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Decentralized Low Temperature Feed-in Heat Grids with PVT




DeZ/ONNET Consortium

DeZONNET is a TKI* Urban Energy project funded by the Netherlands Enterprise Agency (RVO)
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DeZONNET Concept

3 possible situations occur:
» Direct use of solar heat by the heat pump in the house
» Supply heat to the network (or: take cold from the network)
» Direct use of heat from the network

I

warmtepomp

el - -

(this
depends on the season, but in any case it has higher
temperature than standard ATES net.

Return pipe approx. 10-12°C)

Collective LT-ATES grid

connected to the LT grid

ATES
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Selected building case study

A dwelling located in Pieter Wantelaan 4, 2015EB
Haarlem municipality is selected. The building was
designed by Brahen & Buma and built in 1958.




Renovation scenarios

Status quo

Ground floor
U=2.53W/mk
Roof

U=1.48 W/m?k
Wall

U=1.38 W/m?k
Windows

U =4.80 W/m?k

C Renovation (C label)

Ground floor
U=1.41 W/m?k
Roof

U =0.44 W/m?k
Wall

U=0.56 W/m?k
Windows

U =2.00 W/m?k

B Retrofitting (B label)

Ground floor
U=0.36 W/m?k
Roof

U=0.36 W/m?k
Wall

U=0.36 W/m?k
Windows
U=1.72 W/m?k

A Deep Retrofitting

Ground floor
U=0.12 W/m?k
Roof

U=0.10 W/m?k
Wall

U=0.10 W/m?k
Windows
U=0.90 W/m?k

12



Annual energy demand of the study building for
different renovation scenarios

Scenarios Electricity = Space Domestic Hot SH Equivalent gas DWH Equivalent
GITRERT Heating (SH) Water (DHW) volume [Nm3/y] gas volume

[kWh/y] [kWh/y] [kWh/y] [Nm3/y]

Status quo 14,055 3011 1,701 423
C Renovation 10,951 3011 1,325 423
B Retrofitting 6,513 3011 788 423
A Deep Retrofitting 3,044 3011 368 423
* With the efficiency ratio of 85%
**With the efficiency ratio of 73%




Load duration curve (kW) of the study building

(Space heating- Status quo)
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Effect of the renovation scenarios on load duration
curve and heating power demand

12

Radiator 90-70

10

Type LT radiator
35-30 met booster
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Modelling the Stand-alone Situation
(TRIPLE-SOLAR System Replication and Validation)
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Concept — Building Levels

Electricity & Heat
production PVT

DHW & SH
consumption

Electricity HP

E_household < I

E_net

Energy flows at
evaporator side of HP



Measured output of the applied PVT for fixed
Input temperature (Consolar Solink PVT )

Yields per month per m? for different entry temperatures - TNO calculations 0 5 10 15
......... 20 2 ceeeeneen 30
250 >
200 T-intrede (°C) kWh/yr.
0 1689
150 5 1250
. 10 913
= 15 667
100
................................................... 20 500
................................ ."-. 25 372
B e 30 271
0 T F T H R I B S T e
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Dec Total (kWh)

10 8 20 55 78 114 145 150 155 100 64 18 7 913




Measured output of the applied PVT for fixed
Input temperature (Consolar Solink PVT )

Thermal output of Triple Solar PVT (kWh/m?/month) for 10 °C input

10 913

\
; /
=< 100

jan feb mar apr may jun jul aug sep oct nov dec

=o—TNO Calculation Polysun Simulation (90 I/h)

Collector field yield for 10 °C input temperature and 90 I/h flow: 919 kWh/m?¥Year



OMGEVINGSCOLLECTOR/ WARMTEPOMPSYSTEEM VAN
TRIPLE-SOLAR (Gelijkwaardigheidsverklaringen)

Important assumptions:

NIBE F1255 6 kW,

Maximum temperature of 30°C on the evaporator side
Tap water tank with a capacity of 180 liters

With the PVT surface of 12 and 16 m?

