
Get with the program 

Johnson Controls' new tool will allow end-users to accurateLy 

simulate C02 systems. ALex Pachai and MichaeL Jones report 


• It is a well- known fact that transcritical 
refrigeration systems have a limit to where they 
are more efficient than other refrigerants, but how can 
this be quantified? With the new simulation tool, it is 
now possible to simulate the efficiency based on the 
application and the load profile using the actual 
climatic temperatures in the region on a year round, 
hour by hour basis. The program includes year-round 
weather data for 920 sites around the world, which 
enables the user to make calculations using local or 
near local conditions. This is probably as close as 
possible to realising the actual efficiency of the 
system. The main purpose of the software is to provide 
a package that allows the user to compare C02 
technology with other existing technologies. The 
software also includes a life cycle cost (LCC) 
capability and a total equivalent warming impact 
(TEW!) tool. 

In the program, the same cooling load is used for 
all 8,760 hours of the year as default, but the 
calculation may be based on knowledge of the actual 
plant load variations, or even eliminate some months if 
relevant. One of the elements identified was the 
problem of estimating the absorbed power over a 
certain time with a given load profile using new 
technologies. 

Transcritical systems are very new and most people 
are unfamiliar with them, so as a spinoff from the 
project, a couple of cycles were developed that show 
the user in a simple fashion what happens when 
different parameters are adjusted, with a simultaneous 
change in the COP or EER shown on tbe screcn. 

The main project output is a program called Pack 
Calculation II. The calculations in this software will 

~~The main 
purpose is 
to provide 
a package 
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of C02 
technology 
with other 
systems" 

Simulation of cold-store usin three different s stems 
Tevap = DOC and QO = 100kW 

kWh 
Site R134a 
Copenhagen 167.209 
Berlin 171.623 
Hamburg 169.106 
Mannheim 174.174 
Stuttgart 170.582 
Dublin 166.407 
Jerusalem 184.816 
Genova 183.305 
Milan 178.285 
Bergen 166.378 
Oslo 167.574 
Gotheborg 166.649 
Karlstad 166.844 
Kiruna 165.243 
Stockholm 167,703 
Aberdeen 166.168 
Birmingham 167.632 
Jersey 167.216 
London Gatwick 168.755 
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Energy savings ("101 
NH3 CO2 
25.8 16.4 
23.2 7.4 
24.7 12.3 
22.1 3.3 
24.2 9.8 
25.7 18.4 
15.9 -17.0 
15.9 -15.7 
20.3 -4.0 
28.7 22.4 
26.0 15.0 
27.4 19.6 
26.9 17.2 
31.0 26.2 
26.3 15.4 
27.7 21.3 
25.1 15.2 
23.6 14.6 
24.3 12.2 

show accumulated monthly energy consumption, 
based on selected parameters. The number of 
evaporators is not limited and thc temperatures can be 
varied across the year. 

With the life cycle cost part of the program, it is 
possible to calculate a payback time for the additional 
investment that may bc required for a system using 
natural refrigerants, provided it is more energy 
efficient. The initial cost of the system and the price of 
installation is entered, together with the annual cost for 
the service. The system uses adjustable inflation and 
interest rates, which are then assumed to be constant 
over the term. 

If comparing an air conditioning application, for 
examplc, it may only be relevant to compare the 
months when the system will be in operation . In many 
parts of the world it is possible to shut down the AC 
system from about October through to March. During 
the winter months it is possible to use outdoor air, 
perhaps after filtration and heating the fresh air. 

The program allows the user to define a .Ioad profile 
in several ways over the day. In this way the system 
can reflect the inte[Jigent building or storage design. 
Load profiling is, in many cases, the kcy to the 
accuracy of the results. 

The columns in the diagram show the accumulated 
energy per month for the compressor and the fans (and 
pump if used). This shows the benefit selecting 
different control strategies for the fans and for 
optimising the fan motor. All parameters may be 
changed in different menus, as can the efficiency of 
the motor for open type compressors. For the 
compressors, data fr0111 the manufacturer of the 
compressors are used to calculate power consumption 
and cooling capacity. 

Calculating the capacities and the estimated 
absorbed power reveals an interesting difference 
between the savings. What, in one case, looks like a 
bad investment in an isolated calculation may be a 
realistic investment in connection with a dual 
temperature system. It is therefore worthwhile 
calculating the system at the climatic conditions for 
the site where it is going to be used. 

There has to be a reason other than efficiency for 
choosing a single stage C02 system in higher 
temperature climates. A single stage ammonia chiller 
will provide the cooling much more efficiently. 
However, when it comes to lower temperatures and 
two or more staged temperature systems, it is difficult 
to produce higher efficiencies than multi-stage systems 
based on natural refrigerants . 

\! very soon becomes very clear that even though 
some countries are regarded as warm or hot, such as 
Spain, some places can beneficially operate a C02 
system. In other cases, the better option would be an 
ammonia solution. In the comparisons shown, the C02 
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values are based on transcritical operation; however, 
cascade operation can significantly improve the system 
performance as shown below. 

