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Abstract
Human needs are unlimited, but resources are limited to satisfy these needs. Because of this reason,
consideration of sustainability in utilization of energy is of immense importance. As an intelligent
species, mankind is interested in satisfying their needs sustainably. In this view, use of renewable energy,
reduction of energy usage, and reduction/ elimination of use of fossil fuels are of great importance. It
can be observed that there is rising demand for space cooling, and it has the highest share of energy
consumption in the building sector. Colombo, Sri Lanka has a hot and humid climate, and above
mentioned condition prominently prevails. On the other hand Sri Lanka experiences a considerable
increase of energy demand and electricity tariff rates annually and this trend is prominent. Therefore the
demand for finding energy efficient, renewable and cost effective solution is ever increasing.
Accordingly, this study was carried out to conduct a techno-economic feasibility on thermal energy
storage integrated into absorption chiller. Both these technologies are commercially available and have
the measure towards sustainability. It was observed that most common air conditioning applications are
in office buildings, and therefore the focus of this study is on a typical office building in Colombo city.
The result of the study can be then applied to other office buildings in the city. Trace700 software tool
was used to model and simulate the different system alternatives and to investigate the energy and
economic performance. It was found that the cool thermal storage integrated into thermally driven
absorption chiller has a good energy saving and cost saving potential and biogas can be a better energy
source to supply the thermal energy required by the chiller and this energy is utilized in a sustainable
manner.
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1 Introduction
Presently many communities in the world explore the possibility of saving energy to minimize the
environmental impacts resulting from generation and utilization of energy, while maintaining or
improving human comfort, where many energy applications are involved. In building sector, it is well
known fact that Heating Ventilation and Air Conditioning (HVAC) systems have the highest share of
total electricity bill. It is in the range of 40% to 60% [24]. Many investigations and studies are being
conducted in the world in finding alternative technologies mainly to utilize waste energy or free energy
in order to minimize the electricity generation from fossil fuels, Greenhouse Gas (GHG) emission and
ozone depletion potential.
In the case of Sri Lanka, majority of commercial and state sector buildings are located in Colombo city
limits, which has the most hot and humid climate. Therefore, air conditioning is one of the main
requirements to maintain comfortable indoor climate. It is also observed that almost all new medium
and high rise building in the area have installed and do use air conditioning systems of various types. On
the other hand, Sri Lanka experiences a considerable increase of electricity tariff rates annually and the
national demand for electricity for air conditioning has been increasing over the years. Furthermore Sri
Lanka, which is a signatory to Kyoto protocol, is required to follow strict regulations that it sets binding
targets for reducing GHG emissions.
Accordingly, this study is focused on investigating ways and means to minimize energy consumption in
a typical office building in Colombo area by using an effective air conditioning system. It is interested to
investigate the use of Thermal Energy Storage (TES) and absorption chillers, which are two types of
commercially available energy saving and environmentally clean technologies. Both thermal energy
storage and thermally driven absorption refrigeration technology are commonly used in the world.
However they became gaining popularity only after the world encountered with problems related to fuel
crisis, ozone layer depletion and global warming due to greenhouse effect [1]. Reasons to select these
technologies were as follows.
•
•
•
•
•

Provide utilization of renewable energy or waste energy.
Minimize demand for electricity.
Provide Environmentally friendly and clean technologies
Are commercially available
Many successful experiences with them can be found from the rest of the world.

This study is confined to space cooling of office building in hot and humid climate. Specifically, it was
intended to conduct both technical and economic feasibility on above technologies (i.e. absorption
refrigeration and TES) for this application. It was conducted within the Colombo city limits. These
technologies are new to Sri Lanka (SL). Even the “Code of Practice for energy efficient building in Sri
Lanka” published by the Sustainable Energy Authority of Sri Lanka in 2009 do not mention about these
technologies or equipment related to them because they are not popular in SL. However, clause on
“Absorption Chiller” can be found in the “Specification for Electrical and Mechanical Works
Associated with Building and Civil Engineering” published by Institution for Construction Training and
Development revised 2nd Edition 2000. There are several ongoing projects implemented by private
sector apparel companies in Sri Lanka on absorption cooling for air conditioning of factory buildings.
Although there are some applications of absorption systems, only one application of TES system was
found to have been introduced, which is at the Blood Bank, Ministry of Health, Narahenpita, Colombo
in SL. Therefore this study will provides valuable results to promote these two systems as energy
efficient and environmental friendly alternative for space cooling.
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Further this study focuses on investigating ways and means to minimize energy consumption in a typical
office building in Colombo city limits by using an effective air conditioning system, which consists of an
absorption chiller and thermal energy storage.

