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Modelling Polygeneration with Desiccant Cooling System for 

Tropical (and Sub Tropical) Climates 
 

Abstract 

 Space cooling has become a necessity in tropical countries. Maintaining 
comfortable indoor conditions in industrial environments incur high energy bills 
due to heavy dependency on electrically operated air conditioning systems. In 
order to explore ways and means to improve the energy efficiency and alterna-
tive energy resources, a feasibility study was conducted using a transient simu-
lation software TRNSYS to implement a combined cooling, heating and power 
system suitable for a tropical country.  

 It is proven from the literature search that desiccant dehumidification in 
conjunction with evaporative coolers can reduce air conditioning operating costs 
significantly since the energy required to power a desiccant cooling system is 
small and the source of this required energy can be diverse.(Low exergy heat 
such as solar, waste heat and natural gas)  

 This research is conducted to evaluate the performance and applicability 
of desiccant cooling systems under tropical climatic conditions. Two operating 
modes; ventilation and recirculation modes of solid desiccants based open cy-
cle air conditioning that use waste heat from a CHP plant are analysed to un-
derstand their operating ranges, performances and applicability. The model de-
veloped is used to propose a suitable desiccant cooling system for a selected 
industry environment in Sri Lanka. Preliminary results obtained by a parametric 
analysis for weather data for Colombo, Sri Lanka shows 0.95 and 1.02 optimum 
coefficients of performance for the ventilation and recirculation modes respec-
tively when heat is available at 85°C. Based on the comparisons of the analysis 
it is seen that the desiccant cooling appears to be a logical supplement for 
space cooling applications in tropical climates like Sri Lanka. And for the case 
study taken to investigate can be proposed with a desiccant cooling system with 
a hot water storage as the energy supply and it can maintain a COP of about 
0.48 under tropical weather conditions. 
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List of Abbreviations 
 
A 
ASHRAE 
 
Cpda 

Cpg 
Cpwl 
Cpwv 
CHP 
CCHP 
CEB 
COP 
Fi 
had 

hda 

hdm 

hg 
hHT 
hMT 
hm 
hvap 

hwl 
hwv 
Hm 
J 
 
KTH 
 
L 
mg 
Mm 

MGT 
MSW 

Surface area associated hHT and hMT 

American Society of Heating Refrigerating and Air-
conditioning Engineers 
Specific heat of dry air 
Specific heat of gas 
Specific heat of liquid water  
Specific heat of water vapour 
Combined heat and power 
Combine cooling, heating and power 
Ceylon Electricity Board 
Coefficient of Performance 
ith characteristic potential 
Enthalpy of adsorbed water 
Specific enthalpy of dry air 
Enthalpy of the dry matrix 
Enthalpy of gas 
Heat transfer coefficient 
Water vapour transfer coefficient of moist air stream 
Enthalpy of the matrix 
Specific heat of vapourization 
Specific enthalpy of liquid water  
Specific enthalpy of water vapour 
Enthalpy of matrix 
Lumped matrix fluid film transfer coefficient per unit mass of 
fluid 
Kungliga Tekniska Hogskoolan (Royal Institute of Technolo-
gy) 
Passage length in fluid flow direction 
Mass flow rate of gas 
Mass of desiccant matrix 
Micro Gas Turbine 
Municipal Solid Waste 
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Ps-wv 

Pwv 

R 
SLSEA 
t 
T 
Tdew 

TDC 
Tg 
Tm 

w 
wm 

wmax 
WHO 
x 
 
 

Partial pressure of water vapour at saturation 
Partial pressure of water vapour in the air 
Separation factor that defines the isotherm shape 
Sri Lanka Sustainable Energy Authority 
Time from beginning of period 
Thermodynamic temperature 
Dew point temperature 
Thermally Driven Cooling 
Temperature of gas 
Temperature of matrix 
Humidity ratio 
Moisture content of matrix 
Loading of desiccant at 100% relative humidity 
World Health Organisation 
Distance from matrix inlet flow direction 
 

Units 
 
⁰C 
J/kg 

Degree Celcius 
Joules per kilogram 

kg kilogram 
kg/kgda kilogram per kilogram of dry air 
kJ/kg kilojoules per kilogram 
kg/s kilogram per second 
kPa 
K 
kJ/kg.K 

kilopascal 
Degree Kelvin 
kilojoules per kilogram per degree Kelvin 

m2 Square meters 
W/m2K Watt per square meter per Kelvin 
s Seconds 
  
  
Greek symbols  
  
Φ Relative humidity 
γ ith specific capacity ratio 
µ Matrix mass divided by fluid mass contained in matrix 
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1  IN T R O D U C T IO N  

 Sri Lanka is an island situated in Indian Ocean which has no proven fos-
sil fuels or coal resources. Major portion of the islands electricity demand was 
met by hydropower generation and the rest was produced by thermal means 
until the year 2007. The demand for electricity in the country has increased ex-
ponentially over the years. As at today it escalates at 7% per year doubling the 
demand in every 10 years. [1, 2] The existing hydropower energy sources are 
being exploited to its maximum capacity. However much it contributes the elec-
tricity generation by petroleum and coal based to the global warming and envi-
ronmental pollution the fuel choice for intermediate and peak load operation 
needs to be petroleum based. According to Ceylon Electricity Board (CEB) rec-
ords in year 2010 the electricity generation by thermal means is the dominating 
source of energy supply for electricity generation in the country (1290 MW – 
thermal and 1207 MW – hydro electricity). Sri Lanka is heavily dependent on 
energy imports especially in the electricity and transport sector. Next 15 years 
the only fuel option for thermal generation the country’s electricity industry has 
with regards to base-load operation is coal. [3] The installed capacity of elec-
tricity is 2684 MW and the peak demand is around 1800 MW. And the peak load 
appears to be from 7-11 in the night.  

 

Fig 1-1. Sri Lanka electricity consumption by sector as at year 2007 [4] 
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 Due to the tropical climate in the country the space cooling has become 
a necessity, which in the same time is most critical energy intensive activity both 
in industrial and residential sectors. Therefore it is essential that Sri Lanka ex-
plore means of improving efficiency of energy use, asses the feasibility of using 
alternative cleaner energy sources and examine new avenues for renewable 
energy sources within the country. One such concept could be the implementa-
tion of so-called trigeneration, or the combined production of cold, heat and 
power. (CCHP) 

 One does not find records of any CCHP applications in Sri Lanka. There 
may be applications and studies done in mini scale implementations as demon-
strations of personal interest of individuals. There were no such policies or pro-
posals either during last 30 years or even in the history beyond in the country. 
Recent developments in the country show considerable interest in new projects 
to utilize waste heat in trigeneration. The few thermal power plants in the coun-
try also do not use waste heat for any purpose except use that in combined cy-
cle steam generation for power production to generate electricity in certain 
plants or just wasted in few others. 

 Reviewing of literature for CCHP applications internationally provide evi-
dence that there are CCHP projects which function successfully in different 
scales in developed countries. “PolySMART” is a good example in “Polygenera-
tion with advanced small and medium scale thermally driven air-conditioning 
and refrigeration technology”. [5] 

 Background: 

 Background for the study is in the interest of comfort cooling in industrial 
environments, particularly in the apparel sector. Sri Lankan apparel industry has 
boomed to a peak in recent years with the export market and the comfortable 
working environment. It has a larger share in the local economy. And it is one of 
the energy intensive sectors of the country. Most of these garment factories are 
situated in the western province of the country and few others are located in 
other parts of the country. Being a tropical country, Sri Lanka experiences an 
average temperature of 28-31°C throughout the year.  

 It is hardly any heating in these climates but cooling is highly necessary 
for comfortable working environment. Air conditioning is the major energy con-
sumer which records an average of 46% [6] of the total energy consumed in the 
apparel sector. Air conditioning or rather the comfort cooling the production floor 
areas appears to be the most expensive event for these and assessments re-
veals that it is in the range of 40-65% of the total energy consumed. And studies 
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show that there is a potential of energy saving of 15-30% in the apparel sector 
and from the total generation of electricity and total peak load could be avoided 
by using efficient appliances for about 18% such as air conditioners and energy 
efficient lamps. [1]  

 A comfortable indoor environment means comprehensive ventilation and 
that needs not only air exchange but also in many cases indoor humidity control 
with temperature. Usually the occupants in hot tropical working environments 
use air conditioning systems to maintain or rather reduce the temperature and 
moisture levels. These systems use huge amounts of electricity, which is ex-
pensive and contribute to many adverse effects of the environment. 

 There are major problems from the planning stage of these factory build-
ings to occupation and the working strategies with the cooling load to be satis-
fied through air conditioning. It is conventional vapour compression air-
conditioning that they adopt in these buildings which contributes to the global 
environment problem directly and indirectly by using fossil fuel for electricity 
generation. The country’s electricity need is by fossil fuel based generation as 
the larger share and is the most debatable question today. 

 Few factories use alternative solutions like evaporative cooling for cool-
ing needs, yet are not the best and suitable application for a tropical climate. Sri 
Lanka as defined by the Koppen climate classification has a rainfall tropical cli-
mate which means the humidity is high with temperature more than 28°C al-
ways. In the western province, the relative humidity usually is as high as 80%. 
Evaporative cooling, though reduce the temperature about 4-6 degrees it in-
creases the moisture content significantly and leads to unsuitable comfort con-
ditions. 

 There are many heat sources in the above said industrial environments 
which can be utilized to produce a profitable asset. Also the sunny climate 
where the solar heat can be captured to produce heat necessary for different 
applications since comfort cooling is a major concern in these kind of industrial 
setups. Thus, thermally driven cooling (TDC) technology will be a good option to 
consider in this scenario. None of these developed technologies are utilized in 
Sri Lanka due to the lack of knowledge, and many economical and social con-
straints. [2] 

 Another possible heat source is municipal solid waste (MSW) as biomass 
or MSW to produce bio gas also could be better options in Sri Lanka. MSW is a 
huge problem to the government with the congested populations in urban areas. 
It is usually more than 2, 300 Mt/day in western province only. There are not 
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many implementations to utilize energy from MSW to the knowledge of the au-
thor. Most of the urban councils use the practice of open dumping the waste, or 
use as landfills and a small percentage for composting. [7] 

 Then there are few biomass generation plants in the country where the 
owners have implemented them to produce electricity for their needs and the 
waste heat is just abandoned. This waste heat can be utilized in TDC’s to cater 
for their comfort cooling requirements and thus reduce the electricity consump-
tion. The small, medium and large scale industries use conventional vapour 
compression refrigeration for air conditioning. Therefore thermally driven cooling 
indeed will be the best solution to cater for the comfort cooling needs in these 
industries. This thesis presents a feasibility study to use waste heat generated 
from Combined Cooling Heat and Power (CCHP) to drive thermally driven cool-
ing systems for comfort cooling. The study is focused on designing and analyz-
ing a desiccant cooling system suitable for space cooling applications in indus-
trial buildings situated in tropical Sri Lankan climate. 