Gross heat demand of 5-10-20-30-40-50 GJ/year

For an indoor temperature of 20°C

generation efficiency for space heating and hot tap water

O

j

Bruto warmtebehoefte QH;dis;nren [GJ]

2,5 5 10

20

40

60

T|H;opw [-] @ QH;dis / Ag;tot <150 MJ/m2 4,16 4,91 5,39 5,63 5,45 5,54
TH;opw [-] @ QH;dis / Ag;tot > 150 MJ/m2 3,84 4,76 5,39 5,76 5,92 573
Tapwatervraag QW,;dis;nren [GJ]

6,5 9 11,5 14
| NW;opw [-] @ QH;dis / Ag;tot <150 MJ/m2, en > 150 MJ/m2 3,46 3,61 3,68 3,77

—

i

j Tap



imulated setup for the stand-alone scenarios

PVT collector: Consolar Solink
Mumber of modules: 6
Total nominal power DC: 2.04 kKW

Orientation (E=+30°, 5=0° W=-90"). 0 n

Tilt angle (hor=0" vert=90%: 30 *

T

Temperature: 55 °C

.:%:. . Annual demand: 55 m®
XH Profile: Residential building (VDIGO02)

8. =

BAW or WAW heat pump: NIBE GlW

x
Mumber of electricity consumption profiles: 0 Electric Grid: Three-phase (230V/400%, 50 Hz, WYE)

Local grid valtage: 400V
Feed-in power limitation: no



Control system implemented for the stand-alone model

v

New time step (t) 1

A

Primary heat pump

Current step

Is the temperature
of the hot water

Ye

S2: Heat pump ON,
Buffer feeding

No

] N ithi Yl
supply terlnpe-:ature too o—p . w:cthln , es—P buffer below the
OoW? timeframes: desired level?
Yes No
S1: Heat pump OFF NO Isthe heat pump
still feeding the
buffer?
No
i
Is the indoor

S3: Heat pump ON,

supplying floor
heating

No

Has the desired
temperature in the

{ S5: Heat pump OFF K Yes:

house already been
reached?

Ye s———

—Yes——

| temperature of the
house below the
desired level?

No

|

Is the heat pump
 still feeding the floor |
heating?

Yes

Hasthedesired
temperature in the
buffer already been

reached?

Yes

S4: Heat pump OFF

N S4 or S5: Heat pump
OFF




Simulated setup for the stand-alone scenarios

SH: 6513 kWh (23 G))
DHW: 3011 kWh (10 GJ)

6 Consolar Solink PVT Panels

NIBE 6kW Heat Pump

180l portable DHW Buffer

Flow rate: 55 I/h/m?2

Seasonal performance factor: 4.8

Collector field yield: 692 kWh/m?¥year

Total electricity consumption of the
system: +280 kWh

kWh

1.300

1.100

900

700

500

300

100

-100

-300

B Solar thermal energy to the system kWh M Total electricity consumption of the system kWh

jan feb mar ap. mI jI jI aI s! oct nov dec




Simulated setup for the stand-alone scenarios

B Solar thermal energy to the system kWh Not used

kWh

1.400
1.200
1.000
800
600
400
200

0

jan
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Modelling the Grid-connected
Situation (Feed-in grid scenario)
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1

|

1

|

1

|

1

|

. :

1 1

T |

| 1

|

Q_PVT | 1 .

E_PVT [ 1) l

I ! |

i II 1

1! 1

1! 1

I ! |

1 II 1

1! 1

Q_SH einiateir [iofed & l

Q_DHW 4_"' |: T ) :

11 1

-- ¥ -::-*_l:-m : :

_____ - 1

E_HP i

|

E_household — I :
E_net

l Q_net,loss

E_help

<
Q_ATES, loss

®

——)
Q_ATES, loss

4

Q_ATES, loss



Control system implemented for the grid-connected model

New time step (t)

No:

Isthere any
demand
requested from
HP?

——Yes—»

Is TPane\ >20

IsTou> 8

Current step

Use PVT as a
source

No———— b

No

v

|Is the feeding is
ongoing?

