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 Where to Use Solar Thermal Energy
« DHW and Space Heating Demand
 Demand District Heating Systems
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Content

 Hydraulic integration of solar thermal systems

Basics

Domestic hot water (DHW) plants
Combisystems (DHW space heating)
District heating systems

Swimming pools

e Dimensioning

DHW-plants
Basic definitions (frational energy savings etc.)

Sensitivity analysis
« Slope, azimuth, collector area ,strorage volume and
store paramters
» Type of collector, characteristic of spaceheating
system, control, hydraulics



Principle of Solar Thermal
Energy Use
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Where to use solar thermal
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 Domestic hot water (DHW)
e Space heating + DHW
 District heating networks

e Swimming pools

e Cooling

 Process Heat

 Electricity production
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Domestic hot water
production
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Domestic hot water demand
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Solar Combisystems
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Solar Combisystems
space heating demand

3000

[kWh/month]

2500

2000

1500

1000

500

Excess irradiation 1 Excess consumption
m Usable solar energy === |rradiation

= eference consumption

3000

2500

2000

1500

1000

500



Sizes of Solar Combisystems
Source: AEE-Intec
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System Sizes

Sytem Sizes of Solar Combisystems in different European Countries
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Cost of Solar Combisystems
Source: AEE-Intec
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Costs of Solar Combisystems in different European Countries
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District heating networks




Demand for district heating systems
Layout of Boilers and Solar
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Solar heated swimming pools
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2.5 mm Verbindungssteqg




Solar assisted cooling
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Process heat
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Hydraulics of Solar Thermal Systems
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Hydraulics of Solar Thermal Systems
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The hydraulic layout of a solar system has to fulfil
several tasks:

e Deliver as much solar gain as possible into the
stores (or the heat sinks) without exergy
(temperature) loss.

Have as low as possible thermal losses

e Distribute all heat needed to the heat sinks
(space heating and DHW).

e Reserve enough store volume to be heated up
for the auxiliary heater in order to guarantee
enough running time (smaller for gas burners,
larger for wood burners).

e Low investment costs.

e Low space demand.

e FEasy and failure safe installation, (as simpler as
better).
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Collector characteristics
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thermal losses

efficiency
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Domestic hot water hydraulics
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Hydraulics of solar DHW systems,
control strategy
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Two temperature sensors
* In collector (near collector outlet)
* In store (near outlet to collector)

If T, > (Tstore + 5 - 10°C) => Start
If T, > (Tstore + 2 - 3°C) => Stop

Dead band to avoid cycling at startup
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Hot water storages,
measures to enhance stratification
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Warm
AA

Cold.: Cold
Do

L Solution:
Heat Vi THERMOSYPHON

(about 10 * tube diameter downward)
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Hydraulics of solar thermal collector plants,
general, decoupling of circuits

M 2 —_ Z é/Puffer
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Hydraulics of solar thermal collector plants,
general, one-way valves in collector circuit
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Solution by

_ One way valves
T-ambient: 0°C

v
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Hydraulics of solar thermal collector
plants, collector stagnation
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Reasons for collector stagnation

e Heat demand of all available heat sinks Is
already satisfied

 Electricity break down

e Some collectors circuits in parallel collector
circuits tubes are not in operation due to
“blocking” air
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Hydraulics of solar thermal collector
plants, collector stagnation temperatures
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6 Stagnation Saturated steam pressure
O temperature

= Water Water/Glykol
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é E °C] [bar] [bar]

(0 @) Swimming pool collector 90 0.7 0.6

; - (no cover)
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(-
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Hydraulic collector flow scheme pressing liquid out of the collector

Collector stagnation

during evaporation (case 1)

N

Normal operation
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Hydraulic collector flow scheme pressing steam out of the collector

Collector stagnation

during evaporation (case 2)

Ll
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Collector stagnation

Hydraulic collector flow scheme of a tubing that is blocked on one
side case 3)
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Collector stagnation

Hydraulic flow scheme of pump, one-way valve and expansion
device allowing the flow from both collector sides
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Hlling valve

Valve

Manometer +
themometer

Collector Expansion
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sides in
expansion device

Flling valve possible

Safety valve

Valve
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Collector stagnation Conclusion
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» During stagnation several phases occur