1 . 1  O b je c t i v e s  

The general objective is to carry out a feasibility study on utilizing waste 
heat in thermally driven cooling applications suitable for tropical climates. 
Thereby apply the methods in addressing comfort cooling needs in indus-
trial environments in tropical climates like Sri Lanka by utilizing waste 
heat for thermally driven cooling for a selected garment factory as a case 
study. 

Specific objectives: 

Identify the promising cooling technologies to utilize waste heat in tropical cli-
mates through a literature search. 

Model a cooling system to couple with the Polygeneration facility at KTH-HPT 
laboratory to evaluate the feasibility of utilizing the waste heat generated from 
the externally fired micro gas turbine installed in “Explore Polygeneration” pro-
ject using TRNSYS simulation software. 

Analyze a desiccant cooling system for two operating modes for different re-
generation temperatures to identify the operating ranges, performance and the 
applicability for tropical weather.  

To propose a suitable desiccant cooling system for comfort cooling for a select-
ed industrial environment  in Sri Lanka by utilizing waste heat as (lowexergy) 
thermal energy using TRNSYS simulations. And define the inputs and parame-
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ters for the proposed cooling system to overcome the cooling load of the space 
concerned. 

1 . 1 . 1  T h e  r e s e a r c h  p r o b l e m  

“Explore Polygeneration” is a project on the construction of several pol-
ygeneration demonstration units at KTH-HPT laboratory. The aim of the project 
is to setup a demonstration facility at KTH to serve different actors involved in 
different areas. This particular problem is to utilize waste heat from the external-
ly fired micro gas turbine of the polygeneration facility at KTH-HPT laboratory. 
[8]  

The Polygeneration facility installed at KTH-HPT consists of a micro-
turbine which is designed for natural gas and tested only for biogas of the bio-
logical origin. In this whole project it is expected to use renewable energy as the 
primary source and deliver the services as heat, cold and electricity. The waste 
heat will be stored as hot water storage to utilize for services such as heating 
and cooling. 

The waste heat left over after the turbine unit is to be used for various 
energy services as mentioned and this will be done as hot water storage. It is 
expected of this energy stream to be with a nominal maximum power of 15-20 
kW at 85⁰C.   

The production space of the selected garment factory is with an area of 
920 m2 with 300 employees. Considering all the equipment and heat gains and 
lighting the calculated cooling load appears to be nearly 60 kW sensible and 50 
kW of latent load.  It is expected to propose a suitable cooling system to over-
come the cooling load and use the model developed to evaluate the conditions 
in similar applications. 

1 . 1 . 2  A i m  a n d  s c o p e  

The aim of this research is therefore is to evaluate the feasibility of apply-
ing the desiccant cooling methods with polygeneration facilities suitable for trop-
ical climates like Sri Lanka. The evaluations are to be performed using the 
TRNSYS software tool developed for transient simulations based on the theo-
retical background of heat and mass transfer processes.  
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1 . 2  M e th o d o l o g y  

An extensive literature review was done to find about polygeneration, 
CCHP and TRNSYS simulations. No related records are found in this area for 
Sri Lanka as stated in the section 1. 

Then the suitable applications were identified to utilize low grade heat in 
thermally driven cooling for air conditioning and tropical climates in particular. 
Desiccant cooling was identified as the most promising application and history 
of desiccant cooling technology was reviewed through literature for understand-
ing the technology and the developments. 

Theoretical background and the research history were understood to de-
cide on the operating modes and operating conditions of open cycle desiccant 
cooling systems for air conditioning. 

Familiarizing with the modeling software TRNSYS was carried out to 
create the model for a desiccant cooling system with certain parameters and in-
puts to understand the behavior of system components and possible operating 
modes of desiccant dehumidification. Then the polygeneration facility at KTH-
HPT laboratory was modeled for a CCHP to utilize waste heat from the system 
with a desiccant cooling system. Modelling the CCHP system for polygeneration 
facility was done using the TRNSYS software.  

Basic system layout for the desiccant cooling system was identified and 
the results were analysed by a parametric study for an optimum solution by as-
signing different cooling loads as trials to the component model in the system. 
The parametric study was done by to keep the room conditions to a desired 
temperature and a humidity ratio. Simulations were performed to understand 
the operating ranges, performances and the applicability to tropical weather 
conditions. Two operating modes were analysed to compare the performances 
of the same. 

A case study was done to investigate the temperature and humidity vari-
ations in an apparel making industry in Sri Lanka where the employees experi-
ence thermal discomfort by adapting an appropriate methodology. Details are 
provided in appendix B. The data were used to model the desiccant cooling sys-
tem suitable for the garment factory concerned to achieve the required comfort 
conditions. 

Suitable inputs and parameters were proposed for a desiccant cooling 
system for the case study based on the results obtained from the modeling and 
analysis of polygeneration at KTH-HPT laboratory. 
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1 . 2 . 1  T R N S Y S  ( T r a n s i e n t  S i m u l a t i o n  S y s t e m s )  
 
 TRNSYS is a complete and extensible simulation environment for the 
transient simulation of systems, including multi-zone buildings. TRNSYS simu-
late system performance by simulating the performance of the individual com-
ponents.  

 TRNSYS is an algebraic and differential solver. It has a library of com-
mon “Energy system” components. And also the users and third-party develop-
ers can easily add custom component models, using all common languages 
(C,C++, PASCAL, FORTRAN…etc). There exist routines for input of weather 
and time-dependent forcing functions. TRNSYS applications include anything 
that requires dynamic simulation. 

 TRNSYS system is defined as a set of components and each component 
represents a process. These components are connected to accomplish a speci-
fied task. The components are also referred to as types. Each type of compo-
nent is described by a mathematical model in the TRNSYS simulation engine 
and has a set of matching proforma’s in the simulation studio. The Proforma 
has a black-box description of a component: input, parameters etc. It simulates 
system performance by simulating the performance of the individual compo-
nents.  

 There are three general types of components namely utility components 
(data readers, printers, and plotters), Equipment components (Chillers, solar 
collectors, pumps etc….), and physical phenomena components (psychromet-
rics, radiation processors and steam properties). [9, 10, 11] 

 

TRNSYS concepts: 

The black box approach is that it requires two unique types of information, those 
are, 

 Parameters – time independent quantities 

 Inputs – time dependent quantities 

(Details of the components used in modeling the system with parameters and 
inputs are given in appendix C) 
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2  S TAT E - O F -T H E - AR T  C O M B IN E D  C O O L IN G ,  
H E AT IN G  AN D  P O WE R  

2 . 1  C o n c e p t  o f  c o g e n e r a t io n  a n d  t r ig e n e ra t i o n  

Polygeneration systems are a combination of cogeneration systems and 
thermal cooling systems. The cogeneration system, also called combined heat 
and power, converts the primary energy into heat and electricity. Combined 
cooling, heating and power (CCHP) is a cogeneration technology that integrates 
thermally driven chillers to produce cooling, which is sometimes referred to as 
trigeneration.  For building applications, CCHP systems have the advantage of 
maintaining high overall energy efficiency throughout the year.  

 CCHP is a distributed generation technology that reduces the use of 
electricity from the grid by using low emission fuels such as natural gas. CCHP 
makes better use of fuels by using recovered heat to drive thermally activated 
component which results in high overall energy efficiency. CCHP systems are 
70-80% efficient in utilizing fuels, for some configurations the efficiency of the 
overall system can be as high as 90%. The high overall efficiency of CCHP sys-
tems gives this technology benefits beyond the economics, such as energy 
conservation and CO2 emission reduction. [12] 

 Design, operation and optimization of CCHP-systems is not an easy task 
since the analysis involves variables such as size of components, individual 
component efficiencies, the system operating mode, and building demand for 
power, heating and cooling loads. Operation of CCHP system depends upon 
the energy demand, electricity and thermal energy and on the magnitude of the 
demand. Basically in Thermal power generation about one third of fuel energy is 
converted to an electrical energy. The significant amount of low exergy heat en-
ergy at the range of 300°C to 500°C is released to the environment through the 
stack of the thermoelectric stations. Hence the efficiency of the thermal power 
plant is considerably low. Today there are many decent technologies to utilize 
this low exergy waste heat in an efficient manner and cogeneration is one of the 
remarkable solutions available today. Cogeneration is the technology in which 
the consecutive production and exploitation of two energy sources, electrical (or 
mechanical) and thermal, from a system utilizing the same fuel [COGEN Eu-
rope, 2006]. The electric energy produced can be used to meet the energy re-
quirement of the facility while the thermal energy can be used to meet the dry-
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ing, heating or cooling requirements. Especially in cold countries CHP produc-
tion is applied in industry and buildings where there is simultaneous demand of 
electricity and heat. In tropical climates this thermal energy can be used in 
thermally driven cooling production effectively for comfort cooling. 

2 . 2   T h e rm a l l y  d r i ve n  c o o l i n g  s y s te m s  

There are many cooling and refrigeration applications that can be cov-
ered by thermal driven cooling systems. This has recently expanded to a series 
of new technologies available or in a stage of development that can be an op-
tion in the near future. Absorption, adsorption, desiccant systems, ejector-
compressor systems are being developed for coupling with thermal heat 
sources, such as waste heat in cogeneration systems as well as renewable en-
ergy sources such as solar, geothermal and biomass. The search for new sys-
tems is directed to higher efficiency systems such as double effect or even triple 
effect systems and on the other hand the use of single stage systems that can 
operate even at lower firing temperatures than systems available ten years ago. 
A recent area of study is small capacity systems for air conditioning for small 
size commercial or domestic applications. [13]  

 The desiccant cooling can be either a perfective supplement to the tradi-
tional vapour compression air conditioning technology to attenuate the effects of 
its drawbacks, or an alternative to it for assuring more accessible, economical, 
and cleaner air conditioning. Still more importantly, when powered by free ener-
gy sources such as solar energy, and waste heat, it can significantly reduce the 
operating costs and increase considerably the accessibility to the air condition-
ing for the populations in remote areas, especially in developing countries. [14] 

2 . 3  S ta te  o f  t h e  a r t :  D e s ic c a n t  c o o l i n g  s y s te m s  

The desiccant systems are based on the use of a rotary dehumidifier 
(desiccant wheel) in which air is dehumidified. The resulting air is cooled in a 
sensible heat exchanger and then cooled by an evaporative cooler. The result-
ing air is directed into room. A heat supply is needed in order to regenerate the 
desiccant and low grade heat in the range 60-95°C is required. 

