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Abstract 
The objective of this paper is to analyse what the possible benefits and risks could be when 
adding Concrete Core Activation (CCA) to classical air-conditioned buildings in a ‘hot and 
humid’ climate. The characteristics of hot humid zones are completely different to those of 
temperate climates where many years of trial and error with different air based or radiant 
HVAC systems have led to near optimal operation.  
The presented work is a simulation study comparing classical HVAC concepts to CCA assisted 
concepts in a reference building. The studied building is located in Singapore. With its low 
latitude of 1°17’N causing high solar radiation and the proximity of large natural water 
surfaces, Singapore has a climate with high humidity levels and hot daily mean temperatures. 
The use of CCA changes the complete performance of the system and the energy consumption of 
the building in a positive way. When CCA is added energy consumption, operating costs, ACRs 
and degree-days are reduced. Even improved AC models can’t reach the same results as a 
worsened A+C model.  
When changing parameters the models with and without CCA reacted in a different way. The 
changes in the performance of A+C models were much less pronounced than the reaction of AC 
models. The possibility to improve or worsen a model is much greater for AC models than for 
A+C models.  
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1. Introduction  

Concrete core activation (CCA), a form of thermally activated building systems 
(TABS) where hydronic circuits are included in the concrete structure of a building, is a 
high surface area heating or cooling system. Due to this, the temperature difference 
between the water in the system and the indoor environment can be kept very small and 
the heat or cold can be produced at very high efficiency. For this reason, CCA has 
become very popular in the moderate climate region of Europe. 

Large parts of the world population, however, lives in a hot and humid climate 
region, such as South-East Asia, central America or central Afrika, as is shown in figure 
1. In these regions, All-air systems dominate the HVAC market. In this paper, we 



investigate the potential of CCA to provide adequate thermal comfort at higher 
efficiencies under such climate conditions using dynamic simulations of a medium 
sized office building and an accompanying sensitivity analysis.  

 

 
Fig. 1  world climate classification according to Köppen [1] 

2. Methods 

The building considered in this paper is an existing freestanding office building 
built in Brugge, Belgium. It consists of 6 levels: a collective ground floor and rooftop 
level and 4 office levels in between. The office levels have a net surface of around 
700m2 and consist of different rooms for different types of business activities. All levels 
have a similar structure with collective meeting rooms in an L-shape in the southern 
and western part while open plan offices are organised at the northern and eastern 
façades. The center of every level consists of small bureaus, storage rooms, toilets and 
horizontal or vertical circulation. There is also a large staircase in the south-western 
corner of the building that connects all levels. 

Since the office levels have a similar construction and distribution of functions, for 
calculation and parameter analysis only office level 3 will be simulated. A typical 
floorplan of the building is shown in figure 2. The building was modeled in TRNSYS 
with both an all-air and a CCA + VAV system. The main modeling assumptions are 
summarized in figure 3 and the variations used in the sensitivity analysis are listed in 
figure 4. Further details about the modeling can be found in [2] and [3]. 



 
Fig. 2  Third floor of the reference building 

  



 

 
Fig. 3  Modeling parameters for the basic model 



 
Fig. 4  Variations in the sensitivity analysis 

 

In office buildings the HVAC system has the function to change the room’s indoor 
climate to comfortable conditions. Determining the condition that the average employee 
will regard as comfortable isn’t as easy as it sounds. Many studies regarding human 
indoor comfort have determined many formulas but they all can be grouped in 2 
categories: static and adaptive comfort models. 

The static and most commonly used comfort model is Fanger’s PMV-model [5-7]. 
It tries to predict which percentage of the people will be (dis)satisfied with the indoor 
climate and is based upon activity levels, clothing, radiant and ambient temperatures, 
humidity and air velocity. PMV’s major problem is not taking the outdoor temperatures 
into account.  

Adaptive comfort models [8-15] attempt to solve this but in most cases create 
models that have to be calibrated according to the tested area and climate. Nevertheless 
Nicole and Humphreys’ and De Dear and Brager’s models were adopted in American 
standard ASHRAE55 and in European standard EN14541 besides Fanger’s PMV 
model [16-19]. 

Regarding HVAC an office building in a hot and humid climate will need yearlong 
cooling and dehumifying in order to obtain comfort according to any of the discussed 
comfort models. The different systems were studied in within the bounderies of the 
PMV and the Nicole and Humphreys comfort model. 

 
  



3. Results 

For each of the simulations made, the yearly energy use for the operation of the 
chillers, fans, circulation pumps and cooling tower pumps was calculated. The 
distribution of these energy uses for the base case scenario is listed in figure  

 
Fig. 5  Energy used by chillers, fans and pumps over the course of 1 year in the base case scenario, in kWh 

 Applying a ‘one at the time’ sensitivity analysis, the robustness of the performance 
of the system is investigated and compared to that of a traditional all-air system.  
 

