow is filed in, it is assumed that the powwer at zero flow is 50 % of the
poveer &t nominal flowe.

outdoor temperature control:

It is assumed that the pump povwer decreases linesrly between temperatures T1 and T2,
At temperatures belowe T1 and above T2 the pump povver is assumed to be constant.

boiler power

T T2 temperature

The electricity consumption at different operating conditions is calculated from the consumption
at the maximum power for heating, the minimum power for heating (2-stage and modulating
boilers), the maximum power for hot water consumption (combination boilers), during pump

after-run (boilers with pump), during standby operation and at start/stop of the boiler.

Additional information is required for differential pressure controlled pumps and for outdoor

temperature controlled pumps.

For differential pressure controlled pumps the pump power at different flows is interpolated be-
tween the power at the nominal flow through the heating installation (i.e. the flow corresponding
to the defined radiator power and AT, see section 4) and the power at zero flow. This information
can be obtained from the pump curves which are supplied by the pump manufacturer. In case the
power at nominal flow is unknown, use the maximum pump power. When no value for the
power at zero flow is filled in, it is assumed that the power at zero flow is 50 % of the power at

nominal flow.

For outdoor temperature controlled umps, it is assumed that the pump power decreases linearly
between temperatures T1 and T2. At temperatures below T1 and above T2 the pump power is

assumed to be constant.
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3. Boiler control

Boiler control

anfoff at Prax

Maxirmurn number of startfstops 5
Minimum bailer temperature 20
~

On/off at Pmin / Pmax
This option influences the operating time for modulating boilers only.

"On/off at Pmin" means that the boiler runs at minimum power for short periods of time when
the heat demand is lower than Pmin. The number of start/stops of the boiler is determined by the
parameter below. Similarly "on/off at Pmax" means that the boiler runs at maximum power when
the heat demand is below Pmin. It is assumed that the boiler runs continuously when the heat

demand is above Pmin.

Choose "on/off at Pmin" if the boiler starts at minimum power and gradually increases the power

until the required temperature is achieved. Otherwise choose "on/off at Pmax".

Maximum number of start/stops
This parameter has a large influence on the result of the calculation when the pump stops after

the boiler has stopped (see section 5).

Five start/stops per hour is a reasonable figure for correctly installed boilers that are controlled
by a heating curve. The number of starts/stops may be lower for boilers that are controlled by a

room thermostat.

For incorrectly installed boilers (e.g. too low flow) the number of start/stops may be as high as

20 per hour.
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Minimum boiler temperature

This parameter influences the calculated temperatures and flow in the heating installation. A
higher minimum boiler temperature results in a lower flow (provided that the constant flow op-
tion is not selected and there is no bypass, see section 4). This reduces the electricity consump-
tion, in particular for differential pressure controlled pumps. However, the higher temperature

decreases the boiler efficiency, resulting in increased total energy consumption.

Temperature set-back

When the night set-back and/or daytime set-back option is chosen, the calculation takes into ac-
count that the boiler is switched of during for example 8 hours per day. Depending on the se-
lected pump settings, the pump may also be switched off during these 8 hours, resulting in lower

electricity consumption.

However, as part of the heat is generated at a relatively high boiler temperature (during reheating
in the morning) the boiler efficiency will be lower. The SAVELEC spreadsheet generally calcu-
lates a higher total energy consumption when night set-back is applied. This is only true when

the annual heat demand is the same with and without night set-back.

The user must correct for changes in the annual heat demand due the night set-back.

4. Heating installation

Heating installation
Design flowdreturn temperature (°C) 80/60

Design radiatar power (KA 10
Constant flow? D
Flowy through bypass (Ifh) 0

Design flow/return temperature
Specify the design temperatures of the heating installation in the format flow temperature/return
temperature (e.g. 80/60 or 90/70). The two temperatures must be separated by ““/”’; other signs are

not allowed!

Design radiator power
Specify the radiator power at the design temperatures. Use a lower number if part of the radiators

is always closed.