1.1 Objective
The main objective of this study is to establish a techno economic feasibility of thermal energy storage
integrated with an absorption chiller. This is compared with traditional mechanical chillers and
conventional thermal energy storage systems. The system parameters are compared to evaluate
performance.

1.2 Conceptual frame work

Space Cooling of Office Building in Colombo, (SL)
Waste/
free heat
• Energy efficient.
• Cost effective

A. Heat Driven
Cooling

• Renewable

TECHNOLOGICAL FOCUS
Absorption
Chiller

SLOUTION
SOUGHT

• Follow Kyoto
protocol

B. Thermal Energy
Storage

PROBLEM

A

Alternatives

Input of
building
parameters

Screening Working Media

Energy Analysis

Software
tool

Economic Analysis
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OUTCOME

Working Media

• LiBr/Water

• Chilled water

• Ammonia/Water

• Ice

Number of stages of • PCM
absorption cycle
• Single effect
• Multiple effects
Method of heat supply

Best Possible Solution

B

• Single effect
• Multiple effects

Figure 1 : Conceptual frame work of the study
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Operational
strategy
• Full storage
• Partial storage

TECHNOLOGICAL OPTIONS

• Increased
electricity cost

Cool
Thermal
Storage

• Increased
demand for A/C

1.3 Method of attack
Steps
1. Reviewing the existing technologies of absorption cooling and thermal energy storage with
particular reference to.
a. Types of chillers, their applications, and capacity ranges
b. Types of TESs, different configurations, different kinds of thermal sources
c. Advantages and problems related with above systems
2. Collecting details on cost.
a. Collect formulae and methods for:
i. estimating installation, operation and maintenance cost of existing chillers,
alternative absorption chillers, and TES systems
ii. calculating life cycle cost, payback period.
b. Obtain details on electricity tariff structure and current electricity demand for the
application.
c. Obtain details of incentives schemes on energy saving and reducing GHG emission related
applications.
3. Performing the techno-economic feasibly.
a. Selecting a specific application or case within Colombo area and investigating the existing
situation.
b. Identifying the specific cooling demand.
c. Preliminary screening of different technological options.
d. Sizing chillers and storages
e. Suggesting possible alternatives and selecting three or four suitable systems for further
analysis.
f.

Comparing energy performance of the selected alternatives.

g. Conducting a cost/benefit analysis for above alternatives.
h. Recommending the best possible system.
4. Verifying or validating the results with experts in the field of HVAC
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2 Review on absorption cooling and TES technology
2.1 Absorption chillers
The basic refrigeration or cooling cycles of absorption chiller and of conventional mechanical chiller are
fundamentally the same. The difference between the two is that absorption chillers are thermally driven,
whereas mechanical chillers are electrically driven. The mechanical compressor in a mechanical chiller is
replaced by a thermally driven absorption cycle (Thermal compressor) as shown in figure 2.
Basically this absorption cycle (thermal compressor) consists of absorber, pump, generator and
regulating valve. The working media has two fluids. One is refrigerant and the other is absorption
medium (absorbent). In addition, heat exchanger is used in order to reduce the operating heat demand
and thereby to improve the efficiency. The cyclic operation can be simply described as follows.

Figure 2 : Refrigeration cycle with thermal compressor [25]
The refrigerant vapour that flows out from the evaporator is absorbed by the absorption medium inside
the absorber and forms a liquid solution. This liquid solution is transferred by the pump to the generator
which is at condenser pressure. Within the generator the refrigerant and the absorbent are separated by
a process of distillation. The heat required for distillation process is supplied by a hot water, steam, hot
gas or directly by a gas burner. The refrigerant, which is now in vapor form, is transferred to the
condenser and the weak solution (rich in absorbent), is passed through the regulating valve where the
pressure of the solution is dropped up to evaporator pressure and flows to the absorber completing the
cycle. Usually, a heat exchanger is utilized to recover the heat from hot weak solution for preheating the
rich solution, which is transferred from absorber to generator.
Working media or two fluids normally used in the absorption cycle can be either LiBr/Water or
Water/Ammonia. In first case water used as refrigerant, while in the latter case it is the absorbent. So,
both the refrigerants are natural and thus do eliminate the use of ozone depleting refrigerant. However
the applicability of these systems in specific cases may vary, depending on the properties of these fluids.
Due to the health hazards associated with ammonia, water/ammonia systems may not be recommended
in applications, where the space is occupied by people. But these chillers may be mostly suitable for the
5