 
Fig. 6  Energy used by chillers, fans and pumps over the course of 1 year for the all air and the CCA assisted 

system for 80-60-40-20 % of glazing 

  



In figure 6, for example, the energy use of the all-air system is compared to that of 
the CCA assisted system for different amounts of glazing in the building envelope, 
ranging from 80% to 20%. In each of the studied situations, the CCA assisted systems 
saves a substantial amount of energy, and these energy savings are relatively more 
important the higher the original cooling load is. 

 
Additionally, the CCA assisted system also achieved more acceptable indoor 

temperatures and a reduced air change rate, as is shown in figure 7. 

 
Fig. 7  Degree-days per year exceeding the comfort theashold and average air change rate for the all air and 

the CCA assisted system for 80-60-40-20 % of glazing 

 
Additionally, the application of a CCA system in a naturally ventilated building was 
studied. Naturally ventilated buildings are typically the lower end of the market, and 
the thermal comfort is much worse than that of all air systems since they do not have 
active cooling. Adding CCA improves comfort at a minimal energy cost (figure 8). 
 

  
Fig. 8  Degree-days per year exceeding the threashold and energy use in naturally ventilated building   

  102 

 

Although the change in the glass fraction is linear, the change in energy consumption isn’t. The step change 

between 20% and 40% is in both cases smaller than the change between 40% and 60% or 60% and 80%. This 

may be caused by the fact that a decrease in glass fraction, also means an increase of building mass. The building 

mass will damp the changes, as the CCA will.  

Less windows also mean the total U-value of the walls will rise, which corresponds with an increase of 

insulation. As discussed in the section above, an increase of the insulation will improve the operation of the 

CCA. In contrast to the doubling of the insulation thichness, the differences are more pronounced because the 

increase of overall U-value is much bigger here. 

Another reason why the change isn’t linear can be found in the fact that the energy consumption curve of the 

fans isn’t linear but tends to quadratic. When the fans need to work more, the energy consumption wil rise 

quadraticly. 

The fans were kept the same for all the simulations so comparisons can be made more correctly. In real life, the 

dimensions of the fans will change, when another building is chosen or when the building design – and thus the 

cooling designload – is changed. Looking at the fan consumption one can see that the rise follows the quadratic 

performance curve. 

  
 Chart 32: Degree days [DD/yr] Chart 33: Average ACR for Meeting and Office rooms [/h] 

 

Looking at the Degree Days, the change follows the same line as the energy consumption. As Degree Days rise, 

the system won’t be able to react to sudden changes. So a system with a lot of air changes and high solar gains, 

will be less reliable. 

 

An interesting final remark can be made about the air change rates. In contrast to the other system values, step 

changes in glass fraction don’t have the same effect on the air change rates. ACRs seem to be damped towards 

higher glass percentages. Also, the difference between the ventilation rates in meeting rooms and office rooms 

decreases when glass percentages rise. An explanation can be that when solar gains are very high and air changes 

rise, the internal gains from people, computers, lightning, etc. take a much smaller part of the total heat gains, 
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                Chart 78: Degree days [DD/yr] Chart 79: Degree days [DD/yr] (NV, NV+CCA) 

2.1.6 Terrace depth (0m !  1 and 3m) 

 
The terrace depth was one of the parameters with the most influence on the system. Adding 1m ment a very 

significant change in all studied parameters. The addition of 2 more meters of terrace didn’t have a proportional 

decrease in values so it was concluded that a terrace between 1 and 3m will be optimal. 

 

Results: 
The changes in terrace depths produce the same percentage difference as for the Tref25 simulations. As the 

absolute values are different for all systems, the difference will be more pronounced for the as for the Tref25 

simulations and the AC models. 

 

 
Chart 80: Energy consumption [kWh/yr] 

A reduction of the degree days for A+C results in more negative degree days. Meanwhile there is almost no 

change in ventilation rates. The ventilation rates are almost minimal for the offices. In the meeting rooms the 

minimal air flow rate isn’t enough to cool the room to comfort temperatures because there is a larger density of 

25,9 

31,6 

34,7 

0,69 1,00 1,37 

0 

10 

20 

30 

40 

AC BF05 BF03 A+C BF05 BF03 

2289,6 

2831,7 

3111,2 

371,3 
553,6 

663,4 

0 

500 

1000 

1500 

2000 

2500 

3000 

3500 

NV BF05 BF03 NV+CCA BF05 BF03 

0 

5000 

10000 

15000 

20000 

25000 

30000 

35000 

40000 

AC TERR1 TERR3 A+C TERR1 TERR3 N+C TERR1 TERR3 

131   

CCA apparently are much more dependent on static conditions. When being exposed to sudden changes the 

CCA, even with aid of mechnically distributed cooled air, can’t react. A large part of the time the A+C model 

has very low ACRs, leaning towards the minimal hygienic rate. The AC model still has high ACRs and is more 

able to react to changes. 