It is clear that in cold climates like Bergen, 
Gothenburg, Aberdeen and Dublin, transcritical 
systems will be a really good solution. Genova is 
possibly the border to the south where it makes sense 
to use transcritical systems even in two stage systems. 
Further south, cascade systems will be the best 
solution compared with R404A. The calculations show 
that it is very important to understand the application, 
the customer habits and the climate impact on the 
overall performance to find the optimal solution. 

For food companies, it is essential to know what 
the local climate will mean to the efficiency of their 
refrigeration systcms and how the running costs may 
be improved. For a given systcm, it is possible to 
choose bctween diffcrent condensing options: 
air-cooled, dry cooler, evaporative condenser etc. 

For food manufacturcrs and cold store operators, it 
is important particularly that the product temperature 
never exceeds the limits required by the foods 
standards authorities. With this software it is possible 
to determine at the planning stage if the system can 
deliver the capacity required for the process given the 
ambient temperatures encountered at the site. This is a 
benefit beyond the standards usually employeu in the 
normal method of designing a system. 

Other options 
With the new simulation tool, it is possible to select a 
design, bring it as close as possible to the actual 
system operation required, then calculate the 
performance at the actual climatic conditions for the 
location. This approach is better able to predict a 
cumulative efficiency of the system over the year and 
in the country applicable. In large geographic areas, 
the difference between locations may also be reflected 
by the calculations. 

The new method also has the possibility to use free
cooling and heat recovcry options. This is not 
currently part of the present rating systems, but the 
demand for improved building energy efficiency 
(including minimum standards in some countries) is 
expected to become mandatory. 

The system will also provide additional 
information. With information about price of electrical 
energy, cost of service and refrigerant, it is possible to 
produce the life cycle cost calculation. This is now 
much more realistic because the detailed seasonable 
energy consumption has already been calculated. 

The benefit to food storage companies 
Most food producers measure the value of their 
refrigeration equipment by how much food can be 
processed over a given time. It could be freezing, 
cooling or drying the product that is the process. 

It has often been noticed that the evaporation 
temperature of C02 is higher or, to say it in another 
way, the temperature difference between the boiling 
media and the process is smaller - in many cases it is 
4-5 K better. Of course, it is possible to use this to 
reduce the heat transfer surface and become more 
competitive, but it also enables cooling with less 
drying of the product which in many cases is desirable, 
if not a requirement. The high capacity can also be 
used to reduce the temperature of the product very 
quickly, also minimising losses. 
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Different components 
can be compared using 
the software 

Com arison of two-sta 
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Popular uses of C02 technology are for freezing 

bread and chicken, but freezing ice-cream and meat 
are also gaining popularity. The storage of fresh 
produce using C02 systems is also increasingly 
popular. A supermarket chain recently compared an 
existing NH3/glycol system with an NH3 system using 
C02 as a secondary volatile fluid . The comparison 
showed that the new plant was about the same initial 
cost or slightly cheaper, but the energy reduction 
would be in the region of 92,000 kWh per year. 

When using weather data and the anticipated load 
profile, it is possible to obtain good predictions of how 
systems will perform in practice and make more 
informed choices when selecting a new system or 
evaluating possible improvements to existing systems. 

The software is using compressor data supplied by 
compressor manufacturers and are therefore the most 
reliable values you can get. However, no outputs are 
any better than the inputs you put into the software. 
Alex Pachai and Michael Jones work for Johnson 
Controls in Denmark and the UK respectively 

e s stems 
T his table uses an R404A system as basis for a comparison between R717 

two-stage system and a two-stage CO2 system. Two cascade systems using 

R290/C02 and NH3/C02 are also compared at the same conditions. 

kWh Energy savings 1%) R290/C02 NHJ/C02 
Site R404a NH3 CO2 Cascade Cascade 

22.8 
212 
22.1 
20.2 
21.8 
21.4 
15.3 
14.6 
19.3 
24.8 
23.7 
24.4 
24.3 
28.7 
23.9 
23.6 
21.5 
19.6 
20.8 

rae 


Copenhagen 
Berlin 
Hamburg 
Mannheim 
Stuttgart 
Dublin 
Jerusalem 
Genova 
Milan 
Bergen 
Oslo 
Giitheborg 
Karlstad 
Kiruna 
Stockholm 
Aberdeen 
Birmingham 
Jersey 
London Gatwick 

716.545 
728.384 
720,886 
735,937 
725,195 
712,937 
767.278 
762.375 
747,778 
712.523 
716,305 
713,450 
714.154 
709.045 
716.675 
712.062 
716.551 
715.477 
719,845 

12.3 
11.0 
11.8 
10.3 
11.5 
11.6 
6.3 
5.6 
9.4 

14.5 
12.9 
13.7 
13.6 
17.3 
13.2 
13.4 
11.5 
9.8 

10.9 

21.8 
17.2 
19.7 
15.0 
18.4 
22.6 
3.9 
4.3 

11 .2 
25.4 
21.3 
23.8 
22.6 
28.0 
21 .6 
24.6 
21.0 
20.3 
19.4 

22.3 
20.7 
21.6 
19.8 
21.3 
21.6 
15.3 
14.8 
18.7 
24.6 
22.8 
23.7 
23.5 
27.2 
23.1 
23.5 
21.5 
19.8 
20.9 
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