* More or less steam is produced in different
hydraulic collector layouts

* As more steam is produced as higher
is the risqué of water hammer

» Preferable is the collector layout with
U-shape open to bottom
(minimum steam production)
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e Collector fluid should not be heated above 130 °C
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Methods to avoid collector stagnation or
Its problems

IWTrua=
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o Additional heat sink (like swimming pool,
boiler as HX to chimney)

e Layout only for summer demand
(small plants, vacation ??)

e Cool down during night
(weather of next day)
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* Drain back systems
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Drain back systems
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Advantages

* No overheating of collector fluid

* [ntegrated expansion device

« Antifreeze can be skipped (if draining is fast
enough)

e Draining is also needed for collector
stagnation with evaporation

Disadvantages

 Geometry of collector tubing is crucial to
assure correct fast draining (difficult to be
reached on site)
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Hydraulics of solar DHW systems,
natural circulation systems
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Hydraulics of solar DHW systems,
forced circulation systems
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dom. hot water
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Hydraulics of solar DHW systems,
avoiding legionella
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Hydraulics of solar combisystems
(small solar plants and fractional saving)
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Hydraulics of solar combisystems
(floor heating system as storage)
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Hydraulics of solar combisystems
(two store systems)
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Hydraulics of solar combisystems
(one store systems with external DHW
once through HX)
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Hydraulics of solar combisystems
(one store tank in tank or internal once
through HX)
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Fixed power
_  boiler
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Solar heated swimming
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Hydraulics of solar combisystems
(solar plants for multi family houses
4 pipe system)
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DHW store

Cold water in
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Hydraulics of solar combisystems
(solar plants for multi family houses,
2 pipe system)
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Main store
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Solar plants for district heating networks
—F 4 S ,__' -: =
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When small storage:
Layout only for summer load to prevent stagnation
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Solar assisted biomass-district heating system
Eibiswald (Austria)
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Technical data:

« Setinto use 1994

e Farmers association
c'BI e Biomas boiler: 2000 kW
(B e Whole year operation ab 1997
|:—) e Storage: 105 ms3

e Solar plant (1997): 1250 m?2

e Wood chips store: 4000 Srm

e District heat net length

incl. houses): 4000 m

e X user heating capac.: 3000 kW

31 users
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Hydraulics of solar combisystems
(solar plants district heating networks)
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District heating systems,
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Control of solar combisystems

Max. temperature from auxiliary as low as possible (user demand)
DHW store max. < 65°C (if limestone problem)

DHW store greater 400 |: temperature daily above 60°C (german
legionella standard)

Heating store solar max. < 95°C (to prevent boiling)

When stratifiers are used => Low flow system
When internal solar heat exchangers are used => High flow
systems

2-store systems: control has to decide which store should be
loaded first from solar: best way:

off heating season: DHW store primarily

heating season: store with lowest temperature primarily



Dimensioning of Solar
Systems
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Fractional energy savings

Tnstfout iU VWrrebad ik

IWTvaw

_ Qsolar heat delivered
SF, =
Qtotal heat demand

store heat losses are assigned to boiler

_ Qsolar heat delivered
SK, =

Qsolar heat delivered + Qauxiliaryheat delivered

store heat losses are assigned equally

Qconventioral heat delivered
SF =1-

Qtotal heat demand
store heat losses are assigned to solar plant
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Example

Qpuw T Qsy = 15000 kWh
Qoolar = 9000 kWh
Qgoiler = 8000 kWh

SF,=60%, SF,=53%, SF =47%

SF. is used for further calculations
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Fractional energy savings of Task 26, IEA
using reference system
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Fractional Savings thermal (FSAVtherm)=1— Fueloomb

|:uelReferenz

I:ueICombi +EIpri,Combi

Fractional Saving extended (FSAVext) =1-
FueIReferenz + EIpri,Referenz

_ Fuelgompi +Elgri,combi +Penalty compi

Fractional Saving indicator (Fsi) =1
I:ueIReferenz + EIpri,Referenz

Note:

Comparing to a reference system and using
the fuel demand rather than final energy, the
boiler efficiency of reference system compared
to the solar system becomes significant
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Simple dimensioning of solar DHW systems
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Simple dimensioning of solar DHW
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systems
'
C
e
O
)
Jd
v N Solar-climate-zone Hours of sunshine Global iradiation
E © [h/year] kWh/m2,day kWh/m2,year
E S | < 1500 ca. 2.5 ca. 920
: @) I 1500 - 1700 ca. 2.8 ca. 1030
; :) 1] 1700 - 1900 ca. 3.1 ca. 1115
- A\ 1900 - 2100 ca. 3.4 ca. 1230
D I_ V 2100 - 2300 ca. 3.7 ca. 1370
Y- VI 2300 - 2500 ca. 4.1 ca. 1490
45' VI > 2500 ca. 4.4 ca. 1610
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Sensitivity analysis of reference combisystem
reference conditions
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C Location Graz, standard year
C Building
* Design heat load : 8 kW
O Internal gains: 0,5 kW
CD » Design temperature: -12 °C
L Design flow/return temperature of heating system: 40/30 °C
()] DHW demand (45°C) 200 I/Tag
E N Collector (selctive absorber)
M - Area 30 m?
b e « Azimuth: Sud
(0 (D - Slope 45 ° -
; *  Tube length collector storage 15 m # laanndd
:) DHW store 4= | ]
(- Volume: 500 |
| I_ Insulation: 10cm, A=0,05 W/mK ; Xﬂ
G Space heating store 4
- «  Volume: 2000 | Cold water e
= * Insulation: 15cm, A =0,05 WmK
e Control
" — * Max. temp. DHW store solar: 70 °C Variable power
L Max. temp DHW store auxiliary: 60 °C boiler
g * Max temp. SH store solar: 100 °C
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Sensitivity analysis of reference combisystem
energy balance of reference conditions
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'
-
C
0 5000
q) 4500 1 I Total heat demand
Jd
QO - 4000 + 3 Space heatdemand (8 kW
E N £ 3500 + heat load)
- E § 3000 4 C— DHW-demand (240 I/Tag, 45 °C)
:(0 < 4 [

(D E 500 —eo—Irradiantion (30m2, 45°, Siud)

:) : 2000 +

4
- I_ g 1500 + o —&— |rradiation during operation
2 [ 1000 + | =
~m —&— Heat t t

o 500 + A/X o eat to storages
3 0 —————
-; 1 2 3 4 5 6 7 8 9 1011 12
) Month
CcC (c) Institut fir Warmetechnik, TU Graz

SF.= 34 %
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Sensitivity analysis of reference combisystem
SF. dependency on slope and azimuth
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0
solar fraction

- \\ 15 (% of maximum)

/ ho  §90-100
m 80-90
\ 45 _ 07080
/ 2. | 060-70
60 S  m50-60

(%2]

\\ T 1 I ! 90

90 60 30 0O -30 -60 -90
collector azimuth [“]

Institut fur Warmetechnik
TU Graz

east
(c) Institut fur Warmetechnik, TU Graz, SHW 2/96

west
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Hemispherical irradiation on surfaces of
different orientations for a middle
European climate
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250
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monthly irradiation [kWh/m2 month]

Institut fur Warmetechnik
TU Graz
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Sensitivity analysis of reference combisystem
SF. dependency on slope and azimuth
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Optimal slope equals to lattitude of loaction

Optimal orientation about 5° west (northern hemisphere)
Little decrease of SF_ by opt. slope + 25°

Little decrease of SF_ by opt. azimuth + 30°

Slope of 90° south is far better than horizontal collector
(wall collector)

Institut fur Warmetechnik
TU Graz
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Sensitivity analysis of reference combisystem
SF. dependency on store volume and collector area

Total Solar Fraction as a Function of

Store-Volume and Collector Area  spec. Collector Area

80 [mzlkWHeai Load]
70 ——20.00
—e—10.00
60 —¥—7.00
S - 5.00
s 507 ——3.00
Lg L ¥ 0 Base Case ——1.00
3 30 /‘, 2

N
o
!