2 . 3 . 1  H i s t o r y  a n d  s t a t u s  

The open system for air conditioning was first described by Carl Munters 
and was called “Lizzy” system. This was developed from the original work done 
by the two inventors Baltzar von Platen and Carl Munters in 1922 as a devel-
opment to the Carre’ absorption system. And it was the system called Electrolux 
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refrigerator. (Platen-Munters refrigerating unit) Lizzy system is the development 
of this using ambient air instead of the inert gas hydrogen in the Platen-Munters 
refrigerating unit. The principle is shown in figure 2-1. The cycle involves “one 
drying process”, “one heat exchanger process” and one “humidifying process”. 
These processes are carried out in a “drying wheel”, a “heat exchanger wheel” 
and in “saturator pads”. This cycle has attracted considerable interest worldwide 
and many research projects have been devoted to the development of such so-
called “desiccant cooling” systems. 

 

Fig 2-1 Basic layout diagram for a desiccant system 

(Source: Refrigerating Engineering Part II by Eric Granryd) 

Carl Munters cycle- 

 The process in a t-p diagram is shown in figure 2-2. Outdoor air (1) 
passes the drying wheel and at point (2) have a low humidity, but a relatively 
high temperature. This air-stream is cooled to a low temperature condition to 
point (3). Before entering the space to be conditioned the air is given the de-
sired humidity (4) by means of a humidifying pad which is kept at controlled wet 
conditions. Since the air was cool and very dry before the humidifying pads it is 
even cooler after the humidification at point 4.  

 Then air from the conditioned space, “return air” is used. Initially this air 
has a condition (5). Condition (6) has the same enthalpy, lower temperature but 
higher humidity than in (5). This low temperature air is now used to cool the 
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heat exchanger wheel. After passing this return air has conditions as indicated 
in point (7). A portion of the air is heated and is used to regenerate the drying 
wheel. The air leaving the drying wheel to the outside (9) also carries away the 
humidity that was absorbed from the air in the process (1) to (2) in the drying 
wheel. 

 

 

 

 

 

 

 

 

Fig 2-2 Pshycrometric representation 

2 . 3 . 2  P r i n c i p l e  o f  o p e r a t i o n  

Desiccant cooling consists in dehumidifying the incoming air stream by 
forcing it through a desiccant material and then drying the air to the desired in-
door temperature. To make the system working continually, water vapour ad-
sorbed/absorbed must be driven out of the desiccant material (regeneration) so 
that it can be dried enough to absorb water vapour in the next cycle. This is 
done by heating the desiccant material to its temperature of regeneration which 
is dependent upon the nature of the desiccant used. The desiccant cooling sys-
tem, therefore, comprises principally three components, namely the regenera-
tion heat source, the dehumidifier (desiccant material), and the cooling unit. [14] 

2 . 3 . 3  W o r k i n g  m e d i a  

A desiccant material naturally attracts moisture from gasses and liquids. 
The material becomes saturated as moisture is adsorbed or collected on the 
surface. But when heated, the desiccant dries out or regenerates and can be 
used again. Conventional solid desiccants include silica gel, activated alumina, 
lithium chloride salt, and molecular sieves. New solid desiccant materials like 
zeolites are designed to be more effective for cooling applications. Liquid desic-
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cants include lithium chloride, calcium chloride and tri ethylene glycol solutions. 
The desiccant removes moisture from air, which releases heat and increases 
the air temperature. The dry air is cooled either by evaporative cooling or the 
cooling coils of a conventional air conditioner. The adsorbed moisture in the 
desiccant is then removed (the desiccant is regenerated to its original dry state) 
using thermal energy supplied by natural gas, electricity, waste heat or solar 
heat. 

 The desiccants are natural or synthetic substances capable of absorbing 
or adsorbing water vapour due to the difference of water vapour pressure be-
tween the surrounding air and the desiccant surface. They are encountered in 
both liquid and solid states. Each of liquid and solid desiccant systems has its 
own advantages and shortcomings. In addition of having lower regeneration 
temperature and flexibility in utilization, liquid desiccants have a lower pressure 
drop on air side. Solid desiccants are compact, less subject to corrosion and 
carryover. [14] 

The desiccant materials are used in diverse technological arrangements. 
One of the typical arrangements consists of using a slowly rotating wheel im-
pregnated or coated with the desiccant, with part of it intercepting the incoming 
air stream while the rest is being regenerated. Another arrangement uses the 
packing of solid desiccants to form a sort of adsorbent beds exposed to the in-
coming air stream, thus taking up its moisture. These beds needs to be moved 
periodically in the direction of the regeneration air stream and then returned to 
the process air stream. Liquid desiccants are often sprayed into air streams or 
wetted into contact surfaces to absorb water vapour from the incoming air. Like 
the solid desiccants, they need to be regenerated afterwards in a regenerator 
where water vapour previously absorbed is evaporated out from it by heating. 
[14] 

2 . 3 . 4  O v e r v i e w  o f  t h e  r e s e a r c h  h i s t o r y  o f  t h e  
d e s i c c a n t  c o o l i n g  

 The concept of desiccant cooling was first introduced by Hausen (1935) 
which used solid desiccants that were regenerated periodically to dehumidify 
moist air for air conditioning. The rotary silica gel dehumidifier was invented in 
1933     by Miller and Fonda. 

 Simple evaporative cooler is the oldest open-cycle system. They only 
cool down air to the wet bulb temperature, which limits their effective use to the 
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hot dry areas.   Indirect and regenerative evaporative coolers were developed 
as an improvement to the simple evaporative coolers.  

 Penington (1955) has solved the problem of limited climatic range of 
evaporative cooling systems   by introducing an adiabatic regenerative dehu-
midifier coupled with a heat source to a double regenerative evaporative cooler 
now routinely known as ventilation cycle. 

 Munters (1968) improved Penington’s regenerative dehumidifier by intro-
ducing parallel passages. For many years the desiccant cooling cycles were not 
developed due to the lack of theoretical understanding. 

 In early 70’s many analytical methods were developed for understanding 
the performance of desiccant dehumidifiers and desiccant cooling systems. 
Among those are the “analogy theory” of Banks (1972), the “finite difference 
method” of Maclaine-Cross (1974), the “pseudo steady state model” of Barrow 
(1982) for adiabatic dehumidifiers and the “finite difference method” of Worek 
and Lavan (1982) for cross cooled dehumidifiers. 

 Banks worked on Dunkle’s proposal of an adiabatic desiccant open cool-
ing cycle developed combined heat-mass transfer in regenerative dehumidifiers 
and related devices. He introduced combined potentials analogous to tempera-
ture, and combined specific capacity ratios analogous to specific heat ratios in 
terms of which combined heat and mass transfer can be described. These 
quantities are calculated from vapour pressure isotherms, the specific heat of 
the matrix and the thermodynamic properties of moist air. 

 Maclaine-Cross and Banks (1972) used combined potentials and specific 
capacity ratios in predicting the performance of regenerative dehumidifiers and 
enthalpy regenerator. This analogy theory is simplified for rapid calculation by 
Jurinak (1982). 

 Jurinak and Mitchel (1984) studied about the effect of isotherm shape, 
maximum water content, heat of adsorption, regenerative matrix thermal capaci-
tance, matrix moisture diffusivity and adsorption hysteresis on dehumidifier per-
formance. They have found that the best performance was obtained with a 
Braunuer Type1 vapour pressure isotherm shape, characteristic of micro porous 
silica gel desiccant. 

 Desiccant cooling dehumidification has been under study since mid 
1930’s. Most of the dehumidification applications have been for industrial and 
storage use such as process humidity control, corrosion and condensation pro-
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tection, mold/fungus avoidance, moisture prevention and product drying. Desic-
cants have been used for dehumidifying and cooling commercial and industrial 
buildings. [15] 

2 . 3 . 5  S y s t e m s :  S t a t u s  o f  t e c h n o l o g y  

Open cycle solid desiccant cooling systems. 

Coefficient of performance of the system known as COP is defined as the ratio 
of the cooling load and the thermal energy supplied to the system. 

퐶푂푃 =
퐶표표푙푖푛푔	퐸푛푒푟푔푦	표푢푡푝푢푡
푇ℎ푒푟푚푎푙	푒푛푒푟푔푦	푖푛푝푢푡  

Two open cycle systems that use adiabatic dehumidifiers are the Penington or 
“ventilation cycle” and the “recirculation cycle. 

 

 

Fig 2-3. Schematic representation of the ventilation mode 

 

 

 

 

 

Fig 2-4 Schematic representation of the recirculation mode 
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Several modified systems have been proposed for ventilation or recirculation 
cycles for higher COP values. Such as 

“SENS” simplified advanced solid desiccant cycle proposed by Maclaine-Cross 
(1988) 

“REVERS” cycle again proposed by Maclaine-Cross (1985) with one heat ex-
changer less to the SENS cycle and has the reversible nature of the evapora-
tive cooling in the finned coil. 

“DINC” cycle with direct and indirect evaporative cooler proposed by Wau-
gaman and Kettleborough (1987). This replaces the cooling tower and finned 
coil component of the REVERS cycle. 

 

 

Fig 2-5 SENS cycle 

 

 

Fig 2-6 REVERS cycle 



 26

 

 

 

Fig 2-7 DINC cycle 

 

2 . 4  P ro m is in g  C C H P  s y s te m s  fo r  T ro p ic a l  
c l i m a te s :  L i t e ra tu r e  re v i e w  

CCHP applications 

 “PolySMART in Europe is to support the development of a new market 
for polygeneration: small and medium capacity trigeneration. The operating time 
of a CHP system can be significantly increased by using heat produced for cool-
ing for thermally driven cooling, which creates a remarkable improvement in 
cost efficiency. The integrated project aims to demonstrate the cost-
effectiveness and reliability of small-scale combined heat cooling and power 
units for a wide range of buildings and industrial applications. Eight demonstra-
tion sub projects using different cooling technologies were carried out as a main 
activity at twelve sites in seven European countries for a wide spectrum of ap-
plications. The operation of the demonstration sub projects is to be investigated 
in practical applications and assessed with regard to economic and energy effi-
ciency. [5] 

A paper presented by Roberto Best [13] at the 1st European Conference 
on Polygeneration is a review of recent developments in thermal driven cooling 
systems presented with a special interest in cogeneration applications as well 
as in order to use of renewable energy resources for cooling. New systems are 
being developed in order to use lower heat source temperatures or higher heat 
source temperatures with improved efficiencies for cogeneration purposes. A 



 27

prototype of combined heat cool system driven by industrial gas engine was set 
up and tested by Zhi-Gao [16] and the results show the performance of the pro-
totype was generally improved as the waste heat of the gas industrial engine of 
the system was effectively recovered. It was shown that to attain high efficiency, 
the speed of the gas industrial engine was preferably regulated at part load. Fe-
lix Zeigler [17] reports about the papers and discussions of the international 
sorption heat pump conference (ISHPC’99) and the review comprises chillers 
and refrigerators which may be direct fired or waste heat driven. The interest is 
given to the improvement of efficiency on the one hand as well as adaptation to 
low temperature waste heat on the other hand and the use of solar heat too. 
Mathematical relations are derived to define conditions a CCHP system should 
operate at in order to guarantee primary energy savings by Nelson Fumo et al. 
[12] and shown that CCHP for building applications have the advantage to 
maintain high overall energy efficiency through the year. 