Yes

v

Is the feed
temperature > 17

Yes:

v

Feed the heat

to the grid
A

No

Stop feedeing

Yes:

Yes

Use Heat grid | |
asa source

S5: Heat pump

Isthe
temperature of

> within ————Yes—» the hot water
timeframe? buffer below the
desired level?
No
Isthe heat
pump still
feeding the
buffer?
No
No
A 4
Isthe indoor
3: Heat pump' temperature of
ON, supplying Yes: the house
floor heating below the

No

N——

Has the desired
temperature in

desired level?

No

l

the house
already been
reached?

A

Yes:

Is the heat

pump still

feeding the
floor heating?

S2: Heat pump ON,
Buffer feeding

Yes—————»

Has the desired
temperature in
the buffer
already been
reached?

Yes

No S4 or S5: Heat
pump OFF




Simulated setup for the grid-connected
scenarios

FVT collector: Consolar Solink
Murmber of modules:

Total nominal power DC: 2.04 KW Inlettemperature: 10 *C
Crientation (E=+90°, 5=0° W=-80"): 0" Outlet temperature: 20 °C
Tiltangle (hor=0%, vert=90"): 30 ° —— Fower: 5,000W

—
e
& Temperature: 55 °C
= ; Annual demand: 55 m*
l Frofile: Residential building (VDIG002)
| E—

B/ or WiW heat pump: MIBE GkW

. II ’ - -
-:@_— | ‘I l:.:@:.:—.:
1
Electric Grid: Three-phase (230V/400%, 50 Hz, WYE)

Inlet temperature; 20 °C Mumber of electricity consumption profiles: 0 Local grid voltage: 400 V

Outletternperature: 10 *C Fead-in power limitation: no
Power: -5,000 W



3 possible situations on the building level:

Direct use of solar thermal by
the heat pump

If there will be a demand in the building
If outdoor T,> 8,6 & 4°C

Q_Sun

N

Q_PVT
E_PVT

E_HP

E_household ¢ I

E_net

Direct use of heat from the grid

* [fthere will be a demand in the building
e IfoutdoorT<8, 6&4°C

Q_Sun

'

Q_PVT
E_PVT

E_household I

E_net

Supply heat to the grid

* only valid for summer months
* [fthere is no demand in the building
* If PVT mean temperature (T, 1,2 20°C

Q_Sun

'

Q_PVT
E_PVT

E_HP

E_household I

E_net



Grid-connected models for the B Retrofitting

SCend

rio (6 PVT and T_> 8°C))

SH: 6513 kWh (23 GJ)
DHW: 3011 kWh (10 GJ)

6 Consolar Solink PVT Panels

NIBE 6kW Heat Pump

180l portable DHW Buffer

Flow rate: 55 I/h/m?2

Seasonal performance factor: 7.1

Collector field yield:572 kWh/m?year

Total district heating consumption: 4774 kWh

Energy to the grid: 3378 kWh

Total electricity consumption of the system:
93 kWh

Unbalanced capacity: -1395 kWh

kWh

1600

1400

1200

1000

800

600

400

200

Solar thermal energy to the HP kWh Total district heating consumption kWh M Energy to the grid kWh

jan feb mar apr may jun jul aug sep oct nov dec




Grid-connected models for the B Retrofitting

SCend

SH: 6513 kWh (23 GJ)
DHW: 3011 kWh (10 GJ)

6 Consolar Solink PVT Panels

NIBE 6kW Heat Pump

180l portable DHW Buffer

Flow rate: 55 |/h/m?

Seasonal performance factor: 6.9

Collector field yield:655 kWh/m?/year

Total district heating consumption: 3625 kWh

Energy to the grid: 3378 kWh

Total electricity consumption of the system: -
63 kWh

Unbalanced capacity: -247.2 kWh

rio (6 PVT and T.> 6°C))
Solar thermal energy to the HP kWh Total district heating consumption kWh B Energy to the grid kWh
1600
1400
1200
1000
<
= 800
"4
600 I Bl
400 I
200
0
jan feb mar apr may jun jul aug sep oct nov dec




Grid-connected models for the B Retrofitting

scenario (6 PVT and T.> 4°C))

DHW: 3011 kWh (10 GJ) Solar thermal energy to the HP kWh = Total district heating consumption kWh M Energy to the grid kWh
1600