Constant/variable flow
The nominal flow through the heating installation corresponds to the design radiator power and
the difference between design flow and return temperature. When the constant flow option is

chosen, the model assumes that the flow through the heating installation is always maintained at
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the design value (unless the flow through the bypass is larger; see next option). Otherwise the

flow will decrease when the heat demand decreases.

Flow through bypass
This value determines the minimum flow through the radiator system.

When the flow through the bypass is larger than the nominal flow through the radiator system
(860 * radiator power / AT) the flow will be constant during the whole heating season. Otherwise

the flow will be constant at low heat demand and increase at higher heat demand.

5. Pump
Pump Pump
none ! lelnl=
variable speed variable speed
user-defined user-defined
Maximum power (V) Maximum power (VV)

pLIMp rns continuoushy pLIMP rLns contnuoLishy
purmp stops after burner has stopped purmp stops after burner has stopped

Purnp after-run, heating {rmin)

Purnp after-run, hat wiater (min)

Purnp stops during surmmer

-
Pump stops at night

Pump: none / fixed speed / variable speed / user-defined
This option is available only in combination with a default oil or gas boilers from the ‘boiler’

section or in combination with a user-defined boiler without pump (see section 2.1).

For a fixed-speed pump it is assumed that the pump power varies from the specified maximum
pump power at the nominal flow through the heating installation to 75 % of the maximum power
at zero flow. For a variable speed pump it is assumed that the power decreases down to 50 % of

the maximum power at zero flow.

Pump runs continuously / stops when burner stops

The pump control strategy has a major effect on the annual electricity consumption. Please note
that it also influences the oil / gas consumption (electricity is replaced by oil / gas and vice versa)
and the control strategy may have an effect on comfort. The latter is not included in the
SAVELEC model!

For a continuously running pump, it must be specified whether the pump is switched off during
summer and / or during night. In case the pump stops after the burner has stopped, the pump af-

ter-run time for heating must be given.
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For hot water storage boilers (heating and stored hot water) the pump after-run time for hot water

production must always be specified, also for a continuously running pump.

5.1 User-defined pump

The options for the user-defined pump are differential pressure controlled, boiler power con-

trolled and outdoor temperature controlled.

For information about differential pressure or outdoor temperature controlled pumps see section
2.1.

In case of a boiler power controlled pump, the pump power at different boiler output is interpo-
lated between the power at the maximum heat input of the boiler (typically the maximum pump
power) and the power at the minimum heat input of the boiler (typically 50 % of the maximum
pump power). The electricity consumption during pump after-run (i.e. burner off) is assumed to
be equal to the power at the minimum heat input of the boiler.

This option is relevant for modulating boilers only.

User-defined pump lifferential pressure control:
pump u o 9‘3”’"‘3 ‘:""" - [The pump power at different flows is interpolated between the pawer at the nominal flow through the heating
pump used for heating and hot water production installation (.e. the flow corresponding to the defined radiator power and AT) and the power at zero flow. This
can be obtained from the pump curves which are supplied by the pump manufacturer. In case the
P — power at nominal flaw is unknown, use the maximum “pump power. When no value for the power at zero flow
boiler power contralled ig filled in, it is assurned that the power at zero flow is 50 % of the power at naminal flow,
outdoor temperature controlled J
hoiler power control:
Pawer at nominal flow (W) @ |
Fower at zer flaw (W) e | This aption is relevant for modulating boilers anly. The pump power at different bailer output is interpolated
between the power at the maximum heat input of the boiler (typically the maximum pump power) and the
power at the minimum heat input of the boiler (typically 50 % of the maximum pump pawer). The electricity
cansumption during pump after-run (i.e. burner off) is assumed o be equal to the power at the minimum heat
input of the boiler.
outdoor temperature control:
It is assumed that the pump power decreases linearly between temperatures T1 and T2
At temperatures below T1 and above T2 the pump power is assumed to be constant
T
z
[}
a
o
=
=)
a
v
'
'
I
H |
™ T2 temperature

This option allows for up to 2 additional pumps (e.g. a separate pump for hot water production

and an extra pump for a floor heating system) and up to 3 other electrical components.