T

=
o
!
T

0

0.0 0.1 0.2 0.3 0.4 05 0.6 0.7
Specific Heating Store Volume [M3KW yeat 1 0ad]

(c) Institute of Termal Engineering, TU Graz, SHW 2/96

Total Solar Fraction as a Function of
Store-Volume and Collector Area

spec. Collector Areg
[mZ/kWHeat Load]

—+—20.00
—e—10.00
—¥—7.00
5.00
—a—3.00
—m—2.00
—e—1.00

Solar Fraction [%]

Spec. Store Vol > 1: Store Insulation 15=>50cm
0 } } } } } } } } } }
0 2 4 6 8 10 12 14 16 18 20 22
Specific Heating Store Volume [M3/kW yeat L oad]
(c) Institute of Termal Engineering, TU Graz, SHW 2/96

ACOII_p = AcoII/ Q|0ad and

Vstore_p - Vstore/ Q|oad
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Example of purely solar heated house
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Institut fur Warmetechnik

Example of purely solar heated house (No 10)

IWTrua=
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e Living area 124 m?
e Persons 4 (1 Baby, 1 small kid)
e Heated volume 520 ms3 |
A e Design heat load 4,1 kW (ONORM B8135)
6 e Heat distribution system Wall/floor 33/28
- 0
- e Collector (absorber) 75 m2 Agena Azur, south, 55
e Store volume 75 m3 water
e DHW production external once through HX
e Auxiliary boile NONE
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Institut fur Warmetechni

Example of purely solar heated house (No 10)
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Statt AuBentemperaturfuhler
O MeRdaten von Wetterstation
LaBnitzhihe

O TK22 Referenzraum

O PTCT Wand mit Wandheizung (auBen)
O PTC2 Wand mit Wangheizung (mitte)
O PTC3 Wand mit Wandheizung (innen)

O PTC4 Wand ohne Wandheizung (auRen)
O PTCS Wand ohne Wandheizung (mitte)
O PTCS Wand ohne Wandheizung (innen)

O PTC24 Ansaugluffemperafur

P TK9

\ WMZS g Warmeabgabe-
| system
( ) Ausdehnungs- TK14 WMZ4 4 L |
GefaR n 0o~ K12 pTK1 pTK20 I] K21
(offen) 1 b1
’ WMZ3 3 WMZ1 WMZ6
—)—H =
WMZ2 b ke
I_ PICT O b L | 7 pre2) prC22
PTC8 O |
| N K6
| PTC20 TK8 o | | Legende:
—  Heizung VL
PTC19 TK7 KB 7 oy | ®x _I — ———  Heizung RL
| PTCIB TK6 o PTCS 2= — — —  Kaltwasser
o PTC10 | TK™9 - — = Warmwasser
| PTC17 K5 g Y o PN | WMZ7 | | WMZ1 ... T Warmemengenzahler
opPTCR TKT ... 23 Temperaturfuhler fur
| PTC TKL | ™I Ty | Dafataker (PT100)
Leifwerkschichi- 4o — PTCT .. 24 Temperaturfunler fur
| PTCTS TK3 4 3@9‘;?” |:TK23 | | MeBdatenerfassung PC
| PTC14 TK2 9 | ﬂ (PTO)
PTC13 TK1 g |
| g | = | HEIZUNGSSCHEMA
pPTC23 0 345 67TKS
| e s I I HAUS NADER
Manfred Kach
09.10.1997
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Example of purely solar heated house (No 10)
store temperatures first year

Tagesmittelwerte der Speichertemperaturen:

90,0
80,0 +
O 70,0
o
S 60,0 +
=
©
S
® 50,0 +
=
8 40,0 +
e
()
S 30,0 A
o
o 20,0 +
10,0 +
0,0
~ O~ O~ N N~ N~ N~ N~ N~ N~ N~ N~ N~ © © o o o
[e)] [e)] ()] ()] ()] ()] ()] [o)] [o)] (o)) [o)] [o)] [o)] (o] (o] (o] (o] (o]
o o o o 6 o 6o o o o o 6o o o o o 6o o
2 3 3 3 3 3 333 3 333 3 3 3 3 3
© N~ N~ © €8 o o S o «H «+H & o S S o o o
© 9 o o o 9o 9o +H «+H +d4 +H4 <4 4 o o 9o o ©9
o 1o} o < (o2} Lo} o © i Lo o Lo o < (o2} ™ © Te}
M = ® =34 N +H ® «d ™M «dH ®m «+H M «+*4 N <4 & 9«

