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Field Test Trigeneration

* Project ,EnEff Warme: Absorptionskalteanlagen fiir KWKK Systeme” (FAKS)
* 15field tests throughout Germany Supportedby:

* Federal Ministry
% of Economics
and Technology

* |nstallation of 25 absorption chillers
* Trigeneration (cooling/heating/el. supply)

on the basis of a decision ()
by the German Bundestag

* Research and optimization upon:

— construction o 1 o

— system integration (co-/trigeneration) % °

— controll concepts / supply security °
 Detailled monitoring (system/chiller) ) QR eld test
. Comm|55|on|ng in 2013/2014 - .5. \ partners

- TECHNISCHE =
un esin ustrieverband @ UNIVERSITAT f;
che Gebaudeausriistung e.V DRESDEN =

ZAE BAYERN

AGF@ LK Dresden %4

Absdrptioh chiller systéf; /K‘RGC hsorption chiller system /AHIT



ASHHAE>
Hellenic Chapter

EinB2017 — 6" International Conference “ENERGY in BUILDINGS 2017”

CEE

Solar Cooling Systems

* Project ,Solar Cooling in Industrie and Commerce” (SCIC)
* 4 solar cooling installations throughout Jordan

Supported by:

* Federal Ministry for the
& Environment, Nature Conservation,
Building and Nuclear Safety

e Demonstration — Know-How Transfer — Promotion

— Consulting role during planning/procurement/installation phase

— Local capacity building and personel training

— Commissioning 2015/2016 / monitoring

* Project successfully ended in 2017

Absorpton chiller.type Bumblebee in
German Jordan University

Solar collectorfield-in Ro§a| Culture
Centre

field test and

4
Deutsche Gesellschaft
fur Internationale
Zusammenarbeit (G1Z) GmbH

project
partners
Iml
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kL i
rU—th STRIES OE\’OMENT
}"ﬂ"“'ﬂ

Vc;u u

";:5‘.6;“:?.‘»..‘ 7 .«-'-'\.'\’
~HRE=

| Smle”
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Installed Absorption Chiller Technology

Specifications (nominal) Bee Bumblebee
Coefficient of Performance (COP) 0,79 0,82
cooling capacity 50kwW 160kwW
chilled water temperature in-/outlet 21/16°C
heat capacity 63kW 200 kW
hot water temperatur in-/outlet 90/72°C Absorptioniei g
P prototype & market unit
working pair H,O/LiBr
. s N
Installed capacity 2.7MW N
29 Absoprtion Chillers Process 400 - <> O gt?sn;?;l)r;?otrlmoghﬁlfers
9 Bee's + 20 Cooling (type Bumblebee/Bee)
Bumblebee's = O 2ingleBAbeI ee)
@) ype Bumblebee
[t 8 300 o s /\ Single AbC
8 8 (type Bee)
o ; Driving Heat Source:
IT Center = = 200 - District Heating System
Cooling 8§ £ @ CHP - Plant
o O Solar Collector System
5 o O g
240kW g 100 1 @ Q O
©
Office Hospital
4 6 8 10 12 14 16 18

chilled water temperature at the outlet of evaporator
in°C
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Working Principle Absorption Chiller

Condenser Desorber
\_§<TDi tDo
reject heat * c ( : Steam :,\ D 7 ' driving heat
(dry cooler) — < — < (solar heat,DH)
‘ ' tp,
concetrated
X solution ?)
E
vapo<tor Absorber
tEo
cooling » ) A * reject heat
power S < g |
te,” ty (dry cooler)

Q) diluted solution

@ solution pump (~50W)
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Introduction Absorption Chiller Control

Cooling load ~

QE:\./E'p'Cp'(tEi_’[SEE;):(.QEt >

7/

chilled water  density
volume flow

| o

inlet / outlet temperature
heat capacity

reject heat

<

tEi

- % tDo@ % ﬁ g t v
heat capacit o e
paci y<_ S AbC %

D E N\

-4
cooling capacity
.