Additional components
Additional purmp (1)

Additional pump (2)

Other (1)

Other (2)

Other (3)

Ooodo
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6.1 Pumps

Additional pump 1

Purmp stops during sumrmer O
Pump stops during night set-back O]

Maximum pump power (W) [ 80 ]

The parameters for the additional pumps 1 and 2 are specified in 2 separate sheets.

The parameters for the additional pumps are independent of the choices in the main menu. This
means that you must specify for each pump, whether the pump is running continuously, stops

during summer, etc.
The options are the same as for the main pump (see section 5/ 5.1).

6.2 Other components

The parameters for the 3 ‘other’ components are specified in a single sheet.

Click on the box(es) under ‘select’ if the component must be included in the calculation. When a

description is given (optional) this is also displayed in the main menu.

For each of the selected components the power consumption must be given, and it must be speci-

fied whether power consumption occurs:

1  at start/stop of the burner

2 during heating, when the burner is on

3 during heating, when the main pump is on

4 during hot water production

5 semi-continuously during the heating season (with an extra input field for the number of
hours per day)

6 semi-continuously during summer (with an extra input field for the number of hours per
day)

In some cases multiple selections are allowed, e.g. options 2 + 4. When multiple selections are

not allowed, this is clearly marked.
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7. Climate data

Climate data

user-defined -
Belgiurm (Brussels

Denmark. (standard year)

Finland (Helsinki)

France (Paris)

Germarty (Berln) hd

Carrection of monthly climate data

The SAVELEC spreadsheet contains climate data for Belgium, Denmark, Finland, France, Ger-
many, Greece, Italy, Netherlands, Sweden and United Kingdom. Most of these data are monthly

values, which may include a low number of degree days during all or some summer months.

In order to prevent that months with a low number of degree days are considered to be part of the
heating season in stead summer, the calculation tool has an option to correct monthly climate
data. This option is described in document SE. WP1DGCO06 (Annex B of the WP1 report).

In addition to the default climate data it is also possible to define climate data with the heating
season divided in up to 20 steps. Monthly climate data must be in the order January, February,

March, etc. Otherwise the ‘correction of monthly climate data’ options does not work properly.
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Climate data {maximum 20 climate steps)

‘reference temperature 17
design temperature -12
annual heat demand (kKvvh) 20000 |(data from sheet SAVELEC)
number of temperature degres heat
hours ("C) hours demand (KVY)
heating 744 2.5 10800 451
season 672 31 9312 4.30
744 6.1 §112 3.39
720 8.9 5856 253
744 12.1 2648 1.52
720 150 1440 0.62
744 170 0 0.00
744 17.0 0 0.00
720 144 1872 0.81
T44 106 4752 1.98
720 586 §232 EI5S)
744 3.1 10268 433
0 0.0 0 0.00
0 0.0 0 0.00
0 0.0 0 0.00
0 0.0 0 0.00
0 0.0 0 0.00
0 0.0 0 0.00
0 0.0 0 0.00
0 0.0 0 0.00
summer 0 17 0 0.00
8. Calculation
Calculation
Heat demand (KAhyr)

Hot water demand (K¥vhiyr) 2,000

Electricity consurmption (KWhiyr)
Qil f gas consumption (KWhiyr, NCY)
Total energy consumption (KWWhiyr)

Electricity price (&KWh)
Gas/foil price (EkWh, NCY)
Energy costs (Efyr) { electricity
costs (% of total costs)

The annual electricity consumption, oil / gas consumption and total energy consumption are cal-

culated for the specified annual heat and hot water demands.