—— Speicher (oben) TK8

— Speicher TK7

—— Speicher TK6

— Speicher TK5

— Speicher TK4
Speicher TK3

—— Speicher TK2
Speicher (unten) TK1




Institut fur Warmetechnik

Example of purely solar heated house (No 10)
one year energy balance (June 97 — March 98)
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Collectorer yield 16.700 kWh (220 kWh/m?2)
(-'El Heat to store top 2150 kWh
6 Heat to store middle 14280 kWh
> Heat to store 16430 kWh
D)
I~ .
Heat delivered top 145 kWh
Heat delivered middle 728 kWh
Heat to space heating 1090 kWh (is it worth this ??7?)
Heat fo DHW 520 kWh (50 I/d ???)
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Sensitivity analysis of reference combisystem
SF. dependency on collector type
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(c) Institut fir Warmetechnik, TU Graz, SHW 2/96
70,0
60,0 /‘
N //)
© S 50,0
(D § 40,0 +
D c:s 30,0
— @ 20,0 +
10,0 +
0,0 T T T T
0 20 40 60 80 100
collector area [m?]
—a— Vakuum-tube- Collector co=0,72, ¢c;=1,25, c,=0,007
DEE —— Flate plate collektor selektive surf. co=0,77, ¢c1=3,33, ¢c,=0,012
i = —e— Flate plate collektor black surf. Co=0,75, c1=5,46, c;=0,021
i!
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Sensitivity analysis of reference combisystem
SF. dependency on design temperature of the heating
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system
90,0
80.0 X reference solar fraction reference
| solar fraction
70,0 > (%4
N | £ 600
T | |
. 2 50,0 |
Q) 3}
= 40,0 4% = 80
Y— y ——
D) = —
® —il—
I_ é 30,0 I —i —&— 60
M —m— 40
20,0 i e
—— 20
10,0 I
0,0 ! I I I I
20 30 40 50 60 70 80
mean temperature of heating fluid
(Tflow + Tretrurn) 12 [OC]
(c) Institut fur Warmetechnik, TU Graz, SHW 2/96
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Simulation programs for solar thermal systems: SHWwin
_Talx

Datei  Simulation  Ansicht  Datenbank, e

Projekt ] AI

IWTrua=
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IKaItschm 5, Mahwarmenetz, \Wiirzb. IlryEdos'l try (o} l_ l_ l_ |Zur Simulation freigegeben Balaring qri-39 78,4 [Pwha
DL Fernwarmesypstem 3 o Einztrahlungifand
C @ Y1 Graz: EfH, solare Bw-Ber. Zik
Graz: EfH, solare B\ -Bereitung
: — - Graz: EfH, solare Bw/-Bereitung [V ari)
0 Simulation I Kaollektar I -5 peicher I Steuerng I wiarmwasserverbrauch  Gebaude + Heizung + P | Kezsel I Pratakall I Graz EfH, solare B\w-Bersitung, extern, high
Gebiude+Heizung  Fermwdime | Graz: EfH, solare BW’-Bere!lung, extern, low .
m Graz: EfH. zolare BYWW-Bereitung, extem, low Zin
H T aglicher Yerbrauch: 18500 [I#Tag] Heizlast: | 1093000 [w] YYarlauftemperatur % ['C] Grazi Sl BW-Berenung,.er:tem, sl
Graz: Solaranlage EfH, 5 kw, teilzolare Faumhz
m Soll-Temperatur des ‘W armwassers: I 70 ['C] Auzlegungsternperatur: I 1z ['C] Riicklauftemperatur: I B0 [’C] Graz: Solaranlage EfH, 5 kw', teilzolare Rhz, 30-539 |
N Mittlere Grundwassertemperatur: 10 [*C] R aumtemperatur; 15 ['C] = SRTSRE 15 == Er o e ot Sl Sl (o U
m 15 iy Auswahl Warmwasserspeicher
Drehzahlgeregelte Pumpe W Heizbeginntemperatur: ['C] Diatei
- [ 2
:CG (D 120 . a0 P H & & | X
1Mo - = — .
> i 1200 [Driginal Speicher | Energiezufubr
8D £ 1100
[l . 7 .
’ 90 SR 5 (1,000 | Fe-Speicher [ =peicher
. [}
(G a0 RN T |00 Wolumen: 05 [ré]
= I_ 704 L £———————| 00 Haoke: 16 [m]
' © 50 52 700 d Breite: 063 [m]
S . =  lew — Dammdicke: 0.1 [m]
H 40 s - :igg Leitwert der Dammung: 0,05 [w/fmik]
: 30| N - Mt wert, W Srmeleitwert; 1.8 [ Amk]
H 20 T 500 =
0 10 R - 100 -  Brauchwazzerentnabme————————
H D T T T T T T T T T T T T T T T T T T T T T ﬂ = -
201816141210 -8 -6 4 2 0 2 4 B & 10 12 14 16 18 20 22 24 2ullu: 0 ml
U) AuRentemperatur AbHURT: 1.5 [m]
C A bl 1.6 [m]
—
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Simulation programs for solar thermal systems
Polysun
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Test-Kaollektar

