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Starting Point

Solar Cooling Monitor (2009 - 2012)
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A lot of ,well intentioned™ plants, but low efficiency noted
Idea of the project:

Optimisation of primary energy consumption of solar cooling
plants by means of efficient technology and innovative control
strategies -
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Targets of the project and method

AEE INTEC
EXISTING SOLAR COOLING SYSTEMS SYSTEM SIMULATION
weakness analysis from monitoring Load profiles for building
air conditioning and
‘ industrial cooling

Development of

optimisation strategy Development of

improved simulation

models
Simulation of system simulation
existing systems standard configuration + DEC-wheel | Absorptions-
initial situation optimised systems with control mashine with
improvement and optimised of dynamic
of recooling configurations I rotor speed behaviour
technology
Definition of appropriate
performance indicators for solar
thermal cooling
v Life Cycle
evaluation of the evaluation of the Primary Assessment
optimisation by monitoring optimisation by energy |==» Analysis for 2
data calculated performance balance systems
(performance indicators) indicators *
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New simulation models for SHC-
components

AEE INTEC

« DEC-Rotor
Speed dependant desiccant wheel

Development of a new TRNSYS type considering the rotor
speed for dehumidification effectiveness

The mathematical model is based
on effectiveness parameters
of the desiccant wheel
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New simulation models for SHC-
components

AEE INTEC

Absorption machine NH5-H,O 19 kW (Pink) was exactly
measured, including the OnOff-behaviour and the internal
states (TU Graz)

Simulation model based on characteristic curves:

= matrix with ca. 9000 states of operating conditions
(temperatures and mass flow rates)

= Considering thermal inertia and g

internal state of the chiller,
modelling a dynamic
power control is possible

¥ = A new TRNSYS type 1002
was developed, tested
and is now available

CcooL CHILLED
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Comparison between different configurations

Simulations were carried out for 3 different solar cooling
systems, everyone with several configurations and control
strategies, in order to compare a , standard configuration" with
optimized configurations in terms of covered cooling load and
primary energy consumption:

» Air conditioning for buildings with DEC - Air Handling Unit

« Delivering of chilled water (base load) with Absorption Chiller
H,O/LiBr, 1470 kW

e Air conditioning for buildings with NH3/H20 chiller, 19kW
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Comparison between different configurations by
simulation - DEC AHU
1. case:
DEC-AHU (AIT)

utilitiy: office and hotel, with climatic conditions of Vienna, Athens, Kairo
and Honolulu

Solar assisted DEC-system

Details:

“"Results of system configurations
to optimize solar-driven Desiccant
Evaporative Cooling Systems

in full year operation”

Anita Preisler, Markus Brychta

SHC 2013 Freiburg

=

T —
Quelle: AIT

Quelle: AIT
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Comparison between different configurations by
simulation - large system

2. case:
United World Campus Singapur 1,5 MW Absorption Chiller

e Calculation of the suitable collector area (originally it's too small) and appropriate
design of the whole solar plant

« Power control for part load operation

E_DHW Q_DHWgas

Summary: large SC systems o.so . T4

(>1000kW) for base load can reach /—- o o [l
>50% PE-saving with optimized o S—D e
E_DHW E_DHW
component design and simple co,,c,,,,.,,y R—— prsen g
control strategies in confront to a - . _.,_.*.
ECT vl =
conventional chiller with SPF,, = 6. Cooling  [™vt|  Aeer __.1......
- AN 60 m* E_sC &ac
Solar assisted systems astore 5 T .__-;“"_..«—w.
. . . . 1670 m* s )
in such size and application s Satowin 4
14T0KW

can reach SPF, > 12 (at least)
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| Comparison between different configurations by
simulation: small systems

Flat plate collectors Wet cooling tower

high-performance Porw @
AcoII= 64 m? \j

I:’Coll
VHT_tank P
I:)Sol =2md . .
Chilled water-
Z'—@— (LT)Tank Fan coils
HXq,, 500- 2000 |
O—
Py
@ Absorption chiller P distrib.
= NH,/H,0, 19 kW
heat| aux (Backup-
compression
Backup-heat source (Gas burner) chiller)
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o Comparison between different configurations by
simulation: small systems

Well known performance indicators : SPF,,, SPF,, PER
New: SPF_el_equ

- the electrical Seasonal Performance Factor which should have a
conventional chiller, for work with the same primary energy
efficiency as the solar thermal cold production.