The total energy costs are calculated for the specified electricity and oil/gas prices. The currency

(€/kWh and €/yr in the above example) depends on your computer settings.
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9. Detailed results

Reset to default values | Detailed results |
“ = help / information available
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Detailed results of the calculations are available in a separate sheet. This sheet contains informa-
tion about the operating time and electricity consumption of all components during all climate
steps.
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10. Default values

The following default values are implemented in the spreadsheet:

Oil boiler — non-condensing

Heat input, Pmax (kW)

user-defined

Heat input, Pmin (kW)

-- (on/off boiler)

Efficiency, Pmax 60/80 °C (%)

93

Efficiency, Pmax 40/60 °C (%)

94

Efficiency, Pmax 30/50 °C (%)

-- (non-condensing boiler)

Efficiency, 30% 30/36 °C (%)

-- (non-condensing boiler)

Flue gas loss, Pmax 60/80 °C (%)

6

Flue gas loss, Pmax "40/60 °C (%) 5.5

Flue gas loss, Pmin 60/80 °C (%) -- (on/off boiler)
Flue gas temperature, Pmax 60/80 °C (°C) 150

Standby loss (W) 170

Standby loss, blocked (W) 150

Minimum boiler temperature (°C) user-defined
Pre-purge time (s) 15

Post-purge time (s) 0

Time constant, heating (s) 200

Time constant, cooling (s) 200

Electricity consumption, Pmax heating (W)

280 (boiler without pump)

Electricity consumption, Pmin heating (W)

-- (on/off boiler)

Electricity consumption, Pmax hot water (W) 280
Electricity consumption, pump after-run heating (W) 5
Electricity consumption, pump after-run hot water (W) 5
Standby electricity consumption (W) 5
Electricity consumption per start/stop operation (Wh) 1

Oil boiler — condensing

Heat input, Pmax (kW)

user-defined

Heat input, Pmin (kW)

-- (on/off boiler)

Efficiency, Pmax 60/80 °C (%) 97

Efficiency, Pmax 40/60 °C (%) 102
Efficiency, Pmax 30/50 °C (%) 104
Efficiency, 30% 30/36 °C (%) 104
Flue gas loss, Pmax 60/80 °C (%) 2.5

Flue gas loss, Pmax 40/60 °C (%)

1

Flue gas loss, Pmin 60/80 °C (%)

-- (on/off boiler)

Flue gas temperature, Pmax 60/80 °C (°C) 75

Standby loss (W) 180
Standby loss, blocked (W) 170
Minimum boiler temperature (°C) user-defined
Pre-purge time (s) 15
Post-purge time (s) 0

Time constant, heating (s)

-- (condensing boiler)

Time constant, cooling (s)

-- (condensing boiler)

Electricity consumption, Pmax heating (W)

240 (boiler without pump)

Electricity consumption, Pmin heating (W)

155

Electricity consumption, Pmax hot water (W)

-- (on/off boiler)

Electricity consumption, pump after-run heating (W) 20
Electricity consumption, pump after-run hot water (W) 20
Standby electricity consumption (W) 20
Electricity consumption per start/stop operation (Wh) 0.5
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Gas boiler — non-condensing

Heat input, Pmax (kW)

user-defined

Heat input, Pmin (kW)

user-defined

Efficiency, Pmax 60/80 °C (%)

89

Efficiency, Pmax 40/60 °C (%)

90

Efficiency, Pmax 30/50 °C (%)

-- (non-condensing boiler)

Efficiency, 30% 30/36 °C (%)

-- (non-condensing boiler)

Flue gas loss, Pmax 60/80 °C (%)

9

Flue gas loss, Pmax "40/60 °C (%) 8

Flue gas loss, Pmin 60/80 °C (%) 8 + Pmin/Pmax
Flue gas temperature, Pmax 60/80 °C (°C) 140

Standby loss (W) 10*Pmax
Standby loss, blocked (W) 10*Pmax - 10
Minimum boiler temperature (°C) user-defined
Pre-purge time (s) 10

Post-purge time (s) 10

Time constant, heating (s) 10

Time constant, cooling (s) 10

Electricity consumption, Pmax heating (W)

standby electricity + Pmax + 10

Electricity consumption, Pmin heating (W)

standby electricity + Pmin + 10

Electricity consumption, Pmax hot water (W)

standby electricity + Pmax + 10

Electricity consumption, pump after-run heating (W)