I_ Eusmzhﬂizung e e T B
elektrisch [

| = P

P
i ;ﬁl Warmwasser

Temperatur | 20,0 °C

Hollektor
Test M. 0 | Yerbrauch 144 1id

Ah=orberflache | 220 m2

{  Steuerung

Ansztellwinkel | 25,0 ° ﬁl [¥ Zusatzheizung

Kes=zel

TU Graz

Orientierung oo e

Horizont A Tein 80 |“C
_ A || ATaus 30 |=C
frei

I

= f, .
Inhalt: 2600

Leitungslange aussenl 100 m innenl 100 m s oot

Energiebezugsfléche: 1453 0m* |
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Or.-Ing.G.Valentin+Partner GbR
VALENTIN Energiesoftware

Yariante 1

Proatl: Proatl 1

Simulation programs for solar thermal systems: TSOL

T*50L 4.0 Demo

Dialum: 06509002

Solaranlage mit biv. WW-Speicher

qx Handard Flacheallztar

Mzimu :
Mzl 45

160 LikanTag
a5

@

Ergebnisse der Jahressimulation

Bnstrahlung Kollektorfldche: 3,36 bt

Pbgegebene Energie Kollektoren: 1644 G lh
Fbgegebene Energie Kollehtorkreis: 125,84 kh
Energiclieferung Trinkwarmwassererwdmung: 238071 kih
Energie Salarsystermn an Mamwasser: 1k 84 lh
Zugefihrte Energie Zusatzheizung: 112,79 kih

111959 knhdm®
542,22 Khdm®
475,28 Kih/m*®

Brennstoffeinsparung: 214,21
‘ermiedene CO2-Emissionen: G764 kg

Deckungsanteil Warmwasser: 55,8 %
Systernmtzungsgrad: 42,5 %
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Simulation programs for solar thermal systems: TRNSYS

4 |15iBat - [Ex3.TPF] M= ES
=" File Edit “iew Directfccess Assembly Calculate Tools  Window 7 =&l =]
D|2|E@] #|B=e oo szle| o |m A5 Hzle ol e eSS
e
I i3 'i:l' — {:l Controllers
- - »- L e {:l Electrical
ﬂ weather T9 LD— 9 —— h T12 {:I Heat Exchangers
Q . ouse_ a {:l Hyar
E radiation Tléa by -1 Hydranics
== +* = {:l Loads and Structures
X| 4 i {:I Dutplut
& o * {:l Physical Phenomena
i . N s | T -1 Samples
b aFF 4 ]
o {:l Solar Thermal Collectars
e Y i 4 controller T2h ¥ {:l Themal Storage
> o o - Utility
| " : — - » ﬁ - —r > or —— -1 scsth
o ¥ o . T -2 twotankd
Al collector_T1h i i tankDTéla + pump_T3d
E L 2
= - > s)kd‘l‘ >
. ¥
i + + mtegrator_fm
L 4
iz . . B
— Ee=)
k_T4a M= E3
sutnnaty T25h -
nput I Dutputl Derivativel Special Ealdsl External FiIesI I:Dmmentl
& |Fixed inlet positions 1 Wore. - ]
i Tt S 3 m"3 Mare... detailed_T25c
= Fluid specific heat 4180 kg K Maore...
g Fluicl density 10000 kgin”3 Ware...
o Tank lozs coefficient 1.5 kdinr m®2 K hare. .
M Height of node 2.5 m Maore...
=M Auziliary heater mode 1 Ware. .
g Mode containing hesting element 1 1 hore...
=i Mode containing thermostat 1 1 Mare... j | _|;|
3
vy many temperature levels (nodes) should be used in the tank? |1 | NUM

|J @snnnenforum_ﬂzdn...l IISIBAT

[[Znsiat - Exat.. | REBNELG@D

17:23