@
-0 D

hot water circuit

cooling water circuit

chilled water circuit

A: Absorber D: Desorber
C: Condenser E: Evaporator
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Introduction Absorption Chiller Control

Cooling load

set - set

Qe =Vg-P-Cp '(tEi _tEo):QE

S ]

chilled water  density inlet / outlet temperature

A~

(o)

e\

reject heat

Common control:
—>Control of hot water inlet temperature for

maintaining cooling capacit : -\ set
g g capacity QE:QEe

—>Fixed cooling water inlet temperature

volume flow heat capacity
set
ta =const.
t
t, = const.
— 140
;E 9
| & 110%
H 2120
i t of 0
v 8 2100
NJ-L\I\ 25 359
> A C — & 3L w0y
. R \Y; g
E < hot water
heat CapaCIty ﬁ Abc % @“““: % Léa% 60 1 volume flow ratio
! = &
* \J E i u * §§ . A//X/X/N "
1 @
! G 20 -
common |, At.=t set_ t g
Control E™ ko o 0 : : : : :
50 60 70 80 90 100

hot water circuit

cooling water circuit

chilled water circuit

A: Absorber D: Desorber
C: Condenser E: Evaporator

Heat source inlet temperature [°C]
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Introduction Absorption Chiller Control

Cooling load

set - set

Qe =Vg-P-Cp '(tEi _tEo):QE

S ]

chilled water  density inlet / outlet temperature

A~

(o)

e\

reject heat

Common control:
—>Control of hot water inlet temperature for

maintaining cooling capacit : -\ set
g g capacity QE:QEe

—>Fixed cooling water inlet temperature

volume flow heat capacity
set
ta =const.
t
t, = const.
— 140
;E 9
| & 110%
H 2120
i t of 0
v 8 2100
NJ-L\I\ 25 359
> A C — & 3L w0y
. R \Y; g
E < hot water
heat CapaCIty ﬁ Abc % @“““: % Léa% 60 1 volume flow ratio
! = &
* \J E i u * §§ . A//X/X/N "
1 @
! G 20 -
common |, At.=t set_ t g
Control E™ ko o 0 : : : : :
50 60 70 80 90 100

hot water circuit

cooling water circuit

chilled water circuit

A: Absorber D: Desorber
C: Condenser E: Evaporator

Heat source inlet temperature [°C]
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Introduction Absorption Chiller Control

CE-Control objectives:

CE-Control:
Simultaneous control of o 1. Supply of demanded cooling capacity
)
the inlet temperature Q p-C, (t | ) ot
for cooling and  hot ject heat 2 Malrftaln Ii:hllled wa?er outlet temperature
water with respect to reject hea ' set P
set values tset and tset ----- >®}@ tEo = tEo
t 3. Maintain hot water  outlet temperature
S _(P'@D t tset
toi te;
v i
- tDo@ A C @t v - . :
heat capacity ﬁ S % AbC % @E % g t cooling capacity
- \/ | D E — S T
| (eg. 9°C)
AfD """"" > Coifrol D e AtE_thet e

—> fully automatic operation
—>control of external/internal actuators
—>power controlled / intrinsically safe
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High Temperature
heat source

- solar energy
> CHP
- DH-network
- etc.

A: Absorber
C: Condenser

EinB2017 — 6" International Conference “ENERGY in BUILDINGS 2017”

storage

Simplified PID

hot water circuit
cooling water circuit
chilled water circuit

D: Desorber
E: Evaporator

o

i ty;
too § A % I T
o) AbC S
D E :

Cold consumers

storage

CEE

Absorption
Chiller Cooling
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High Temperature
heat source

- solar energy
> CHP
- DH-network

- etc storage j
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Simplified PID

o

hot water circuit

cooling water circuit

chilled water circuit

A: Absorber D: Desorber
C: Condenser E: Evaporator

s
/“[‘/
VMWV

> >
&

O
MAAM
D K

5y
Q@

cC %
N
A

Cold consumers

storage

CEE

Absorption
Chiller Cooling

Compression
Chiller Cooling



ASHHAE>
Hellenic Chapter

High Temperature
heat source

- solar energy
> CHP

- DH-network
- etc

A: Absorber
C: Condenser
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Simplified PID

storage

—
> heat exchanger
VAR Y
-
M N A\
- D N\

hot water circuit
cooling water circuit
chilled water circuit

D: Desorber
E: Evaporator

o

(e

N
\Z

Cold consumers

storage

CEE

Free Cooling
Mode

Absorption
Chiller Cooling

Compression
Chiller Cooling
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High Temperature
heat source

-> solar energy
- CHP

- DH-network
- etc

A: Absorber
C: Condenser
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Simplified PID

A (T

hot water circuit
cooling water circuit
chilled water circuit

D: Desorber
E: Evaporator

"\T/ i
ambient air
(o) temperature heat exchanger

A '

: - 1
aa

[E5}- - M A\ I .

o Y ()

storagej E" ELT

| O ? >—(:)- ELT -m |
-+ = '“: '
o}
: hd A A N7 -
mo  olf w ile o e
. I ;
L\ D £ (/ z

