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Introduction
Small scale (solar) thermally driven cooling systems (STCS) usually feature two
drawbacks which lead to reduced electric efficiency:

+ systems with absorption chillers provide no means of adapting the chilling
capacity to the actual cooling load. This leads to cycling and thus inefficient
system operation when the cooling load is below the actual chilling capacity

» the auxiliary electricity consumption of the circulating pumps (and frequently
also the heat rejection fan) is kept constant, even when the available
boundary conditions only require/allow a fraction of the nominal chilling
capacity

One goal of the German project “SolaRUlck” is to develop generic control algorithms
which tackle both issues. The chosen approach and the obtainable benefits for
systems with a PINK absorption chiller are presented in the following.

Methodology

Basis for this study is a solar thermal cooling system set up in the simulation
environment TRNSYS. A standard system configuration for cooling-only operation
was selected and component sizes were defined according to rules of thumb (e.g.
3.5m2 of aperture area). For key components detailed (partly physical models) were
chosen in order to obtain results as close to real system performance as possible:

e Collector Type: 832v502, parametrized as single glazed flat plate collector [1]

e Absorption chiller: Type 1002v2, model of the PINK PSC 19 kW chiller [2]



e Dry cooler, parametrized based on measurement data of the Sortech RCSO08,
scalable; closed wet cooling tower, parametrized with down-scaled data of
Baltimore Aircoil VX1215-3: Type 821 [3]
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Figure 1. Sketch of the system configuration;

The cooling load is represented by load profiles of an office building generated with
weather data of Freiburg/Germany, Madrid/Spain and Palermo/Italy in independent
TRNSYS simulations. For each location different ratios of nominal capacity of the
thermally driven chiller (TDC) to peak cooling load of 25%/60%/75% are considered
by scaling the load profile. If the TDC cannot meet the entire cooling load a
modulating backup chiller takes over the remaining load.
The solar thermal part has a standard control strategy which remains untouched
throughout the entire study. The cooling system operates

a) if the temperature in the hot buffer is sufficient to drive the chiller AND

b) if the outlet temperature of the cold buffer approaches the set value for the

cold water supply of 10°C AND

c) if there is cooling demand.
In the reference case (Mode 0) the 3 pumps around the chiller and the heat rejection
fan operate at full speed. For the new control strategies described in the following
table, the first objective is to provide a constant cold water outlet temperature of 10°C

independently of the boundary conditions (driving/cooling water temperature and



cooling load). In mode 3 the controller has 2 degrees of freedom, so the second
objective is to do so with minimal electricity consumption.

The specific set values for the actors are calculated by a controller which disposes of
characteristic equations describing the performance of the relevant components

(TDC, cooling tower and cooling water pump) under arbitrary boundary conditions.

Table 1: Overview of studied control strategies; MT: middle temperature (cooling water circuit),

CT: cooling tower

Mode 1 2 3
Controlled _ TwmT.ins
_ TwmT,in Mmt _
variable(s) Mt
Controlled CT fan,
CT fan MT pump
actor(s) MT pump

Additionally a function has been implemented which limits the control range of the
controlled actor to values which yield an eEER of the STCS not below 4.

Results

The electric Energy Efficiency Ratio (eEER) of the overall system is used to evaluate
the impact of each mode. It is defined as the quotient of provided cold over total
electricity consumption (including all pumps, fan, TDC and backup chiller) for a
certain period of time.

In a first step results of a single day with closed cooling tower are presented in detail
to illustrate the functioning of the each mode (figure 2). In the reference the TDC is
turned on and off 9 times during the course of the day because the cooling load is
well below the nominal cooling capacity of the chiller (19kW). In the 3 other modes
the cooling capacity is adapted to the load be controlling either the fan speed (Mode
1), the cooling water (CW) pump speed (Mode 2) or both (Mode 3). The performance
results prove the effect of each variant: with Mode 1 the chiller needs to cycle only at
very low cooling loads since the chilling capacity can be modulated in a wide range
by lowering the fan speed and therefore increasing the cooling water temperature.
As a consequence the electricity consumption of the fan drops significantly. The
increase in electricity consumption of the remaining components indicates that the
operation time of the system is extended by ~20%. Mode 2 has a lower potential for

power modulation but reduces on/off cycles to 5. Additionally the CW pump



consumes much less electricity. Mode 3 allows adapting the chilling capacity to the

load very well; additionally the electricity consumption of the fan and CW pump is

decreased significantly although the system operates approximately 20% longer.
Thereby the eEER of the STCS can be increased from 7.4 to 8.7 (+18%). The eEER

of the overall system (including backup and cold distribution pump) grows from 5.7 to

6.3 (+10%).
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Figure 2: 1-day details on system operation in different control modes; E_const: electricity for hot
and chilled water pumps and chiller, E_P_Spray: electricity for spray pump of cooling tower,
E_P_CW: electricity for cooling water pump, E_Fan: electricity for fan

To obtain a more global impression of the impact of the studied control strategies, in

the next step 5-day-periods were simulated. Each data point corresponds to a

specific combination of climate (Freiburg, Madrid, Palermo), TDC capacity to peak



load ratio (25%/60%/75%) and load to irradiation ratio (low/medium/high). Thus a

wide range of possible solar fractions is covered.
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Figure 3: Results of the parameter variation for 5-day-periods; top: eEER of STCS vs. solar
fraction; bottom overall eEER vs. solar fraction; left: system with closed wet cooling tower, right:
with dry cooler

The results are evaluated by means of the eEER of the respective control mode
compared to the reference control strategy (Mode 0). A value above 1 means, that
the system with the respective strategy requires less electricity than the reference to
produce the same amount of cold. The results show clear trends but the scattering
around them gives an impression of the effect of climate (especially ambient
temperature and humidity which are essential for dissipating the waste heat). Despite
this uncertainty it can be deduced that:
¢ Potential savings are higher in systems with dry cooler (up to 25%) than with
wet cooler (max. 10...15%) because the dry cooler fan constitutes a higher
share of the total electricity consumption of the systems.
e The potential for savings due to optimized control increases with the solar
fraction of the considered operation period, because then the systems

frequently operate in part load.



¢ In systems with low solar fractions high savings can be obtained regarding the
eEER of the STCS because of the limitation of the control range to values
above 4. Since the remaining cooling load is covered by a backup chiller, this
positive effect is largely counterbalanced when looking at the overall eEER.

e The control of the cooling water pump alone yields no noticeable benefit; yet
the combined control of heat rejection fan and cooling water pump in part load
operation is attractive because a reduced cooling water flow may lead to an
increased outlet temperature which makes the cooling tower work more
efficiently.

Conclusions

It could be shown that the load dependent control of the heat rejection fan can

increase the electric efficiency of a STCS in an exemplary system with PINK chiller.

The additional control of the cooling water pump can further boost this effect.

Obtainable savings depend strongly on the dimensioning of the system and the

climatic conditions.

Since other chillers may react more sensitive or differently to varying cooling water

temperatures and flows, this behavior must be verified for other machines. All that is

needed are characteristic equations of the TDC, the CW pump and the cooling

tower, which need to implemented into the developed control algorithm.

Practical test with real STCS are taking place during the summer of 2015 to confirm

these results. Further simulations will be carried out with an adsorption chiller, to

analyze investigate the potential of optimized system control taking into account the

option to vary cycle time.
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