Most of the literature about space cooling with thermally driven cooling 
systems deals with applications of solar energy [18-25]. Since the energy con-
sumption for space cooling is continually rising and places a significant strain on 
the electrical grid, particularly during peak load. Currently the majority of solar 
thermally driven air conditioning installations use absorption chillers that gener-
ally require high driving temperatures(>85°C) and these chillers provide sensi-
ble cooling similar to vapour compression chillers. Alternatively, liquid desiccant 
air conditioning systems provide dehumidification or latent cooling and require 
lower driving temperatures. (>60°C)[26]  

There are many cooling applications that can be covered by thermally 
driven cooling systems. Absorption, adsorption desiccant and also ejector-
compressor systems are being developed for coupling with thermal heat 
sources such as waste heat in cogeneration systems. Further these systems 
are being developed to higher efficiency systems such as double effect or triple 
effect systems. 

One technology that can help to improve the dehumidification perfor-
mance and eventually reduce the electricity consumption for residential air con-
ditioning is the use of solid desiccant wheel with indirect evaporative cooling. 
And also reduce electricity consumption of conventional air conditioning tech-
nology is the coupling of active dehumidification with evaporative cooling. Be-
cause of the tropical nature in the country desiccant assisted cooling will pro-
vide better opportunities in comfort cooling applications for these industrial set-
ups. It is proved with a case study that the latent load is high in these environ-
ments and it is best can be handled by a desiccant (solid/liquid) to remove the 
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moisture in the process air. There are no known applications with desiccant 
cooling in the country although desiccant dehumidifiers are being used in dry-
ing, food preservations and places where the moisture control is needed. 

K.Daou et al. [14] have done a review on desiccant cooling air condition-
ing in which it is recalled the principles underlying the operation of desiccant 
cooling systems and discussed their actual technological applications. Through 
a literature review, the feasibility of the desiccant cooling in different climates is 
proven and the advantages it can offer in terms of energy and cost savings are 
understood. Some commented examples are presented to illustrate how the 
desiccant cooling can be a perfective supplement to other cooling systems such 
as traditional vapour compression air conditioning system, evaporative cooling, 
and chilled ceiling radiant cooling, can render them applicable under a diversity 
of climatic conditions. 

A desiccant wheel model has been developed by Pascal Stabat and 
Dominique Marchio [27] with the aim to be adapted in building simulation tools. 
The model is used to fulfill several criteria such as simplicity of parameterization 
accuracy, possibility to characterize the equipment under all operation condi-
tions and low computation time. The model is described by the effectiveness, 
NTU method and is identified from only one nominal rating point. It has been 
compared to experimental and manufacturer’s data for a broad range of operat-
ing conditions. A good agreement has been found. 

Reported works during the recent past are related to feasibility studies, 
performance predictions and evaluations, technology improvements and optimi-
zations and development of new materials etc. There are studies on modelling 
and simulations of desiccant cooling systems. For this research the literature 
search was done for experimental investigations [28-35], modelling and simula-
tions [36-41]. Also where desiccant cooling is applied with combined generation 
[42-46] and used in buildings in different climatic conditions and modeling of 
desiccant systems using TRNSYS in recent years [18,19,47-49]. 
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3  MO D E L L IN G  AN D  AN ALYS I S  

3 . 1  P o l yg e n e ra t i o n  fa c i l i t y  a t  K T H -H P T  L a b 

 The product compower ET10 is a CHP micro gas turbine, delivering both 
thermal and electrical energy. The capacity of the compower ET10 will be 3-5 
kW in electrical power and 15-20 kW in thermal power. The compower ET 10 
micro gas turbine which is designed for natural gas is modified to run with bio 
gas to produce heat and power to a remote location. And it is also defined as an 
emergency system to provide heat and power to a remote or a rescue area. 

 

    

Fig 3-1 Representation of the Explore Polygeneration demonstration facility [8] 

 The Compower unit, ET10, consists of a conventional boiler and an ex-
ternally heated micro turbine.  The micro gas turbine is a   combination of a sin-
gle stage radial compressor, a burner, a single stage radial turbine and a recu-
perator. The compressed air is heated through the recuperator while the com-
bustion gas is mixed with the turbine outlet airflow. Then this air is expanded 
through the turbine, which is connected to an alternator. Then the flue gas com-
ing from the recuperator passes through the water heat exchanger and produc-
es hot water for different applications related to the system. Schematic for the 
system is shown in figure 3-2. 
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Fig 3-2 Externally fired MGT of Compower ET10 demonstration unit 

 

3 . 2  M o d e l l i n g  o f  a  d e s i c c a n t  c o o l i n g  s y s te m  

 The waste heat of 15 kW left over after the turbine of Compower ET10 is 
taken as the regeneration energy to the system. This heat is available as hot 
water storage at 85ºC, as the base case. Assuming ideal components from 
TRNSYS, the performances of two operating modes for an open cycle desic-
cant cooling system were studied. 

3 . 2 . 1  V e n t i l a t i o n  m o d e  

 

 

Fig. 3-3 Schematic diagram 
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Fig 3-4 Psychrometric representation [50] 
 

For the ventilation modes shown in figs 3-3 and 3-4, ambient air at state 
1 is dried by dehumidifier to state 2, regeneratively cooled by exhaust air to 
state 3, evaporatively cooled to state 4 and introduced into the space to be 
cooled. The exhaust air at state 5 is evaporatively cooled to state 6 for heat 
transfer from the supply air in the regenerator to get to the state point 7.  The air 
is heated by the energy supply to state point 8 and this passage of heated air 
through the dehumidifier regenerates the desiccant and cools the air to state 
point 9. 

A system model using TRNSYS components was used to analyze the 
ventilation cycle for weather data for Colombo, Sri Lanka. Waste heat from the 
micro turbine of the polygeneration plant was used as the regeneration energy.  

Cooling condition for the space considered is taken as 25⁰C and 50% 
relative humidity. Regeneration temperature is decided by the dehumidifier 
model of TRNSYS and depends on the humidity ratio set point for it. The air 
flow through the system was 0.8604 kg/s which was based on accepted prac-
tice for vapour compression machines of 0.7469 m3s-1 per kW. Heat source inlet 
temperature was fixed at 85ºC. The sensible and the latent load (this was taken 
as 75% sensible and 25% latent of the total load) met by the system and the 
system coefficient performance were evaluated by simulations.  
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Fig 3-5 TRNSYS model for ventilation cycle 

 

3 . 2 . 2    R e c i r c u l a t i o n  m o d e  

The recirculation mode shown in the figs. 3-6, 3-7 and 3-8 consists of 
same components as in the ventilation mode. Here the room air is recirculated 
and ambient air is used only for regeneration. Return air from the room is de-
humidified and heated by the desiccant wheel, regeneratively cooled and then 
evaporatively cooled to introduce in to the space. The ambient air is evapora-
tively cooled, regeneratively heated and then heated by the energy supply. This 
air passes through the dehumidifier and regenerates the desiccant. 

 

 

Fig 3-6 Schematic diagram 
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Fig 3-7 Psychrometric representation of recirculation cycle [50] 

 

Fig 3-8 TRNSYS model for the recirculation cycle 

 The simulations were performed for an indoor cooling load of sensible 
and latent loads with a ratio of 75% and 25% respectively. The air flow through 
the system was taken as 0.8604 kg/s which was based on ASHRAE design 
specifications for proper ventilation. That is 450 cfm/ton (0.7469 m3s-1 per kW). 
The ideal comfort conditions were maintained according to ASHRAE, 25⁰C and 
50% relative humidity. This is with a 0.0098 kg/kg.da of humidity ratio. 
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3 . 2 . 3  M o d e l  c o m p o n e n t s  a n d  s e l e c t i o n  o f  i n p u t  d a t a  

Parameters and the inputs to the components for the ventilation mode 
and recirculation mode are explained below, and details are given in the appen-
dix C for both modes for a parametric analysis for an optimum condition. 

Rotary desiccant dehumidifier-Type 683 

The model expressed by the Jurinak’s formulation (given in appendix A) has 
been adapted by the software TRNSYS and has been widely used in relevant 
studies by several authors. 

The TRNSYS software proposes the use of fixed values for efficiency factors 
F1 and F2 defined as parameters in the component model. But at the same time 
it does not propose any method for the calculation of these values. Therefore F1 

and F2 were selected as from typical examples of fixed preset values.  

 F1 and F2 – (0.05 and 0.95) High performance wheel 
 F1 and F2 – (0.08 and 0.8) Moderate performance wheel 
 F1 and F2 – (0.1 and 0.7) or (0.07 and 0.8) Low performance wheel 

Values are selected for a high performance wheel. 

Input conditions of process air are from weather data for Colombo, Sri 
Lanka. Inputs are selected for a steady point as below. This value is only fed as 
the initial value to the type 683.  Input values for temperature and humidity are 
varying with the time and thus the humidity ratio. The output results for tempera-
ture and humidity then vary accordingly as given in appendix C.  

State 1, T1 = 30ºC and Φ1 = 80% 

Then from psychrometric chart humidity ratio is 0.0214 kg/kg.d.a. 

And the enthalpy is 85 kJ/kg 

Density of air inlet is 1.16 kg/m3 at 30ºC and 101.3 kPa 

Conventional air flow rate is taken as 450 cfm/ton, which is 0.7469 m3s-1 per kW 

Therefore the mass flow rate is 0.8664 kg/s which is nearly 3100 kg/hr taken as 
a constant for process and return air flow rates. 

Humidity ratio set point which is a crucial factor on deciding the regeneration 
temperature by the component model itself and is assigned by the user.  
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Simple building calculating temperature from loads - Type 690  

Parameters selected are as the default values for thermal capacitance 
and the moisture capacitance since the two values do not affect the required 
space conditions required for temperature and humidity but the time taken to 
stabilize the conditions.  

 Range for the parameters is 

Thermal capacitance of the zone 0 – infinity kJ/K 

Moisture capacitance of the zone 0 – infinity kg 

Number of loads 0 – 25 and assigned 1 in these analysis. 

Space conditions are according to ASHRAE comfort conditions as described 
above. 

Temperature inside the space T5 = 25ºC and Φ5 = 50% 

This gives a humidity ratio of 0.0098 kg/kg d.a. from charts.  