(| '
cc [vew ]

g N :
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©

S
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CEE

Free Cooling
Mode

Absorption
Chiller Cooling

Compression
Chiller Cooling
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xtended Absorptlon Chiller Control
tli:t_,-:»._,. = t7K|
/=N |
—ty
VE
[hrm]
— yi Overall goals:
t |gyt et hoat devi —> increase el. efficiency of
C‘:Zerto ST sell re:e eal device absorption chiller system
— .+ A . network
\ A e J | =increase thermal
to= flty) efficiency (COP) @ | &
S
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"e"e"'cﬁﬁérforma nce Results with Strategy 2

40

35

30

< 25
O£
==
© O
oo
S £
§315

[&]

10

08:

inlet temperature
absorber(tv‘)

LN “‘hﬂ"‘»"’ﬂ\ set value for

cooling capacity absorber inlet

(b sed)

QE,set

temperature
difference

condenser/
absorber (AtAC)

set value for temperature difference

AtAc.set=6K activated control strategy

cooling water circuit (=1)

00

06:00 10:00 14:00 18:00 22:00
running hour, 15.12.2016

volume flow in m3/h
el. power in KWW/10

20

18

16

el. efficiency in kh,/kWh_
© o N

(o2}

1

el

electrical efficiency AbC

1 1 1 1

variable set value for

volume flow abs./cond.
[ \

AC,set)
\ volume flow

absorber/condenser

v, )

10 x electrical power!

\ cooling water pump

10 x electrical
power dry cooler

nf)
A S

I activated control strategy cooling water circuit
1 1 1 1

08:

00 06:00

10:00 14:00 18:00 22:00
running hour, 15.12.2016
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specific electrical energy consumption

WA {kl/er,}
E()Af kWh,

At
Wii=

electrical / thermal efficiency

CEE

chilled

Coolrng Water circuit
hot
AbC Control
reJect heat device

A E()A,-T EOA,-T kWh, WAl = W™ Wi +WES +Wah + G+ WGr4
T 5 — ) : :
é’el,/ = ZWKA,'T VV,-AT L‘Whe/} Eo,/ Eo,/
A
car _Egyi {kWhO}
th, ES kWh,
specific primary energy consumption primany energy consumption
A electr. driven desorber
ar PEki [kWhp, components heat
Pe : ! A . \
) EOA;[ kWhO At At
’ pelt — PEg; +PER ZWk,i PEFy + By -PEFRy,
1

E{

H EA.T
kWh
primary energy factor eIectnmty{ o J
el

k: actuator (group)  W: electrical energy
i: AbC-No / System  PE: primary energy
At=1day /time period E,: cooling E,: driving heat

primary energy factor heat {"Whpe}

kWh,
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regarded absorption chiller systems:
—8 absorption chiller systems connected to district heating (D1-1, ...)

regarded absorption chiller systems
Site No | Field Test | Driving Heat Source
Name DH CHP Solar

O D1-1 KFWK X
D2-1 HENK X
. D3-1 LVRZ X
y D4-1 ESTW X
(] D5-1 KRSW X
D6-1 X
% O D6-2 AHIT X
O D7-1 X
D7-2 ROKK X
D8-1 X
D8-2 HHVE X
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"""Usage/ Availability/ Operativeness

relative part of the regarded time period in %

bt regarded time period
availability in %

Jan/2016 - Sep/2017

siteno 0% 20% 40% 60% 80% 100% > 15312

D2_1 1 1 1 1 . -
D6-1 - field tests with 24/7/365
D1-1 cooling demand
C2-1 - maintenance/out of
D3-1 service intervalls due to:
D6-2 —>software updates
D8-2 chiller/system
D8-1 maintenance

v D41 - AbC safety shutdown
D5-1 routines
(C;::'; 90 to 100% = 90-100% availability in

- (o)
oo availability over 80% of the systems
D7-2
A .

S3-1 avallablllty 1- Tzut of service | |
S2-1 Trequest @ cooling operation AbC
S1-1 @@ out of service

maintenance
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Field Test Cooling Work

cooling provided in the regarded time period in MWh
fieldtest O 500 1.000 1.500 2.000

regarded time period

Jan/2016 - Sep/2017
> 15312 h

- field tests with 24/7/365
cooling demand

- 4.8 TWh total cooling
provided by regarded
absorption chiller
systems

D8-1/2

D241

C1-1/2

— currently not analysed yet

Cc241

____—currently not analysed yet

D11

D31

D6-1/2

D7-1/2

— currently not analysed yet

D4-1

D5-1
S3-1
S2-1
S1-1
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Hellenic
—> standard control (inactive extended control)
- ADbC Cooling 5 kWho/kWhg < Tgapc < 32 KWho/kWhy,
- CC Cooling ~1 kWho/kWhy <7 cc < ~4 KWho/kWhy,

