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Idee
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Höhere Quellentemperatur  weniger Strombedarf

soleheapWP-Tagung 22. Juni 2022

Tiefere Vorlauftemperatur  mehr solare Erträge
‘Kleine’ Speicher  sonnenarme Perioden

WP



System

3 / 12soleheapWP-Tagung 22. Juni 2022



Ergebnisse

JAZ 5.4
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Ergebnisse
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Optimierungen



Ergebnisse
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Ergebnisse
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Ergebnisse
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Fazit

Senkung Vorlauftemperaturen  Mehr Solarertrag im Winter
Solar-WP  Alternative zu Luft/Wasser- oder Erdsonden-WP
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Wärmepumpen in der Schweiz
Schweiz. El. Statistik 2020

Jahr Anzahl WP Strombedarf
GWh

Wärme
GWh

Strom
MWh/WP

JAZ

2020 350'380        2'220               7'402     6.34            3.33   
2050 1'500'000     9'504               31'688   6.34            3.33   
2050 1'500'000     6'338               31'688   4.23            5.00   

Einsparung 3'166               

Solare Vorwärmung  Höhere JAZ  Weniger Strombedarf


heizkurve

		Ta		Tv-1		Tv-2		Tv-3		Minimum

		-20		40.8		39.8		37.8		24

		-8		36		35		33		24

		0		32.8		31.8		29.8		24

		12		28		27		25		24

		20		24.8		23.8		21.8		24



Heizkurve



Tv-1	

-20	-8	0	12	20	40.799999999999997	36	32.799999999999997	28	24.799999999999997	Tv-2	

-20	-8	0	12	20	39.799999999999997	35	31.8	27	23.799999999999997	Tv-3	

-20	-8	0	12	20	37.799999999999997	33	29.8	25	21.799999999999997	Minimum	-20	-8	0	12	20	24	24	24	24	24	Aussentemperatur





Vorlauftemperatur









cop<>energie

		COP		WPel		WPel_red (10%)		WPel_red (20%)		WPel_red (30%)		Kosten		Prozent		Quellentemp.

		1		15,000		13,500		12,000		10,500		3,000		100%

		2		7,500		6,750		6,000		5,250		1,500		50%

		3		5,000		4,500		4,000		3,500		1,000		33%

		4		3,750		3,375		3,000		2,625		750		25%

		5		3,000		2,700		2,400		2,100		600		20%

		6		2,500		2,250		2,000		1,750		500		17%

		7		2,143		1,929		1,714		1,500		429		14%

		8		1,875		1,688		1,500		1,313		375		13%

		9		1,667		1,500		1,333		1,167		333		11%

		10		1,500		1,350		1,200		1,050		300		10%



		COP 5-4		-750		-675		-600		-525

		COP 6-4		-1,250		-1,125		-1,000		-875

		Red 10%-30%		- 0		-375		-750		-1,125

		CHF/kWh		0.20

		Reduktion				10%		20%		30%

		kWh/a		15,000		13,500		12,000		10,500

				357



Primärenergiebedarf in Abhängigkeit der JAZ



WPel	1	2	3	4	5	6	7	8	9	10	15000	7500	5000	3750	3000	2500	2142.8571428571427	1875	1666.6666666666667	1500	WPel_red (10%)	1	2	3	4	5	6	7	8	9	10	13500	6750	4500	3375	2700	2250	1928.5714285714287	1687.5	1500	1350	WPel_red (20%)	1	2	3	4	5	6	7	8	9	10	12000	6000	4000	3000	2400	2000	1714.2857142857142	1500	1333.3333333333333	1200	WPel_red (30%)	1	2	3	4	5	6	7	8	9	10	10500	5250	3500	2625	2100	1750	1500	1312.5	1166.6666666666667	1050	Arbeitszahl





kWh/a











cop-cta

		Quellentemp		COP 35

Herbert: Herbert:
aus Grafik CTA herausgelesen		COP 35°		COP 45		COP 45°		COP 55		COP 55°		WPel 35°		WPel 45°		WPel 55°		Diff10K		Diff20K