Cooling load is varied to maintain the inside temperature at 25ºC and humidity 
ratio at 0.0098 kg/kg d.a. according to the ratio specified above of 75% sensible 
and 25% latent from the rated capacity as per in ASHRAE 2007.  

Air to air heat recovery – type 760b 

Parameters selected for humidity mode as 1 which, the component is as-
signed for humidity ratio inputs. The rated power is taken as the default value 
which is the motor power or the fan power of the unit and does not affect the 
performance of required outputs but the overall system efficiency. The control 
mode 0 indicates that the outlet temperatures are not controlled.  

The control mode has a range of 0 - 4 

Input values are assigned according to the steady point taken at state 1 
and considering the return path air humidity ratio as 0.0126 kg/kg d.a. indicated 
as in the psychrometric representation in figure 3-7. (State points 6, 7 and 8) 
These are located according to the process explained in section 3.2.1 and 3.2.2 

Exhaust air humidity ratio is the desired condition from the dehumidifier (type 
683) and can be varied as required.  
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Evaporative cooler – Type 560 

The parameters are humidity mode which is 1 for the humidity ratio in-
puts and the rated power is taken as the default value.  

Inputs are assigned according to the process air flow conditions which relates to 
each other as defined by the component models connected with the process.                                                

Heat exchanger with hot side by pass to keep cold side outlet below its 
set point – type 652 

Parameters for the two fluids are assigned for hot side, water with specif-
ic heat capacity 4.2 kJ/kg.K and air with specific heat capacity of 1.05 kJ/kg.K. 
The thermal energy required to increase the temperature of air passing through 
the heat exchanger is determined by the component model itself according to 
the heat energy supplied by the heat source and in this case from the hot water. 

The heat exchanger is able to automatically bypass the hot side fluid 
around the heat exchanger in order to maintain the cold side outlet temperature 
below a user specified set point.  

Storage tank, fixed inlets, uniform losses – type 49  

The tank is modeled taking the heat source inlet temperature to the load 
as 85ºC which is the temperature of the hot water and also the available energy 
that can deliver to the load as 15 kW. Here it is assumed that the energy availa-
ble is constant for the load. Hot side outlet temperature is determined from the 
sensible heat recovery device by the model itself and therefore the temperature 
difference of the hot fluid is known. 

Taking the specific heat capacity of the water as 4.2 kJ/kg.K, the flow 
rate is determined for a 15 kW energy input to the load. Flow rate can be varied 
accordingly by considering the available power or vice versa until the required 
regeneration temperature is obtained. The regeneration temperature is decided 
based on the humidity conditions after dehumidification in the dehumidifier.  

Note: The flow rate and the hot side inlet temperature are varied to obtain the 
required regeneration temperature set by the user for the dehumidifier by per-
forming trial and error simulations. The energy input can be calculated or can be 
specified by the user accordingly.  (푄 = 푚̇.퐶 .∆푇) 
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3 . 3  C a s e  s t u d y :  S e l e c te d  g a r me n t  fa c t o r y  i n  S r i  
L a n k a  

One of the garment factories situated in Western province Sri Lanka was 
taken as the case study. The factory production floor employees were experi-
encing thermal discomfort for a reasonable time throughout the day. There was 
no proper system to provide comfort cooling inside the building other than in-
dustrial fans and natural ventilation to a certain degree. The building sensible 
and latent loads were quite high due to the number of employees, equipment, 
appliances etc. As a remedy to provide comfort cooling the direct evaporative 
coolers were used without considerations of the actual load and the climate 
conditions. Use of evaporative coolers results in increasing the relative humidity 
though it reduces the temperature by about 5-6ºC which is not the comfort con-
ditions stated in ASHRAE. This condition leads to further additional difficulties in 
the long run even it gives economic benefits when the cost of energy to have 
traditional air conditioners using the electricity from the grid is considered.  

The factory floor area is 920 m2 and the sensible and latent loads were 
found to be 59,450 W and 48,000 W respectively. The cooling load to be met 
with the number of employees was calculated by considering the heat gains and 
heat losses in the building according to measured and observed data. Meas-
ured temperature and humidity data inside the factory which were used to find 
out the prevailing conditions before and after implementing the evaporative 
coolers are given in the appendix B. 

The recirculation mode described in 3.1 was chosen as most suitable for 
the case study in Sri Lanka since that gives better performance than with venti-
lation mode with tropical climate data. The cycle operating in the recirculation 
mode require low regeneration temperatures. Simulations were performed to 
obtain the highest possible COP by changing the flow rate and the heat energy 
needed to regenerate the desiccant for the load to be met by using ideal com-
ponents.  

The load was assigned with a 65 kW of sensible load and 55 kW of latent 
load by keeping an additional load to be satisfied for losses in the ducts and 
other losses. Figures 3-16 to 3-25 in section 3.4 indicates the regeneration tem-
perature required by the dehumidifier (temperature at state point 2) and the re-
generation temperature provided by the energy supply (temperature at state 7) 
and the outlet temperature of the hot water for twelve months from the simula-
tion results.  Horizontal axis represents the simulation time and the vertical axis 
represents the temperature in degree Celsius. 
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3 . 4  R e s u l t s  

3 . 4 . 1  P o l y g e n e r a t i o n  f a c i l i t y  a t  K T H  

Two modes of an open cycle desiccant cooling system described in sec-
tion 3.2 were analyzed namely ventilation mode where the ambient air is the 
process air into the dehumidifier and the recirculation mode which the room air 
is recirculated and ambient air is used only for regeneration. Major input values 
for the components are as discussed in section 3.2.3 and other relevant param-
eters are given in appendix C.  

The maximum cooling load that can be handled for the inputs and pa-
rameters defined in section 3.2.3 by the component models were obtained for 
the two operating modes to couple with the polygeneration facility suitable for 
tropical climate by performing trials with TRNSYS model discussed above in 
sections 3.2.1 and 3.2.2. For both systems the component models used are the 
same. The desiccant material was silica gel with properties provided in the ap-
pendix C. The component models were chosen from TRNSYS TESS library 
(Details given in the appendix C) where input values are chosen for weather da-
ta available in the software for Colombo, Sri Lanka.  

Simulation results are shown below for the two modes of operation and 
the results obtained for different regeneration temperatures using the hot water 
storage as the regeneration heat source. The results are compared in relation 
with regeneration temperatures and humidity ratio of the process air set after 
the dehumidifier for maximum cooling load that can handle to maintain the com-
fort conditions explained in section 3.2. The COP for different perspectives of 
humidity ratio set point, regeneration temperature, and the process air flow rate 
was calculated for the same heat energy supply. 

Variations of the temperature at different state points described on the 
psychrometric representations in section 3.2.1 and 3.2.2 with the simulation 
time are shown in figure 3-9 and absolute humidity at different state points in 
figure 3-10 for ventilation mode. Similarly in figures 3-11and 3-12 are tempera-
tures at different state points and absolute humidities respectively for recircula-
tion mode.  
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Ventilation mode: 

By performing trials with the TRNSYS model it is found that the humidity 
ratio set point for the dehumidifier 0.008 kg/kg d.a. gives a better COP than 
lower humidity ratio set points in this mode. That is the absolute humidity of the 
process air after dehumidification in the rotary dehumidifier. Regeneration tem-
perature decided by the model is 60⁰C. Relevant parameters and the other in-
puts are given in appendix B. 

The cycle performs with a COP equals to 0.95 in this mode with a cooling load 
of 11 kW of sensible and 3.7 kW of latent respectively for ideal components. 

 

 

Fig 3-9 Variation of the temperature with time at different state points of the ven-
tilation cycle given in figure 3-4 
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Fig 3-10 Variation of the humidity ratio with time at different state points of the 
cycle given in figure 3-4 

Recirculation mode: 

The trials performed using the model developed in TRNSYS shows bet-
ter results in terms of COP for humidity ratio set point for dehumidifier at 0.0065 
kg/kg d.a for the available heat energy supply from the hot water storage. De-
humidifier requires a temperature of about 55°C to regenerate the desiccant to 
reduce the absolute humidity of the incoming process air to the set value. This 
temperature was obtained through the heat exchange between return air and 
hot water by using the heat source available at 85°C from 15 kW energy of hot 
water storage. 

The cycle performs with a COP of 1.02 with ideal component models with a 
cooling load of 11.5 kW sensible and 3.8 kW latent. 
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Fig 3-11 Temperature variations with time at different state points of the cycle 
given in figure 3-7 

 

 

Fig 3-12 Variations of absolute humidity with time at different state points of the 
cycle given in figure 3-7 
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Performance analysis for the two modes of operation 

 Simulations were performed by to study the variation of regeneration 
temperature (Outlet temperatures from the components were taken as an aver-
age of the yearly variation) for the dehumidifier with the humidity ratio set point 
and the variation of COP with regeneration temperature with its humidity ratio 
set point which are provided in the tables below. 

Table 3.1 Regeneration temperature and corresponding humidity ratio set point 
for the dehumidifier. 

Humidity ratio set 
point 

(kg/kg of dry air) 

Ventilation mode Recirculation mode 

Regen. tempera-
ture(average) 

COP Regen. tempera-
ture(average) 

COP 

0.004 90 0.53 65 0.56 

0.005 80 0.56 60 0.75 

0.006 75 0.59 55 0.87 

0.007 70 0.63 50 1.06 

0.008 60 0.72 45 1.40 

 

 

Fig 3-13 Variation of regeneration temperature with humidity ratio set point 
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Fig 3-14 Variation of COP with humidity ratio set point 

 

 

 

Table 3.2 variation of the humidity ratio and the COP with regeneration temper-
ature for the two operating modes described above  

Regeneration 
Temperature/ºC 

Ventilation mode Recirculation mode 

Humidity ratio 
(kg/kgd.a.) 

COP 
Humidity ratio 

(kg/kgd.a.) 
COP 

60 0.008 0.72 0.005 0.75 

70 0.007 0.63 0.003 0.47 

75 0.006 0.59 0.0025 0.38 

80 0.005 0.56 0.002 0.37 

90 0.004 0.53 0.0008 0.28 
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Fig 3-15 Variation of COP with regeneration temperature 

 

C a s e  s t u d y :  G a r m e n t  f a c t o r y  

Based on the above results recirculation mode was chosen as the more 
suitable cycle for the cooling system for the case study explained in the 3.2. The 
simulations were performed to find an optimum solution for inputs to the system 
to maintain the comfort conditions in the space to be air conditioned using a 
thermally driven system.  