low temperature applications as ammonia has freezing point below 0°C. The most commonly available
absorption type chillier is LiBr/water system with the reason that it eliminates the requirement to have a
water separator as in the case of water/ammonia system. The modern electronic controllers provide the
means of overcoming the crystallization problem associated with the LiBr/water system. As there is no
health hazard with this, manufactures need not to worry on related special regulations in contrast to
ammonia systems.
Depending on the means of thermal-energy-supply to the above cyclic process, the systems can be
divided mainly in to two types as direct fired system and indirect fired system. In the case of direct
fired system the required thermal energy is supplied directly by using gas burners. Indirect fired system it
uses heat from hot water or steam which is produced by boilers. Further, utilization of heat from hot
gas which is a byproduct of a turbine or an engine generator can also be possible in indirect fired
system.
Out of these two types indirect fired system is the most common approach that is used to integrate the
cogeneration systems and district heating and cooling systems. They are also common in systems that
use industrial waste heat as driving energy. Further it provides opportunity to use renewable energy
sources, such as solar and bio-gas, to drive the chiller (or absorption system). Direct fired systems can
also be applicable in utilization of waste energy to drive the absorption cycle. For example, methane gas
produced as a byproduct from waste treatment plant and other decomposition processes can be used to
fire gas burners of direct fired system. The application guide on “Application Opportunities for
Absorption Chillers” from Johnson Controls inc., which is the manufacturer of “York” absorption
chiller, uses waste energy to drive both direct and indirect fired absorption chillers [13]. According to
this guide the applications are as follows.
•
•
•
•
•
•
•
•
•
•

Waste from desalting and distillation process of petroleum and chemical industry.
Heat recovered from cookers and kettles of brewery industry.
Heat recovered from press drying units in printing industry.
Waste heat from combustion of bark and line of pulp mill.
Heat recovered from sterilization, purification, and feed-stock preheating process in production
of palm oil.
Low and high pressure steam produced by district energy.
Waste heat from hot exhaust from incinerator.
Methane gas produced as a byproduct of landfills, waste treatment plant, or other decomposing
processes that handle municipal sewage, animal manure, garbage, and food processing waste.
Recovered heat from exhaust gas or engine coolant of a generator. (This is known as
cogeneration or combine heat and power (CHP)).
Heat from geothermal wells (hot fluid or steam from geothermal wells that use to drive the
turbine in electricity generation is also used to operate the absorption chillers).

The absorption cycle described above has a single stage and is known as a single effect cycle. The
coefficient of performance (COP – factor that measures the efficiency of a refrigerant cycle) of single
effect LiBr/water cycle is usually 0.75 to 0.7[1]. This value can be increased by increasing the number of
stages in the absorption cycle. These are known as multiple effect cycles. Other than the improving of
efficiency, these cycles can be utilized to increase the temperature lift of the cycle, or to maintain the
desired temperature lift by using low temperature (waste) heat input [1]. Double effect cycles are
commercially available.
It can be understood that only power consuming part of the above absorption refrigeration cycle is the
pump. The power consumption of this pump is insignificant compared to the mechanical compressor
that is used to compress the vapor from evaporator up to the condenser pressure in a conventional
refrigeration cycle. This provides the means of reducing the electricity demand thereby reducing
6

operational cost significantly. However, as the technology is in the development phase the initial cost
will be high as compared to traditional chillers.

Table 1: Table of chiller selection criteria [4]

This is clearly indicated in Table 2 published in the technical fact sheet for choosing a high efficiency
chiller provided by “Energy innovators Initiative”, Natural Resources of Canada. But, depending on the
amount of savings in the operational cost, the payback period of the absorption chiller can be
comparable with the mechanical chiller of same capacity.
As described above, the technological options available in selecting an absorption chiller are as follows.
•
•
•

LiBr/ water, or Ammonia/water as working media
Single effect or multiple effect(usually double effect)
Direct fired system or In-direct fired system.

The selection depends on the application and the site specific factors.
From thermal energy point of view there are several other options. In this study an emphasis is made to
find out possible waste energy or renewable energy sources.