 

With 20% glass the average temperature of the N+C model drops to 29°C which is as low as the temperature of 

the mechnically cooled models. The degree days also decrease. The downside of this is that as the temperature 

lessens, the relative humidity rises and so does the MRF. With 20% glass temperatures will be comfortable but 

molds will grow in 110 days. With 80% glass there will be no mold growth possibe because the temperature 

rises to 31°C. This causes the HI to rise to 36°C which is inside the “extreme caution” category. The HI of the 

80% NV building will rise to the “danger” category. This means a building with NV and 80% glass is practically 

impossible to work in. 

 

2.1.4 Glass type (g=0,61 !  0,40) 
The glass type change had major effects for the AC and A+C model for Tref25. The impact for the AC (-26% 

energy consumption) was almost double of the one for A+C (-12%). 

 

Results: 

 
Chart 77: Energy consumption [kWh/yr] 

 

The change is almost the same for A+C as for Tref25 while the difference between the AC models increases to 

33%. The N+C model also shows a larger difference than the A+C model. The difference for the AC model is 

simple to explain: when solar radiation lowers, the AHU has less air flow to control. Meanwhile the Tref29 is 

closer to atmospheric temperatures so transmission is also smaller. 

 

Regarding the thermal discomfort, al the models have big reductions of their degree days. Although both CCA 

models have lower degree days initially, their reduction of degree days is relatively larger as compared to the 

reduction for air cooled models. A problem occuring with the A+C model is that the reduction of positive degree 

days also translates to an increase of negative degree days. Apparently as the A+C model relies less on air 

cooling or heating, the reaction time to changes is lower as compared to the AC model.  
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4. Conclusions 

The objective of this paper was to analyse what the possible benefits and risks could be 
when adding Concrete Core Activation to classical air-conditioned buildings in a ‘hot 
and humid’ climate. The characteristics 
of hot humid zones are completely different to those of temperate climates where many 
years of trial and error with different air based or radiant HVAC systems have led to 
near optimal operation. 
The studied building is located in Singapore. With its low latitude of 1°17’N causing 
high solar radiation and the proximity of large natural water  
surfaces, Singapore has a climate with high humidity levels and hot daily mean 
temperatures. The monotonous climate without pronounced seasons can be classified as 
‘Tropical’ or Aw according to Köppen’s climate classification. 
In order to assess the risks and benefits of CCA, two types of air based models were 
studied: naturally ventilated and air conditioned building, both with and without the 
addition of CCA. After extensive parameter study several conclusions were made for 
the mechanically cooled buildings: 

 
• The use of CCA changes the complete performance of the system and the 

energy consumption of the building in a positive way. When CCA is 
added energy consumption, operating costs, ACRs and degree-days are 
reduced. 

• Even improved AC models can’t reach the same results as a worsened 
A+C model. 

• When changing parameters the models with and without CCA reacted in a 
different way. The changes in the performance of A+C models were much 
less pronounced than the reaction of AC models. The possibility to 
improve or worsen a model is much greater for AC models than for A+C 
models. 

• The main source of heat load on the building is the solar radiation. Even 
when partly removed the system’s performance changed profoundly. The 
addition of terraces, that function as fixed solar shading, and installment 
of glass with a low solar transmission will result in a vast improvement of 
the building’s energy consumption and indoor comfort. 

• The A+C models have much lower degree-days. As the model’s reference 
temperature is set to be 1°C below the upper limit of the comfort models, 
this means that the addition of CCA will result in a system that can better 
counteract internal or external changes that increase the cooling load. 
CCA is much more dominant than AC: high ACRs don’t correspond to 
fewer degree-days, nor do they correspond to high energy consumption. 

• In moderate climates nocturnal temperatures will be generally lower than 
the inside comfort temperatures. 

  



Though in tropical climates the nighttime temperatures will sometimes be inside or 
just below lower comfort temperatures. This changes the function of some typically 
important elements in moderate climates like thermal insulation, infiltration or 
nighttime natural ventilation. When defining a supply water temperature for CCA it is 
important that this temperature is above the dewpoint of the inside air to avoid 
condensation, but when it’s also above the average nighttime temperature it will benefit 
from transmission losses to the outside environment. 

Naturally ventilated buildings function in a completely different manner as regards 
to composition, façade design, air supply and exhaust locations, etc. The results for 
these NV buildings are not even in the range to the results of the mechanically cooled 
buildings. The same building related conclusions that are valid for mechanically cooled 
buildings are also valid for NV buildings. 

An important problem with cooling buildings with natural ventilation is that every 
improvement of the thermal comfort by (for example the addition of CCA) might have 
very negative consequences regarding mold growth. 

There has to be specific attention when designing rooms that could be cool but at 
the same time supplied by untreated air. 
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