Humidity ratio set point was taken as 0.008 kg/kg d.a. since it requires 
the lowest regeneration temperature of 75ºC and provides the maximum COP 
for the recirculation mode by parametric analysis described above. The process 
air flow through the system for the case study should be 20,000 kg/hr and the 
source should be of the temperature 100ºC hot water in order to heat the return 
air to regenerate the desiccant. Hot water flow rate need to be 1.2 kg/s. Simula-
tion results indicate that the heat source need to supply an energy to satisfy a 
increase of 50°C temperature difference in hot water supply and the hot water 
flow rate is found by performing trials with the model. With these variables the 
energy supplied from the heat source is 252 kW which means that the CCHP 
for the case study need to have hot water storage of 252 kW constant energy 
source. Hot water should be of 100ºC to heat up the return air to the required 
regeneration temperature. Possible heat sources to generate the required hot 
water storage as the energy supply were discussed in chapter 1.  
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Supply temperature from the heat source = 100°C 

Outlet temperature of the hot water           = 50°C 

Therefore the regeneration energy supplied to the load = (1.2 x 4.2 x 50) kW 

Cooling load met by the system  = 120 kW 

Therefore the COP of the system  = 120/252 

      = 0.48 

Simulation results of regeneration temperatures required to regenerate 
the desiccant and the regeneration temperature supplied by the system (tem-
perature at state point 8) and the outlet temperature of hot water used to heat 
up the return air in desiccant cooling system via the heat exchanger for twelve 
months period are shown in the figures below. 

 

 

Fig 3-16 Temperature variations of air and hot water with time   
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Fig 3-17 Temperature variations of air and hot water with time   

 

 

Fig 3-18 Temperature variations of air and hot water with time   
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Fig 3-19 Temperature variations of air and hot water with time    

 

 

Fig 3-20 Temperature variations of air and hot water with time   
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Fig 3-21 Temperature variations of air and hot water with time   

 

 

Fig 3-22 Temperature variations of air and hot water with time   
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Fig 3-23 Temperature variations of air and hot water with time    

 

 

Fig 3-24 Temperature variations of air and hot water with time   
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Fig 3-25 Temperature variations of air and hot water with time   

 

 

Fig 3-26 Temperature variations of air and hot water with time   
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Fig 3-27 Temperature variations of air and hot water with time   

 Figure 3-28 below indicate the year round temperature variations of the 
system. The variation of the outlet temperature of the heat source, the ambient 
temperature, the regeneration temperature and the outlet temperature from the 
zone are indicated. Figure 3-29 indicates the variations in the humidity ratio for 
ambient, outlet conditions of the zone and the inlet conditions for the dehumidi-
fier. 

 

Fig 3-28 Variation of air temperature with simulation time for the case study 



 52

 

 

Fig 3-29 Variation of absolute humidity with simulation time for the case study 
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4  D IS C U S S IO N  A N D  C O N C L U S IO N  

The main objective was to utilize waste heat from cogeneration plants or 
low exergy heat in thermally driven cooling applicable to tropical climates. The 
simulation results obtained from the polygeneration facility at KTH-HPT lab re-
veal that it is feasible to use waste heat in desiccant cooling systems for air 
conditioning.  Systems with ideal components were used to obtain the upper 
limits on performance and to understand the system operation. When dealing 
with the polygeneration facility at KTH it was seen that from the two operation 
modes studied show noticeable characteristics for tropical weather data. Pa-
rameters and inputs to the system were discussed in the section 3.2 Details of 
the two modes are provided in the appendix C. The sensible and latent loads 
met by the two systems were obtained according to the defined humidity ratio 
and the coefficient of performance was calculated based on the load met and 
the heat energy supplied. This CCHP system of Com Power unit with the desic-
cant cooling system could handle 11 kW of sensible load and 3.7 kW of latent 
load at humidity ratio set point  of 0.008 kg/kg d.a. for the ventilation mode. A 
11.5 kW of sensible load with a 3.8 kW latent load for the recirculation mode at 
0.0065 kg/kg d.a. For both modes the heatis available at 85°C from the hot wa-
ter storage having a constant energy of 15 kW. 

The most crucial component in the desiccant cooling system is the dehu-
midifier and the set point for absolute humidity for that. Absolute humidity can 
be chosen by considering the comfort conditions required in the space con-
cerned. For tropical climates the ambient air has a high absolute humidity. 
Therefore the dehumidifier should reduce that considerably and also the varia-
tion of the absolute humidity during the year is very large. These can be seen in 
figures 3-10 and 3-12. Hence the process air is heated after the passing 
through the dehumidifier and that temperature varies in a wide range and de-
mand for a largely varied regeneration temperature for the ventilation mode. 
When the process air flow rate is increases the COP increases in both modes. 
For low values of absolute humidity with low air flow rates the COP is also low. 
For the parametric analysis the humidity ratio set point was kept as low as pos-
sible since the regeneration temperature needed is low for that. The air flow rate 
was changed to satisfy the cooling condition in the space while keeping the load 
constant as the calculated value. 
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Similarly in the recirculation mode the set point of humidity ratio or in other 
words the absolute humidity can be varied accordingly to meet the comfort con-
ditions required. In this the process air is the return air coming out of the condi-
tioned space so that the process air humidity is more or less controlled to a de-
sired value. Hence the variation in the temperature of heated air after the de-
humidifier and the demand for the regeneration temperature vary in a narrow 
range.  

The variations of the regeneration temperature according to the humidity 
ratio set point, the COP with the humidity ratio set point and the variation of 
COP with the regeneration temperature are shown in figures 3-13, 3-14 and 3-
15. A high regeneration temperature is needed to produce very low humidity in 
the supply air stream. The recirculation mode gives higher ideal COP than ven-
tilation mode with increasing humidity ratio. When the regeneration temperature 
increases the COP is decreasing in both operating modes. It is seen that the 
COP for recirculating mode decreases significantly with increasing regeneration 
temperature.  

Although these results are obtained for climate in Colombo, Sri Lanka it is 
seen that the high COP values may be obtained for low regenerating tempera-
tures. A high regenerating temperature produces a very low humidity in the 
supply stream. Therefore only a slightly greater load can be met with greatly in-
creased supply energy. This supply energy is comparatively higher for the venti-
lation mode than for the recirculation mode. Also the variations in the relative 
humidity in ambient air for tropical weather in Colombo are very significant over 
the time. Therefore the recirculation mode seems to be better than ventilation 
mode because the process air for the dehumidifier is more controlled in the re-
circulation mode.  

 Because of the better performance of the recirculation mode the simula-
tions for the case study was done only for that to obtain the optimum character-
istics. The humidity variations shown in figure 3-29 clearly show the perfor-
mance of the dehumidifier. Humidity ratio variations (state point 1) are for the 
return air conditions from the space and it does not have huge variations like 
the ambient conditions. Therefore the regeneration temperature required to re-
generate the desiccant varies within a small range and that can be seen in the 
figures 3-16 to 3-27. The temperature of the air coming out of the heat recovery 
device should be increased up to the temperature state point 8 which can be 
seen in figure 3-28. The heat energy is assumed to be supplied from hot water 
in this case and that can be fulfilled with any of the low exergy heat discussed in 
the section 1. With the variables used to obtain the comfort conditions required 
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the COP was calculated and it is 0.48 for the case concerned. This is a fairly 
low value when compared to electrically operated conventional vapour com-
pression air conditioning systems. The regeneration air temperature maintained 
using the heat energy supplied is always higher than the regeneration tempera-
ture required for the desiccant and if the supplied energy is controlled exactly in 
par with the required energy the input will be less and hence the COP can be a 
little higher. There are instances during the 12 months period where the supply 
temperature to regenerate the desiccant is less than the demand. If the supply 
temperature is more than the assigned to satisfy year round need for this case 
the loss of energy will be more when considering the whole year. Generally the 
supply temperature satisfies the requirements for the case studied. 

 The future work can therefore be to model advance cooling cycles with 
more features and also the cycles described in section 2.3.5 to evaluate the ap-
plicability and the performances for tropical climates. Also the analyzed models 
can be used with different heat energy inputs to evaluate the performances. 
Then the results can again be used to propose a better CCHP for industrial en-
vironments in tropical climates like Sri Lanka. As the solar energy is freely 
available it is expected to design a solar heating system to supplement the heat 
energy required for regeneration. In this research only one case is considered. 
But there are more industrial environments in the country with different climatic 
variations. Therefore it is expected to evaluate more situations in diverse 
weather conditions for CCHP application with thermally driven cooling. 

 In addition to the observed results there are few auxiliary benefits as well 
in utilizing waste heat for the proposed technology. The idea of a CCHP plant is 
to improve the overall efficiency through system efficiency and conservative ini-
tiatives it would automatically result in a reduction of CO2 emission per kWh. 
And the replacement or implementation of thermally driven cooling for air condi-
tioning would result in a significant electrical energy saving at national level. In 
addition to that waste heat driven cooling will replace CFC driven vapour com-
pression air conditioning which will ultimately contribute to environmental bene-
fits.   
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6  AP P E N D IX  A  

6 . 1  D e s ic c a n t  W h ee l  

Dehumidifier is a rotary energy wheel. These can be either desiccant or non 
desiccant and also it can be either heat transfer or heat and mass transfer 
models according to the process under investigations. Here the desiccant wheel 
is a heat and mass transfer model. 

In this the source of mass transfer is due to the condensation/evaporation or 
adsorption/desorption process. And this heat and mass transfer can be de-
scribed with the same set of differential equations. 

Based on the Maclaine-Cross model assumptions the partial differential equa-
tions can be written as  

For conservation of energy in the matrix, 

푚̇ .퐿. + 푀 . = 0…………………………………………………………Eq.1 

For conservation of mass in the matrix, 

푚̇ . 퐿. +푀 . = 0………………..………………………………………………Eq.2 

For conservation of the sensible heat in the gas, 

푚̇ .퐿. = . (푇 − 푇 )……………………………………………………….Eq.3 

For conservation of the moisture in the gas, 

푚̇ . 퐿. = ℎ .퐴 푤 − 푤 ……………………………………………..................Eq.4 

6 . 2  D e s ic c a n t  i s o t h e rm s  

Desiccant materials in the air-conditioning applications are defined by the capa-
bility of the material to adsorb and desorb water at a given temperature. They 
are characterized mainly by their adsorption isotherm shape. 

The relationship between the amount adsorbed by unit mass matrix and the 
equilibrium pressure at a given temperature is defined as adsorption isotherm. 



 61

The choice of desiccant is silica gel and it has a capability of adsorbing water 
from 5% to 40% of their own weight. The desiccant isotherm shape described 
how a material adsorbs moisture at different level of relative humidity. 

Jurinak’s adsorption model is widely used to model the desiccant matrix which 
is used in the software. And it is developed based on the Clausius-Clapeyron 
equation given below. 

푤 = = ∅
( )∅

……………………………………………………………Eq.5 

Silica gel isotherm shape is described by using 푤  as 0.4 and R as 1. 