		-5		3.8		3.79		3.1		3.00		2.35		2.34		3,962		5,006		6,413		1,043		2,451

		-4				3.91				3.08				2.40		3,841		4,876		6,259		1,036		2,418

		-3				4.03				3.16				2.46		3,723		4,750		6,108		1,028		2,385

		-2		4.2		4.16		3.15		3.24		2.53		2.52		3,608		4,627		5,961		1,019		2,352

		-1				4.29				3.33				2.58		3,497		4,508		5,817		1,010		2,319

		0		4.5		4.42		3.4		3.42		2.7		2.64		3,390		4,391		5,677		1,001		2,287

		1				4.57				3.51				2.71		3,286		4,278		5,540		992		2,254

		2				4.71				3.60				2.77		3,185		4,167		5,406		982		2,221

		3				4.86				3.70				2.84		3,087		4,059		5,276		972		2,189

		4				5.01				3.79				2.91		2,992		3,954		5,149		962		2,157

		5		5.1		5.17		3.9		3.89		3		2.99		2,900		3,852		5,025		952		2,124

		6				5.34				4.00				3.06		2,811		3,752		4,904		941		2,092

		7				5.50				4.10				3.13		2,725		3,655		4,785		930		2,060

		8				5.68				4.21				3.21		2,641		3,561		4,670		920		2,029

		9				5.86				4.32				3.29		2,560		3,469		4,557		909		1,997

		10		6		6.04		4.4		4.44		3.4		3.37		2,481		3,379		4,448		898		1,966

		11				6.24				4.56				3.46		2,405		3,292		4,340		886		1,935

		12		6.1		6.43		4.65		4.68		3.5		3.54		2,331		3,206		4,236		875		1,904

		13				6.64				4.80				3.63		2,260		3,124		4,134		864		1,874

		14				6.85				4.93				3.72		2,190		3,043		4,034		853		1,844

		15		7.1		7.07		5.05		5.06		3.83		3.81		2,123		2,964		3,937		841		1,814

		16				7.29				5.19				3.90		2,058		2,887		3,842		830		1,784

		17		7.6		7.52		5.35		5.33		4		4.00		1,995		2,813		3,749		818		1,755

		18				7.76				5.47				4.10		1,933		2,740		3,659		807		1,726

		19				8.00				5.62				4.20		1,874		2,669		3,571		795		1,697

		20		8.5		8.26		5.85		5.77		4.3		4.30		1,816		2,600		3,485		784		1,668

		QH,WW		15,000

																Senke		Wpel		S-Q

		TWPVein		COPeff										10° Quelle		35		2,481		25

		20.1		8.3												45		3,379		35

		2.7		5.2												55		4,448		45

		12.9		6.9										Schätzung		25		1,500		15

		13.2		6.7

		7.8		6.2

		4.2		5.6

		3.6		5.7

		2.5		5.5

		7.9		6.2

		11.1		6.8

		2.2		4.9

		1.6		4.6

		3.3		5.4

		12.2		6.8

		3.1		5.5

		6.6		6.0

		9.1		6.4

		-3.7		4.4

		-2.4		4.7

		-2.1		5.5

		-2.1		5.3

		-2.1		4.9

		-2.2		5.4

		- 0		5.7

		4.8		6.0

		-2.0		5.2

		-2.3		5.4

		-1.0		5.3



COP 35	



-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	3.8	4.2	4.5	5.0999999999999996	6	6.1	7.1	7.6	8.5	COP 45	

-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	3.1	3.15	3.4	3.9	4.4000000000000004	4.6500000000000004	5.05	5.35	5.85	COP 55	

-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	2.35	2.5299999999999998	2.7	3	3.4	3.5	3.83	4	4.3	





COP WP-Hersteller und gemessen



COP 35°	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	3.7856783055536827	3.905653347117882	4.0294306162979918	4.1571306126133694	4.2888776544326417	4.4248000000000003	4.5650299722970322	4.7097040878616534	4.858963189689546	5.012952584347488	5.1718221834320532	5.3357266495113906	5.5048255466921709	5.6792834959582708	5.8592703354324209	6.0449612857168429	6.2365371204738267	6.4341843424123235	6.6380953648518632	6.8484686990405796	7.0655091474096707	7.289428002952449	7.5204432549220819	7.7587798010482629	8.0046696664794172	8.2583522296635827	COP 45°	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	2.9965759173198045	3.0761237323827864	3.1577832426124819	3.2416105055696618	3.3276630669324025	3.4159999999999999	3.5066819462455636	3.5997711569451329	3.6953315359118863	3.7934286833647843	3.8941299409617591	3.9975044380283671	4.1036231390136404	4.2125588922057027	4.3243864797406184	4.4391826689387681	4.5570262650040325	4.6779981651219238	4.8021814139938312	4.9296612608454797	5.0605252179487668	5.1948631206971125	5.3327671892756019	5.4743320919682237	5.6196550101456904	5.7688357049784322	COP 55°	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	2.3389160489313419	2.3966875465885544	2.4558860069377721	2.5165466761229753	2.578705670871988	2.6423999999999999	2.7076675864442277	2.7745472898428365	2.8430789296715586	2.9133033089517966	2.9852622385443142	3.0589985620429818	3.1345561812834113	3.211980082481642	3.2913163630184674	3.3726122588853347	3.4559161728081556	3.5412777030657856	3.628747673020321	3.7183781613767946	3.8102225331902932	3.9043354716389547	4.0007730105817565	4.0995925679204941	4.2008529797857932	4.3046145355675298	COPeff	20.100000000000001	2.7	12.9	13.2	7.8	4.2	3.6	2.5	7.9	11.1	2.2000000000000002	1.6	3.3	12.2	3.1	6.6	9.1	-3.7	-2.4	-2.1	-2.1	-2.1	-2.2000000000000002	0	4.8	-2	-2.2999999999999998	-1	8.3000000000000007	5.2	6.9	6.7	6.2	5.6	5.7	5.5	6.2	6.8	4.9000000000000004	4.5999999999999996	5.4	6.8	5.5	6	6.4	4.4000000000000004	4.7	5.5	5.3	4.9000000000000004	5.4	5.7	6	5.2	5.4	5.3	Quellentemperatur