2.2 Thermal Energy storage system
Thermal Energy Storage systems are important mainly due to their capability of balancing energy
demand between day and night. In cooling applications, they provide a mean of shifting a peak load in
the day time to the off peak period typically at night.
Actually the term “thermal” implies both heating and cooling. Heating TESs use inexpensive off-peak
power to add heat to storage medium, while cooling TESs use off-peak power to provide cooling
capacity by extracting heat from storage medium [2]. However this study focuses on cool thermal
storage.
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Figure 3: Operation of a typical cool thermal storage system during peak and off peak mode[27]
Typically, cool thermal storage consists of a vessel or a tank filled with storage medium. This energy
storage medium can be water, ice or other phase change material (eutectic salt and organic material such
as paraffin). Operation of a typical cool thermal storage system during peak and off peak modes can be
illustrated as in Figure 3.
The cool thermal storage system can be either full storage or partial storage. This means the system may
provide all the cooling demand, or part of the demand during on-peak hours (Figure 3). Accordingly, in
the full storage system the chiller can be completely shut off (Figure 3). Therefore for same load
requirement, the size of the chiller needed for a full storage system is larger than that for partial storage
system. So it is more expensive and may require more space than partial storage system. But it has
capability to provide greater saving if there is a wide difference between on-peak and off-peak energy
charges.
The partial storage systems provide two operational methods as load leveling and demand limiting
(Figure 4). Chillers in the load leveling systems will be operated at full capacity during 24 hours of the
day, if it is a peak (cooling) demand day [3]. Thus these systems minimize the space and cost demand by
the TES system. The demand limiting strategy provides middle ground between strategies of full storage
and load leveling [3].
In the case of partial storage systems there are two other options, namely storage priority and chiller
priority. As the name implies in chiller priority system the load is mainly provided by the chiller,
whereas in the storage priority system load is preferably provided by the thermal storage [3]. So, for the
first case it is necessary to ensure that there is enough cooling capacity in the storage, but this is not
required in the latter in which once the demand exceeds the capacity of the chiller, the residue is
provided by the storage [3].
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Figure 4: Operating Strategies of Cool Thermal Storage system [3]
The most common sensible storage media is chilled water. Compared to the other media, water storage
system has the lowest cost. It is commonly available and simple in its operational principle. But it
requires greater space for storage. Ice storage systems provide the best solution in this regard. They
require comparative minimum space requirement for storage. But supply and installation cost of it is
greater than that of the water storage systems.
Substances have mainly three phases as solid, liquid and gas. They store or release latent heat when they
change their phase from one to another. This phenomenon is used to store heat in latent heat storage
systems. Substances that use in TES applications as latent heat storage are known as “Phase Change
Materials” or PCMs. They are mainly two types namely “organic compounds” and “salt base
products”[7]. In air conditioning of building industry it is preferred to have PCMs with melting point
closer to the chilled water temperature produced by the chiller used in air conditioning applications [8].
Ice is the most popular media used in this type of latent heat storage systems. Ice-storage systems are
further sub divided as ice on-coil system, ice harvesting system, ice slurry system and encapsulate ice
system. These systems have their own benefits and draw backs other than the common pros and cons
related to cool thermal storage systems. However, all these systems require very low temperature (near
0◦C or less), where the temperature-drop in the chiller is higher. Once the temperature drop is high, it
lessens the chiller performance. In other words it reduces the energy saving potential. Accordingly, from
energy saving point of view ice based systems do not provide a good solution for air conditioning of
buildings.

Position of the chiller with respect to the building load and the storage give two main differences in the
layout of the system configuration. Chiller can be placed in series or parallel with the TES. When chiller
is in series, it can be either “up-stream chiller”, or “down-stream” (Figure 5).
Series arrangement is the most common configuration used in practice. It has the advantage of using a
same flow path both in “charging” mode and “normal” mode of operations of the chiller. However,
parallel configuration is preferred to address the retrofit application [10].
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a.

Series Chiller Down-Stream

b. Series Chiller Up-Stream

c.

Parallel Chiller

Figure 5: Main configurations of chilled water storage system [10]
From the above it implies that more the options and considerations in selecting suitable alternatives and
evaluating them to choose a better configuration or system, more the complexity of the process.
However, this evaluation mainly depends on the load profile of the specific application. Therefore,
before starting the evaluation process of techno-economic feasibility it is essential to consider specific
application and determine the yearly load profile.