Concept of model is based on the heat of sorption and the heat of vaporization 
by the Clausius-Clapeyron equation. 

ℎ = 푅푇 . ( )………………………………………………………………..Eq 6 

ℎ = 푅푇 . ( )……………………………………………………..……….Eq 7 

The relative humidity of moist air in equilibrium with the desiccant at tempera-
ture 푇  and at any temperature	푇  

∅ =
( )

( )
( )

∗

…………………………………………………….Eq 8 

Where ℎ∗ =  

 

6 . 3  P ro p e r t i e s  o f  m o is t  a i r  

Moist air is a mixture of dry air and water vapour. Moist air properties which de-
scribe the state of air stream are saturation humidity ratio and relative humidity. 
These properties can be found using the water vapour saturation pressure 푃  
from the polynomial expression presented in ASHRAE. 

ln(푃 ) = + 퐶 + 퐶 . 푇 + 퐶 . 푇 + 퐶 .푇 + 퐶 . ln	(푇)…………………..Eq 9 

(for 273⁰K<T<473⁰K) 

(Where C8 = -5800.2206,  C9 = 1.3914,  C11 = 4.17647x10-5, 

C12 = -1.4452093x10-8,  C13 = 6.5459673) 

And the humidity ratio, 
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푤 = = 0.62198. ……………………………………………………Eq 10 

Degree of saturation, 

휇 = = ∅
( ∅) / .

…………………………………………………….Eq 11 

∅ = ………………………………………………………………………Eq 12 

푤 = 0.62198. ………………………………………………………..Eq 13 

The enthalpy of a mixture of the perfect gas 

ℎ = ℎ + 푤 .ℎ …………………………………………………………..Eq 14 

Specific enthalpy of dry air 

ℎ . 푇 = ℎ + 퐶 (푇 − 푇 )……………………………………………..Eq 15 

Specific enthalpy of water vapour 

ℎ . 푇 = ℎ + 퐶 (푇 − 푇 )……………………………………………..Eq 16 

Enthalpy of pure water at saturation 

ℎ . 푇 = 푤푙 + 퐶 (푇 − 푇 )…………………………………………………Eq17 

Heat of vaporization 

ℎ = ℎ − ℎ = ℎ + (퐶 − 퐶 ).푇 ………………………………..Eq 18 

 

6 . 4  P ro p e r t i e s  o f  m a t r ix  

Jurinak’s isothermal model describes the equilibrium relations as, 

ℎ = ℎ + ℎ ………………………………………………………………Eq 19 

The enthalpy of matrix can be computed as, 

ℎ = 퐶 .푇 + 퐶 .푇 .푤 + ℎ (푇 )∫ (1 − ℎ∗).푑푤………..………Eq 20 

Maclaine-Cross and Banks predicted the performance of a rotary heat and 
mass exchanger analytically using the method of characteristics. This method 
describes the energy and moisture content of the air stream and desiccant with 
characteristic potentials, 퐹   (푖 = 1,2). 
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The 퐹  functions are invariants of the mass and energy conservation potentials 
and are analogous to temperature in the heat transfer analogy. Associated with 
퐹  potentials are the characteristic specific capacity ratios 훾  analogous to the 
matrix to fluid specific heat transfer analogy. 

The equations relating the 퐹   (푖 = 1,2)  characteristic potentials in the fluid and 
matrix are 

+ 푣. + 휇훾 = 0……………………………………………………….Eq 21 

휇훾 + 푗 퐹 − 퐹 = 0…………………………………………………….Eq 22 

For air-water vapour mixtures, the 퐹  lines lie close to adiabatic saturation lines 
and the 퐹  lines are close to the relative humidity lines. 훾 lines are similar to 퐹       
lines and constant 퐹  and 훾  can be plotted on psychrometric chart. 

Banks (1985) proposed analytical expressions of characteristic potentials. 
Maclaine-Cross has set a determination of the average 훾 . The default values 
for the operating range of desiccant wheels are taken as follows. 

퐹 = ℎ……………………………………………………………………………Eq 23 

퐹 = ( . ) .
− 1.1푤 . …………………………………………………….Eq 24 

훾 = 0.3,  훾 = 30………………………………………………………………Eq 25 

퐹 , = . + 4.344푤 . ……………………………………………………..Eq 26 

퐹 , =
.
− 1.127푤 . ……………………………………………………..Eq 27 

 = , ,

, ,
…………………………………………………………………….Eq 28 

 = , ,

, ,
…………………………………………………………………….Eq 29 

(Subscript 1, 2 and 8 refers to the states as in the psychrometric representation 
of the two modes of operation in section 3.2) 
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7  AP P E N D IX  B  

A garment making factory was selected as the case study. Dry and wet bulb 
temperatures were measured to obtain the relative humidity using the psychro-
metric chart. This was done by assigning a suitable grid on the factory floor to 
get the data. Observations were taken in every hour from 9.00 a.m. in the morn-
ing to 4.00 p.m. in the evening. It was observed that the highest temperature 
occurred between 2.00 p.m. to 3.00 p.m. in the afternoon. 

A sample reading for that hour is given below before and after installing the 
evaporative cooler.  

 

Fig B-1 selected grid points on the production floor 
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Table B-1 Dry bulb temperature and the corresponding relative humidity 

(Before installing the evaporative cooler) 

Grid 
Point 

A B C D E 

 T/⁰C RH T/⁰C RH T/⁰C RH T/⁰C RH T/⁰C RH 

1 34 64 33 69 33 69 32 68 33 70 

2 33 69 33 69 33 69 33 69 33 70 

3 33 69 34 65 34 68 33 69 33 68 

4 33 59 34 70 34 70 33 69 33 68 

5 33 69 34 70 34 67 33 70 33 69 

6 33 69 34 70 34 69 34 68 33 69 

7 33 69 33 75 33 69 33 70 33 69 

 

Table B-2 Dry bulb temperature and the corresponding relative humidity 

(After installing the evaporative cooler) 

Grid 
Point 

A B C D E 

 T/⁰C RH T/⁰C RH T/⁰C RH T/⁰C RH T/⁰C RH 

1 28 83 28 83 29 79 28 79 28 79 

2 28 83 27 79 29 79 28 79 28 79 

3 27 86 27 86 28 79 29 83 27 79 

4 27 86 27 86 27 83 29 86 27 86 

5 27 86 27 86 27 82 29 86 27 86 

6 27 83 26 86 28 83 29 86 27 86 

7 26 86 26 86 28 83 28 85 26 83 

 

Outdoor dry bulb temperature was noted as 31⁰C and 65% relative humidity. 

It can be seen that the temperature has been reduced while increasing the rela-
tive humidity which makes the zone uncomfortable. 
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Cooling load was calculated for the production environment which has a floor 
area of 920 m2. 

The cooling load to be overcome was calculated using the observed data and 
the total sensible load is 59,439 W and total latent load is 48,007 W. By taking 
the losses in the ducting and other the loads were taken as 65 kW of sensible 
and 55 kW of latent respectively for the modeling. 

Useful data for selecting the parameters for the TRNSYS components are as 
below. 

Properties of dry silica gel 

Voids are about 50-70% by volume 

Adsorbs water up to 40% of its own volume 

Density of DRY silica gel – 1131 kg/m3 

Specific heat – 921 J/kg 

Thermal conductivity – 0.144 W/m.K 

Specific enthalpies 

 h0/(KJ/kg) Cp/(KJ/kg.K) 

Enthalpy of dry air 0 1.007 

Enthalpy of water vapour 2502.5 1.872 

Enthalpy of water liquid 100 4.18 

Heat of vapourization 2502.5 2.308 

 

Standards for thermal comfort 

Parameter Limit/Range Reference 

Temperature 23ºC - 26ºC ASHRAE standard 55 – 1992 

Relative humidity 30% - 60% ASHRAE standard 55 – 1992 

Air movement 0.25 m/s WHO 

Ventilation (fresh air) 450 cfm/ton 

minimum 

ASHRAE standard 62 – 2007 
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8  AP P E N D IX  C  

TRNSYS (Transient System Simulations) 

TESS (Thermal Energy Systems Specialists) capabilities in TRNSYS 

Components for the system: 

Utility components: 

1.  Data Reader – Type 109 - TMY2 – Data reader and Radiation Processor 

 This component serves the main purpose of reading weather data at regular 
time intervals from a data file, converting it to a desired system of units and pro-
cessing the solar radiation data to obtain tilted surface radiation and angle of in-
cidence for an arbitrary number of surfaces. 

In this mode, Type 109 reads a weather data file in the standard TMY2 format. 
The TMY2 format is used by the National Solar Radiation Data Base (USA) but 
TMY2 files can be generated from many programs, such as Meteonorm. 

* Weather file can be read for Colombo from ‘Meteonorm\Asia\LK-Colombo-
434660.tm2 

2.  Online graphical plotter – Type 65d 

The online graphics component is used to display selected system variables 
while the simulation is progressing. This component is highly recommended and 
widely used since it provides valuable variable information and allows users to 
immediately see if the system is not performing as desired. The selected varia-
bles will be displayed in a separate plot window on the screen. In this instance 
of the Type65 online plotter, no output data file is generated. 

3.  Printer- Type 25e 

The printer component is used to output (or print) selected system variables at 
specified (even) intervals of time. In this mode, the user is required to supply 
units descriptors (kJ/hr, °C, W, etc.) which are printed to the output file along 
with each column heading. Output can be printed in even time intervals starting 
relative to the simulation start time or can be printed in absolute time. If relative 
printing is chosen with a one hour print interval and the simulation starts at time 
0.5, values will be printed at times 0.5, 1.5, 2.5, etc. If absolute printing is se-
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lected, for the same simulation, values will be printed at times 0.5, 1.0, 2.0, 3.0, 
etc. Type25 is also able to print simulation information as a header to the output 
file (name of input file, and time of simulation run). It is further able to append 
new data to an existing file or can be set to overwrite the existing file. 

 

Physical phenomena components: 

4.  Psychrometrics - Type 33e, Dry Bulb and Relative Humidity Known 

This component takes as input the dry bulb temperature and relative humidity of 
moist air and calls the TRNSYS Psychrometrics routine, returning the following 
corresponding moist air properties: dry bulb temperature, dew point tempera-
ture, wet bulb temperature, relative humidity, absolute humidity ratio, and en-
thalpy. 

 

Equipment components: 

5. Rotary Desiccant Dehumidifier – Type 683 

This component models a rotary desiccant dehumidifier containing nominal sili-
ca gel and whose performance is based on equations for F1-F2 potentials de-
veloped by Jurinak. The model determines the regeneration temperature at am-
bient humidity ratio which will dehumidify exactly to the supply humidity ratio. 
The process stream outlet temperature is also determined. 