7 (boiler without pump)

Electricity consumption, pump after-run hot water (W) 7
Standby electricity consumption (W) 7
Electricity consumption per start/stop operation (Wh) 0

Gas boiler — condensing

Heat input, Pmax (kW)

user-defined

Heat input, Pmin (kW)

user-defined

Efficiency, Pmax 60/80 °C (%) 97
Efficiency, Pmax 40/60 °C (%) 101
Efficiency, Pmax 30/50 °C (%) 105
Efficiency, 30% 30/36 °C (%) 107

Flue gas loss, Pmax 60/80 °C (%) 2

Flue gas loss, Pmax "40/60 °C (%) 1.5

Flue gas loss, Pmin 60/80 °C (%) 2

Flue gas temperature, Pmax 60/80 °C (°C) 60

Standby loss (W) 10*Pmax
Standby loss, blocked (W) 10*Pmax - 10
Minimum boiler temperature (°C) user-defined
Pre-purge time (s) 10
Post-purge time (s) 10

Time constant, heating (s)

-- (condensing boiler)

Time constant, cooling (s)

-- (condensing boiler)

Electricity consumption, Pmax heating (W)

standby electricity + Pmax + 10

Electricity consumption, Pmin heating (W)

standby electricity + Pmin + 10

Electricity consumption, Pmax hot water (W)

standby electricity + Pmax + 10

Electricity consumption, pump after-run heating (W)

7 (boiler without pump)

Electricity consumption, pump after-run hot water (W) 7
Standby electricity consumption (W) 7
Electricity consumption per start/stop operation (Wh) 0
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Climate data (source: BOILSIM database)
Belgium (Brussels)

Denmark (standard year)

Finland (Helsinki)

France (Paris)

Germany (Berlin)

Greece (Athens)

Italy (Rome)

Netherlands (De Bilt)

Sweden (Stockholm)

United Kingdom (Thames Valley)

degree hours Belgium France Germany Greece Italy Netherlands Sweden United Kingdom
January 10193 10800 15384 6840 6994 11208 17633 8136
February 8803 9312 13584 5784 5578 10152 15994 7344
March 8258 8112 12312 4968 4166 9672 15252 6552
April 5616 5856 7896 2112 1656 7608 11376 4872
May 2753 3648 4128 312 0 4392 7142 2760
June 576 1464 1176 0 0 0 3528 1272
July 0 0 600 0 0 0 2455 528
August 0 0 696 0 0 0 3199 576
September 1296 1824 3048 0 0 2760 6264 1344
October 4315 4752 7200 888 0 5976 9672 3144
November 7704 8232 10968 2568 3168 8568 13104 5856
December 10044 10368 14136 5328 6026 10392 16294 7200
Denmark Finland
number of hours / degree hours number of hours / degree hours
24 648 26 1185
72 1800 96 3736
24 576 207 7071
144 3240 439 12950
144 3053 350 8944
456 8573 725 15867
600 10140 911 16632
1104 16450 1390 21861
912 11765 1033 12719
696 7656 649 5473
624 5554 812 4430
288 2102 679 2115

192 691 603 648
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Reset to default values

Condensing boiler

Modulating

Pmax = 25

Pmin=35

Heating and instantaneous hot water
Default value — gas boiler

On/off at Pmin

Maximum number of start/stops = 5
Minimum boiler temperature = 20
Night set-back

8 hours with temperature set-back
Fixed speed pump

Pump stops after burner has stopped
Pump stops during summer

Pump stops at night

No additional components
Correction of monthly climate data
Design flow/return temperature = 80/60
Design radiator power = 10
Variable flow

Flow through bypass = 0

Maximum pump power = 90

Pump after-run, heating = 3

Pump after-run, hot water = 3
Annual heat demand = 20000
Annual hot water demand = 2000
Electricity price = 0.14

Gas / oil price = 0.047