COP









Stromverbrauch bei einem Wärmebedarf von 15'000 kWh



WPel 35°	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	3962.301809425971	3840.5866232519134	3722.6103210038978	3608.2580505139072	3497.4184876775857	3389.9837280781048	3285.8491819391711	3184.9134723048915	3087.0783363473879	2992.2485297060671	2900.3317337654303	2811.2384657811504	2724.8819917669225	2641.1782420572818	2560.0457294641933	2481.4054699477238	2405.1809057235855	2331.2978307326762	2259.6843184000782	2190.2706516131689	2122.9892548506914	2057.7746283967035	1994.5632845753601	1933.2936859444574	1873.9061853875653	1816.3429680464294	WPel 45°	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	5005.713325433213	4876.2667906017223	4750.1677118250436	4627.3295246999414	4507.6679033576893	4391.1007025761128	4277.5479013885997	4166.9315481513613	4059.1757070312483	3954.2064058773731	3851.951585440765	3752.3410499071865	3655.3064187091622	3560.7810795841424	3468.7001428465564	3379.0003968423994	3291.6202645557337	3206.499761337348	3123.5804537265381	3042.8054193377516	2964.1192077845431	2887.4678026140386	2812.7985842257604	2740.06029374936	2669.2029978564688	2600.1780544824996	WPel 55°	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	6413.2271899427715	6258.6381029729982	6107.7753436542434	5960.549089877878	5816.8716846726284	5676.6575840145324	5539.8233058949272	5406.287380616126	5275.9703022852227	5148.7944814771054	5024.6841990385283	4903.5655610057247	4785.3664546087057	4670.0165053360761	4557.4470350347892	4447.5910210198836	4340.3830561698869	4235.7593099840969	4133.6574905785683	4034.0168075981783	3936.7779360226828	3841.8829808452215	3749.275442602237	3658.9001837342839	3570.7033957577037	3484.6325672276175	COP 35°	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	3.7856783055536827	3.905653347117882	4.0294306162979918	4.1571306126133694	4.2888776544326417	4.4248000000000003	4.5650299722970322	4.7097040878616534	4.858963189689546	5.012952584347488	5.1718221834320532	5.3357266495113906	5.5048255466921709	5.6792834959582708	5.8592703354324209	6.0449612857168429	6.2365371204738267	6.4341843424123235	6.6380953648518632	6.8484686990405796	7.0655091474096707	7.289428002952449	7.5204432549220819	7.7587798010482629	8.0046696664794172	8.2583522296635827	COP 45°	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	2.9965759173198045	3.0761237323827864	3.1577832426124819	3.2416105055696618	3.3276630669324025	3.4159999999999999	3.5066819462455636	3.5997711569451329	3.6953315359118863	3.7934286833647843	3.8941299409617591	3.9975044380283671	4.1036231390136404	4.2125588922057027	4.3243864797406184	4.4391826689387681	4.5570262650040325	4.6779981651219238	4.8021814139938312	4.9296612608454797	5.0605252179487668	5.1948631206971125	5.3327671892756019	5.4743320919682237	5.6196550101456904	5.7688357049784322	COP 55°	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	2.3389160489313419	2.3966875465885544	2.4558860069377721	2.5165466761229753	2.578705670871988	2.6423999999999999	2.7076675864442277	2.7745472898428365	2.8430789296715586	2.9133033089517966	2.9852622385443142	3.0589985620429818	3.1345561812834113	3.211980082481642	3.2913163630184674	3.3726122588853347	3.4559161728081556	3.5412777030657856	3.628747673020321	3.7183781613767946	3.8102225331902932	3.9043354716389547	4.0007730105817565	4.0995925679204941	4.2008529797857932	4.3046145355675298	Quellentemperatur





WPel (kWh/a) 