CEE

Values

regarded time period
Jan/2016 - Sep/2017
only standard control

0.7F . - ' | | | | | * ’
+ median Absorption i !
[ 20%-80% Chiller Q i
0.6l F=--- | 5%-95%  Cooling : ; .
& ! g
— :
: . |
< osf 5 Q-
S R T A T
2 oaf P S E R S
= P ! i
c i ' : i i
Sosk 4 1 & Q ’ 5]
Q. ! i
£ ¢ ¢ & i $
=) ! : 1 e T T —
2 0zm b+ + i T R A
o - H + ' _ : ! i i ! i
| l ’ : +H |+
0.1 i - + + + - . 7
- r = T = I =
1 I | | | | | 1 | | | | | 1
0
D11 D21 D3-1 D41 D51 D61 De-2 D71 D7-2 D81 D82 C11 C1-2 C2-1 S1-1 821 8341

electrical efficiency in kWh, / kWh,
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0.8

0.75

in kWh, / kWh,
o
© o @
o O N

thermal efficiency
o
6}
(6}

+

median

3 20% - 80%
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Thermal Efficiency

regarded time period
Jan/2016 - Sep/2017

S 1 5%-95% all operation phases
I I I I I I I |:II:| I I I I I
T o+ T | T oo
T T T | -t A T
+ 4 i + + I R
i i | + + B
. + ! B ! T "
+ T T i 4 P L
| i i || i T + i | |
5 s R B |
| | | -‘I_ | | | | | | | | | | | | |
D1-1 D2-1 D31 D4-1 D51 D6-1 De-2 D7-1 D7-2 D81 D82 C1-1 C1-2 C2-1 S1-1 S2-1 S3-1

site no



:S:RAEVCh EinB2017 — 6" International Conference “ENERGY in BUILDINGS 2017” tEE
ellenic Chapt

Influence Flow Control on el. Efficiency

specific values for reject

heat water circuit O, ~ &
A wa - " (strategy 2
T _ r
Wabc,Gr1 = EAr < rategy
0.1 — volume flow control abs/conds circuit
Vac =f(Atpc)
0.05 : : ‘ —1 o005 e . .
- field test D4-1 Atyc oer=5K X i field test D3-1
0.045+ S 0.045} 1
Co L inactive
< 0.04f £ 0.04} Strategy _
2 0.035} o~ 0035 , i’ « |
Qe o c ’
8§ oo3 AbcC 53 003 ) ]
B i B Cc
8¢ 0025 ®'c 0025 o L
o O 8 O b O N
9 -S_ | —_— "5_ r '
£ g 002 = & 002 i 1
Q2 S 2
@ £ 0015 ® S 0.015} Lo+ & \ .
. F 0.01+ ﬁ AC,set™ il
0 005_ 0 005 ¢ \\ AtAc,set=8K
' Dtpc o=8.5K ' Atac 5e=9.5K
0 1 1 1 L 1 1 1 1
0 10 20 30 40 T 24 26 28 30

cooling power in kW cooling power in kW
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Standard vs. Extended Control

regarded time period
Jan/2016 - Sep/2017

D3-1 D4-1 S11 S2-1
0.7 I I T T T | T T
+ median
C—1 20% -80% T
08F| p-----4 5%-95% | -

o 1
§ 1
x 05
-~ Zel=4 9 zel=11 <e|=6 9 (el=8
= T —
2 04r | + s i
£ : i

c L ! _
s 93 =14 > 7,=24 +

3

a 0.2+ e i . _
[ i

O ———

© 01 — -

,=3 > =4 B
0 | | | | 1 1
standard standard standard standard

control control control control

electrical efficiency in kWh, / kWh,,
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Conclusion

Absorption chiller cooling with

; -:i,l-r L

)
! -

—District Heating systems
—Combined Heat and Power Plants

—Solar systems

Succesful and stable operation of absortion chiller
technology

—in 15 field tests in Germany } 29 absorption chillers
in 4 field tests in Jordan

—el. efficiency: up to 30 kWh, / kWh,,

—th. efficiency: up to 0.8 kWh, / kWh,

—90%-100% availability

Increase of electrical efficiency by volume flow control
(extended control)

High potential for efficiency increase matched by
introducing new control strategies




ASHRAE )

/ EinB2017 — 6" International Conference “ENERGY in BUILDINGS 2017” tEE
Hellenic Chapter

Energy Efficient Cooling with new Absorption
Chiller Technology in Solar Cooling Systems
and CHPC-Plants

Dipl.-Ing. Christopher Paitazoglou

christopher.paitazoglou@tu-berlin.de

o4