6 Consolar Solink PVT Panels

NIBE 6kW Heat Pump 1400

180l portable DHW Buffer 1200

Flow rate: 55 I/h/m?2

1000
Seasonal performance factor: 6.7
_é 800
Collector field yield:738 kWh/m?/ Year ]
. . . . 600 Bl
Total district heating consumption: 2460 kWh
Energy to the grid: 3378 kWh 400

Total electricity consumption of the system: - 200
24 kWh
Unbalanced capacity: 917.4 kWh 0

jan feb mar apr may jun jul aug sep oct nov dec




Grid-connected models for the B Retrofitting
scenario (4 PVT and T,> 8°C))

SH: 6513 kWh (23 GJ)

Solar thermal energy to the HP kWh Total district heating consumption kWh B Energy to the grid kWh
DHW: 3011 kWh (10 GJ) gy g P gy g

4 Consolar Solink PVT Panels 1600
NIBE 6kW Heat Pump 1400
180l portable DHW Buffer 1200
Flow rate: 55 I/h/m? 1000

Seasonal performance factor: 6.4

= 800
Collector field yield:738 kWh/m?/ Year = —
600 ==
Total district heating consumption: 4778 kWh
Energy to the grid: 2470 kWh 400 I

Total electricity consumption of the system: 200
631 kWh

Unbalanced capacity: -2307 kWh jan feb mar apr may jun jul aug sep oct nov dec




Grid-connected models for the B Retrofitting
scenario (4 PVT and T.> 6°C))

SH: 6513 kWh (23 GJ)

DHW: 3011 kWh (10 GJ) Solar thermal energy to the HP kWh Total district heating consumption kWh B Energy to the grid kWh
1600

6 Consolar Solink PVT Panels

NIBE 6kW Heat Pump 1400

180l potable DHW Buffer 1200

Flow rate: 55 I/h/m?2 1000

Seasonal performance factor: 6.3

S 800
Collector field yield:866 kWh/m? Year L
600 =
Total district heating consumption: 3634 kWh
Energy to the grid: 2470 kWh 400 I

Total electricity consumption of the system: 200
678 kWh

Unbalanced capacity: -1165 kWh jan feb mar apr may jun jul aug sep oct nov dec




Grid-connected models for the B Retrofitting

SCend

SH: 6513 kWh (23 GJ)
DHW: 3011 kWh (10 GJ)

6 Consolar Solink PVT Panels

NIBE 6kW Heat Pump

180l potable DHW Buffer

Flow rate: 55 |/h/m?

Seasonal performance factor: 6

Collector field yield: 992 kWh/m?¥Year

Total district heating consumption: 2460 kWh

Energy to the grid: 2470 kWh

Total electricity consumption of the system:
731 kWh

Unbalanced capacity: 10 kWh

rio (4 PVT and T.>4°C))
Solar thermal energy to the HP kWh Total district heating consumption kWh B Energy to the grid kWh
1600
1400
1200
1000
<
=< 800
4
[ |
600 I —
400 I
200
0
jan feb mar apr may jun jul aug sep oct nov dec




Comparing the scenarios for the B Retrofitting
scenario

kWh

9500
H
—
7500 ———
—— —

5500 \

3500

. I I I

N o o O -
- [

-500 B IabeI_GPla °C B label_6PVT_6 °C B label_6PVT_4°C B Iabel_4PI8 °C B Iabel_4Pl6 °C B label_4PVT_4°C B label_stand-alone

-2500
Solar thermal energy to the HP Total district heating consumption I Energy to the grid

m Unbalanced capacity I Total electricity consumption of the system —8—Seasonal performance factor (SPF-SHP)




PVT Potential Map (kWh)
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Conclusions

Decentralized solar feed-in not only led to a higher temperature in the grid,
which makes the HPs efficient, but also the PVT ensures the regeneration of
the ATES over the year

Decreasing the outside temperature threshold increase the self-sufficiency of
the system on the building level, however decrease the COP of HPs

Number of PVTs is one of the important constraints of the systems that has to
be optimized to balance the shortage and surplus of the ATES system

The model helps to identify the influential factors on the performance of the
feed-in grid system
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