COP









WPel f(Ts)	35	45	55	25	2481.4054699477238	3379.0003968423994	4447.5910210198836	1500	WPel f(Hub)	25	35	45	15	2481.4054699477238	3379.0003968423994	4447.5910210198836	1500	Temperatur





Stromverbrauch WP (kWh)









Stromverbrauch in Funktion des COP

(Wärmebedarf 15'000 kWh/a)



COP 35°	3.7856783055536827	3.905653347117882	4.0294306162979918	4.1571306126133694	4.2888776544326417	4.4248000000000003	4.5650299722970322	4.7097040878616534	4.858963189689546	5.012952584347488	5.1718221834320532	5.3357266495113906	5.5048255466921709	5.6792834959582708	5.8592703354324209	6.0449612857168429	6.2365371204738267	6.4341843424123235	6.6380953648518632	6.8484686990405796	7.0655091474096707	7.289428002952449	7.5204432549220819	7.7587798010482629	8.0046696664794172	8.2583522296635827	3962.301809425971	3840.5866232519134	3722.6103210038978	3608.2580505139072	3497.4184876775857	3389.9837280781048	3285.8491819391711	3184.9134723048915	3087.0783363473879	2992.2485297060671	2900.3317337654303	2811.2384657811504	2724.8819917669225	2641.1782420572818	2560.0457294641933	2481.4054699477238	2405.1809057235855	2331.2978307326762	2259.6843184000782	2190.2706516131689	2122.9892548506914	2057.7746283967035	1994.5632845753601	1933.2936859444574	1873.9061853875653	1816.3429680464294	COP 45°	2.9965759173198045	3.0761237323827864	3.1577832426124819	3.2416105055696618	3.3276630669324025	3.4159999999999999	3.5066819462455636	3.5997711569451329	3.6953315359118863	3.7934286833647843	3.8941299409617591	3.9975044380283671	4.1036231390136404	4.2125588922057027	4.3243864797406184	4.4391826689387681	4.5570262650040325	4.6779981651219238	4.8021814139938312	4.9296612608454797	5.0605252179487668	5.1948631206971125	5.3327671892756019	5.4743320919682237	5.6196550101456904	5.7688357049784322	5005.713325433213	4876.2667906017223	4750.1677118250436	4627.3295246999414	4507.6679033576893	4391.1007025761128	4277.5479013885997	4166.9315481513613	4059.1757070312483	3954.2064058773731	3851.951585440765	3752.3410499071865	3655.3064187091622	3560.7810795841424	3468.7001428465564	3379.0003968423994	3291.6202645557337	3206.499761337348	3123.5804537265381	3042.8054193377516	2964.1192077845431	2887.4678026140386	2812.7985842257604	2740.06029374936	2669.2029978564688	2600.1780544824996	COP 55°	2.3389160489313419	2.3966875465885544	2.4558860069377721	2.5165466761229753	2.578705670871988	2.6423999999999999	2.7076675864442277	2.7745472898428365	2.8430789296715586	2.9133033089517966	2.9852622385443142	3.0589985620429818	3.1345561812834113	3.211980082481642	3.2913163630184674	3.3726122588853347	3.4559161728081556	3.5412777030657856	3.628747673020321	3.7183781613767946	3.8102225331902932	3.9043354716389547	4.0007730105817565	4.0995925679204941	4.2008529797857932	4.3046145355675298	6413.2271899427715	6258.6381029729982	6107.7753436542434	5960.549089877878	5816.8716846726284	5676.6575840145324	5539.8233058949272	5406.287380616126	5275.9703022852227	5148.7944814771054	5024.6841990385283	4903.5655610057247	4785.3664546087057	4670.0165053360761	4557.4470350347892	4447.5910210198836	4340.3830561698869	4235.7593099840969	4133.6574905785683	4034.0168075981783	3936.7779360226828	3841.8829808452215	3749.275442602237	3658.9001837342839	3570.7033957577037	3484.6325672276175	COP
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wp-ch

		Wärmepumpen in der Schweiz

		Schweiz. El. Statistik 2020

		Jahr
		Anzahl WP
		Strombedarf
GWh		Wärme
GWh		Strom
MWh/WP		JAZ


		2020		350,380		2,220		7,402		6.34		3.33

		2050		1,500,000		9,504		31,688		6.34		3.33

		2050		1,500,000		6,338		31,688		4.23		5.00

		Einsparung				3,166







Fazit
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Ja und …?

• Solarenergie kreativ nutzen
Licht, thermisch und photovoltaisch

• Subsidiäres Energiesystem entwickeln
Produktion und Nutzung auf Ort und Zeit 
abstimmen

• Lokal Wärme-Kraft-Kopplung installieren
Al-H2-Brennstoffzelle
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Danke

Danke!
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