PE Rsc_only

SPFyqy =
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. Comparison between different configurations by simulation:
pred small systems — validation of all investigated configurations

80%
f_save
60%
40%
f_save[-] 20% -
0%
-20%
-40%
—m—f_save | -02% | -13% | -05% | -12% | -26% | -32% @ -09% | -14% @ 46% | 32% | 42% = 37% | 48%  61%
9 . PER, SFcool [-] 45
8 4
7 - - 3.5
6 3
5 - 2.5
SPFel [-
[-] 4 -2
3 15
2 - 1
1 - 0.5
o - . 1o
KKM | KKM
TT | TLT -
10°C | 15°C
Referenz ONOFF ONOFF PLI Wien Athen Athen
1 Sensor 2 Sensors 2 Sens PLI
Gas Backup El backup BTA‘B%L EL noBU
DSPFel_sc-only 0 | o0 | 541 | 524 607 | 578 | 518 | 502 | 642 | 608 667 | 482 | 605 6.68 842 849
B SPFel_equ 2.8 3.3 | 274 | 247 267 | 251 221 | 212 258 | 244 667 | 482 | 605 | 668 842 849
® PER_sc-only 0 0 216 | 209 | 243 | 231 | 207 | 201 257 243 267 193 | 242 267 337 3.40
EPERc (inkl. Back-Up) 1.12 | 1.32 110 099 | 107 A 100 089 085 | 103 098 208 | 164 193 211 254 340
@ SFcool 0 0 ‘ 0.81 0.79 0.79 0.78 0.73 0.73 0.76 0.76 0.80 0.76 0.78 ‘ 0.81 0.84 1.00
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Optimisation of operation of existing plants

Optimisation of the control strategy for solar assisted office
Desiccant Cooling in Vienna (ENERGYbase)

(285m2 collector area, 2x 8860 m=3 air flow rate)

‘Fﬂllnm = _

th—-».—'A . = =7y . - =

In spring 2013 the whole control system was re-programmed, to
better regulate the temperature and humidity of the inlet air

The system works now without failure...
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Life Cycle Analysis for optimised systems

Two systems with absorption chiller (19 kW and 1450 kW)
was investigated in ,standard™ and optimised configurations

The non-renewable primary energy consumption and the
greenhouse emissions in the whole life cycle was calculated in
comparison to a compression chiller system and to ones fed
by PV-panels

Results: The optimised systems (with dynamic power control
and adapted components), due to the PE-saving in their
operational phase, are able to compense the higher
environmental impact in their production phase and end-of-life
phase (saving potential 35 - 50%)
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Results of the research project

new types for a sorption wheel and an absorption chiller with
dynamic behaviour are available, able to present the features of
the components which are relevant for control strategies.

comparison of DEC systems in offices at various climatic
conditions showed particulary high potential of Primary Energy
saving in climates as Vienna thanks to recovery of humidity in
the heating season.

simulations of systems with small absorption chiller (20 kW) for
office cooling shows ca. 30% higher energy efficiency in Athens
(SPF sc = 8,5) compared to Vienna(SPF, sc = 6,5).
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Results of the research project

The optimisation potential of the system with small absorption
chiller by means of dynamic power control, without LT-tank and
without fossil hot BackUp was calculated with 40%

(SPF, sc from 4,8 to 6,7, climatic conditions of Vienna).

The optimisation potential of the system with large absorption
chiller 1,5 MW by means of adaption of collector area, tank
capacity and dynamic power control was calculated with 60%
(SPF sc from 7 to 11) errechnet.

Improvements of monitored systems with small absorption
chiller caused primary energy saving potential until 60%

A prototype for an efficient and low-cost cooling tower (26 kW)
was developed and tested.
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Further necessity of research

futher exhaustion of the dynamic power control

Further reduction of primary energy consumption for thermal
cooling can be reached with better interaction between building
control and system control;

Economical optimisation of system configurations

Improvement of reliability of heat rejection including water
treatment for open cooling towers

Extension of the investigations of solar thermal systems to
solarelectrical systems, and to combinations of both (hybrid
cooling Isystems)
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