6.  Evaporative cooling device – Type 506c 

Type506 models an evaporative cooling device for which the user supplies the 
inlet air conditions and the saturation efficiency and the model calculates the 
outlet air conditions. The cooling process is assumed to be a constant wet bulb 
temperature process meaning that air enters and exits at the same wet bulb 
temperature. The device is not equipped with controls that monitor the condi-
tions of the outlet air. When the device is ON (based on a user supplied control 
signal value), Type 506 cools the air as much as it can given the entering condi-
tions and the device efficiency. If a controlled evaporative cooling devices more 
appropriate to the user’s circumstances, Type507 may be used. Type507 mod-
els a similar direct evaporative cooling device but takes a target air outlet rela-
tive humidity. 
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8.  Simple building calculating temperatures from loads - Type 690 

This component takes sensible and latent loads (likely calculated from another 
simulation program or algorithm) and converts them to temperatures and hu-
midity for TRNSYS simulations by imposing the loads on a simple building 
model.  The user provides the loads as well as an estimate of the thermal and 
moisture capacitance of the building and the model calculates the resultant 
temperature and humidity based on two differential equations.  The model also 
allows the user to introduce ventilation air to the model, which may be externally 
controlled and conditioned, to offset the imposed loads.  Care should be taken 
that the external conditioning equipment is able to meet the imposed loads or a 
runaway solution can be encountered (a heating load imposed on the building 
without warm ventilation air inputs will cause the zone temperature to continue 
to drop well past that which is possible). 

9.  Air to air heat recovery - Type 667a  

Type667 uses a “constant effectiveness – minimum capacitance” approach to 
model an air to air heat recovery device in which two air streams are passed 
near each other so that both energy and possibly moisture may be transferred 
between the streams. Because of the “constant effectiveness – minimum ca-
pacitance” methodology, the model may be used to model a device with any 
configuration of airstreams (parallel flow, cross flow, counter flow, etc.) and may 
be used to model the sensible and latent aspects of an air to air heat exchang-
er, an enthalpy wheel, a hygroscopic heat exchanger or a permeable walled flat 
plate recuperator, among other devices. 

10.  Type 690 – Simple Building calculating temperatures from loads. 

This component takes sensible and latent loads (likely calculated from another 
simulation program or algorithm) and converts them to temperatures and hu-
midity for TRNSYS simulations by imposing the loads on a simple building 
model.  The user provides the loads as well as an estimate of the thermal and 
moisture capacitance of the building and the model calculates the resultant 
temperature and humidity based on two differential equations.  The model also 
allows the user to introduce ventilation air to the model, which may be externally 
controlled and conditioned, to offset the imposed loads.  Care should be taken 
that the external conditioning equipment is able to meet the imposed loads or a 
runaway solution can be encountered (a heating load imposed on the building 
without warm ventilation air inputs will cause the zone temperature to continue 
to drop well past that which is possible). 
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11. Type 652 – Heat exchanger with hot side bypass to keep cold side out-
let below its set point 

This component models a constant effectiveness/Cmin heat exchanger that is 
able to automatically bypass hot side fluid around the heat exchanger in order 
to maintain the cold side outlet temperature below a user specified, time de-
pendent set point. The bypass may be enabled or disabled at any point during 
the simulation if desired. 
 
12. Type 4a – Storage tank, fixed inlets, uniform losses 

The thermal performance of a fluid filled sensible energy storage tank, subject 
to thermal stratification, can be modeled by assuming that the tank consists of N 
(N<=100) fully-mixed equal volume segments.  The degree of stratification is 
determined by the value of N. if N is equal to 1, the storage tank is modeled as 
a fully-mixed tank and no stratification effects are possible. This instance of type 
4 models a stratified tank having fixed inlet positions defined within the code. 
Fluid entering the hot side of the tank is added to the tank node below the first 
auxiliary heater. Fluid entering the cold side of the tank enters the bottom node. 
The node sizes in this instance need not be equal.  
 
 
Parameters and Inputs to the components: 
 
Ventilation cycle: 
 

Component Parameter Value Input Value 

Type 683 F1 effectiveness 
F2 effectiveness 

0.05 
0.95  

Process air inlet temperature 
Process air humidity ratio 
Process air flow rate 
Regeneration air humidity ra-
tio 
Regeneration air flow rate 
Humidity ratio set point 
Ambient temperature 

30⁰C 
0.0214 
3100 kg/hr 
0.0126 
3100 kg/hr 
0.008 
30⁰C 

Type 760b 
(Air to air 
heat recov-
ery) 

Humidity mode 
Rated power 
Control mode 

1 
1000 kW 
0 

Exhaust air temperature 
Exhaust air humidity ratio 
Exhaust airflow rate 
Fresh air temperature(return 
in) 

70⁰C 
0.008 
3100 kg/hr 
30⁰C 
0.0126 
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Fresh air humidity ratio 
Fresh air flow rate 
Sensible effectiveness 
Control temperature 
Fresh air pressure drop 

3100 kg/hr 
1 
20⁰C 
0 

Type 560c-1 Humidity mode 
Parasitic power 

1 
335.56 kW 

Inlet air temperature 
Inlet air humidity ratio 
Inlet air flow rate 
Inlet air pressure 
Air side pressure drop 
Saturation efficiency 
On/Off  control signal 

19⁰C 
0.008 
3100 kg/hr 
1 atm 
0 
1 
1 

Type 690 Capacitance of the 
zone 
Moisture Capaci-
tance of the zone 
Inlet temperature 
Inlet humidity ratio 
Number of loads 

 
24000 kJ/K 
 
200 kg 
30⁰C 
0.0214 
1 

Sensible load 
Latent load 
Ventilation temperature 
Ventilation humidity ratio 
Ventilation percent RH 
Ventilation flow rate 
Building air pressure 

11 kW 
3.7 kW 
25⁰C 
0.0098 
50 
3100 kg/hr 
1 

Type 560c-2 Humidity mode  
Parasitic power 

1 
335.56 kW 

Inlet air temperature 
Inlet air humidity ratio 
Inlet air flow rate 
Inlet air pressure 
Air side pressure drop 
Saturation efficiency 
On/Off control signal 

27⁰C 
0.0126 
3100 kg/hr 
1 atm 
0 
1 
1 

Type 652  
 

Effectiveness of  
heat exchanger 
Specific heat of 
hot side fluid 
Specific heat of 
the cold side fluid 
Number of possi-
ble steps 

 
1 
 
4.19 kJ/kg.K 
 
1.05 kJ/kg.K 
 
1000 

Hot side inlet temperature 
Hot side flow rate 
Cold side inlet temperature 
Cold side flow rate 
Cold side set temperature 
Modulation control 

85°C 
0.15 kg/s 
50°C 
3100 kg/hr 
75°C 
0 
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Recirculation cycle: 

Parameters and the inputs: 

Component Parameter Value Input Value 

Type 683 F1 effectiveness 
F2 effectiveness 

0.05 
0.95  

Process air inlet temperature 
Process air humidity ratio 
Process air flow rate 
Regeneration air humidity ratio 
Regeneration air flow rate 
Humidity ratio set point 
Ambient temperature 

30⁰C 
0.0126 
3100 kg/hr 
0.01 
3100 kg/hr 
0.005 
30⁰C 

Type 760b 
(Air to air 
heat recov-
ery) 

Humidity mode 
Rated power 
Control mode 

1 
1000 kW 
0 

Exhaust air temperature 
Exhaust air humidity ratio 
Exhaust airflow rate 
Fresh air temperature(return 
in) 
Fresh air humidity ratio 
Fresh air flow rate 
Sensible effectiveness 
Control temperature 
Fresh air pressure drop 

70⁰C 
0.005 
3100 kg/hr 
18⁰C 
0.0126 
3100 kg/hr 
1 
20⁰C 
0 

Type 560c-1 Humidity mode 
Parasitic power 

1 
335.56 kW 

Inlet air temperature 
Inlet air humidity ratio 
Inlet air flow rate 
Inlet air pressure 

25⁰C 
0.005 
3100 kg/hr 
1 atm 

Type 4a Fixed inlet posi-
tions 
Tank volume 
Fluid specific heat 
Tank loss coeffi-
cient 
Height of node 
Set point tempera-
ture for element 1 
Maximum heating 
rate of element 1 

 
1 
1 m3 
4.19 kJ/kg.K 
 
3.0kJ/m2.hr.K 
0.05 m 

 
85°C 
 
15 kW 

Hot side temperature 
Hot side floe rate 
Cold side temperature 
Cold side flow rate 
Environmental temperature 
Control signal for element 

85°C 
0-15 kg/s 
30°C 
0.15 kg/s 
30°C 
0 
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Air side pressure drop 
Saturation efficiency 
On/Off  control signal 

0 
1 
1 

Type 690 Capacitance of 
the zone 
Moisture Capaci-
tance of the zone 
Inlet temperature 
Inlet humidity ratio 
Number of loads 

 
24000 kJ/K 
 
200 kg 
30⁰C 
0.0214 
1 

Sensible load 
Latent load 
Ventilation temperature 
Ventilation humidity ratio 
Ventilation percent RH 
Ventilation flow rate 
Building air pressure 

11.5 kW 
3.8 kW 
25⁰C 
0.0098 
50 
3100 kg/hr 
1 

Type 560c-2 Humidity mode  
Parasitic power 

1 
335.56 kW 

Inlet air temperature 
Inlet air humidity ratio 
Inlet air flow rate 
Inlet air pressure 
Air side pressure drop 
Saturation efficiency 
On/Off control signal 

30⁰C 
0.0214 
3100 kg/hr 
1 atm 
0 
1 
1 

Type 652  
 

Effectiveness of  
heat exchanger 
Specific heat of 
hot side fluid 
Specific heat of 
the cold side fluid 
Number of possi-
ble steps 
 

 
1 
 
4.19 kJ/kg.K 
 
1.05 kJ/kg.K 
 
1000 

Hot side inlet temperature 
Hot side flow rate 
Cold side inlet temperature 
Cold side flow rate 
Cold side set temperature 
Modulation control 

85°C 
0.09 kg/s 
50°C 
3100 kg/hr 
75°C 
0 

Type 4a Fixed inlet posi-
tions 
Tank volume 
Fluid specific heat 
Tank loss coeffi-
cient 
Height of node 
Set point tempera-
ture for element 1 
Maximum heating 
rate of element 1 

 
1 
1 m3 
4.19 kJ/kg.K 
 
3.0kJ/m2.hr.K 
0.05 m 

 
85°C 
 
15 kW 

Hot side temperature 
Hot side floe rate 
Cold side temperature 
Cold side flow rate 
Environmental temperature 
Control signal for element 

85°C 
0.09 kg/s 
30°C 
0.09 kg/s 
30°C 
0 
 
 
 
 
 

 