2.3 Previous studies
Thermal storage for space cooling integrated with conventional mechanical chillers is common across
the world. With increasing requirement of saving the energy as much as possible and in order to meet
the set environmental goals, such as achieving targeted amount of reduction of CO2 emission and
eliminating use of ozone depleting refrigerant, the option of replacing mechanical chillers by absorption
chillers is prominent. Rydstrand et.al.[14] revealed an ongoing experimental investigation on thermal
energy storage technology integrated with an absorption chiller. A good practical application of thermal
energy storage coupled with water-ammonia absorption chiller can be found at Gamboro Dasco S.P.A.,
Medolla in Italy [15].
Many studies have been conducted on cool thermal storage and absorption cooling separately in the
recent past. These studies confirm that the two technologies have both energy saving potential and cost
saving potential.
Chatchawan et. al. illustrated the advantages to be gained by shifting plant operation with cool thermal
storage to off peak periods[16]. The power generation capacity and costing structure in Thailand, was
used in this illustration. R.K. Suri et.al. reveals the cooling system with TES had 87% less power
demand than conventional cooling system during utility peak period [17]. In this assessment cooling
requirement of an office building in Kuwait was considered. The report on “Thermal Energy Storage
10

for Space Cooling,” which was sponsored by the United State Department of Energy presented a case
study of replacing the existing (conventional) chiller system of an office building in Pennsylvania by
downsized chiller with ice storage. The result of the study shows that the new system has monthly cost
saving and estimated life cycle cost saving of $10,447,177[3].
Tawatchai et.al. found that solar powered absorption chiller in Thailand can save electricity up to 7882
kWh/Year/Tons of Refrigerant (TR), and this accounted 98.56% of total electricity consumption of
vapor compression system [18]. However the paper emphasized the necessity of more research on
development of absorption cooling systems as it is still not popular in Thailand due to its complexity
and higher initial cost. M. Shekarchian et.al. investigated the annual energy required for cooling per unit
area and the total energy cost per unit area for both vapour compression and absorption systems in
different climate in Iran[19]. The results revealed that use of absorption chiller increases the energy
consumption per unit area, but it decreases the energy cost per unit area of cooling. This study further
revealed that when increasing the COP of absorption chiller by 0.1, at least $50 per m2 of energy cost
saving can be achieved. Tiago et.al. conducted an energy and economic analysis of an integrated solar
absorption cooling and heating systems in three types of buildings namely residential, office, and hotel
and under three different climatic conditions respectively at Berlin in Germany, Lisbon in Portugal and
Rome in Italy [20]. The results revealed that integrated solar absorption cooling and heating system have
potential to save total cost and CO2 emission, and it is more attractive when natural gas is used as
system backup energy. The energy performance depends on the building type and location. This will
maximize annual solar fractions (between 20% and 60%) [20]. Louise et.al. revealed that by switching
from conventional vapour compression chiller to heat driven absorption chiller in a CHP system in
Swedish municipality the production cost of cooling can be reduced by 170% due to increased revenues
from electricity production and the production cost of cooling has dropped by 95 SEK/MW h [21].
From these studies it can be understood that both the TESs and absorption chillers provide effective
technical solution for clean, environmental friendly, energy efficient, and cost effective air conditioning
system for space cooling.
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3 Economic Analysis
3.1 Overview
In the previous chapter focus was made for technical aspects of heat driven cooling thermal energy. In
this chapter economic feasibility is investigated. This will be carried out by conducting cost benefit
analysis.
Benefits, in general can be monetary, tangible or intangible. This means there are benefits that can be
valued in rupees (or dollar). For an example, benefits such as income, reduction of cost, etc. can be
assessed in rupee value. Some benefits can be quantified, but it cannot be measured in monetary terms,
while others can be neither quantified nor valued in monetary terms.
The main cost categories of this type of plant are supply and installation cost (i.e. initial cost), and
operating and maintenance cost (i.e. running cost).
In assessing the economic feasibility, or in other words to conduct the cost benefits analysis, all the
benefits and costs are identified and assessed in Sri Lanka Rupees(SLRs) or Dollars. Then different
alternative are compared using following techniques.
1. Pay Back Analysis: This analysis estimates the number of years that the benefits of a particular
alternative take to cover the total cost related to it, compared to another alternative. Two types
of payback as “Simple Payback” and “Life Cycle Payback” were considered in this regard.
2.

 

=

  
      

………………… (1)

Simple payback is less valid calculation compared to the Life cycle payback as it not
incorporates time value of money such as inflation [6]. But the calculation can be carried out
easily and quickly and therefore widely used in capital budgeting. Further it is useful in
screening exercises in order to compare the alternatives [26]. When summation of cash flow
differences equal or exceed the down payment difference after the cash flows are discounted
back to the present values, Life Cycle Payback can be calculated. This is done by calculating
present value of cumulative cash flows [6].
3. Net present value (NPV) Analysis: This is the most common method that used to determine
the most economical alternative. It determines the profitability of one alternative compared to
another alternative in terms of current rupee (or dollar) value. It is defined in eq. 2 [12].
 = ∑-)( #$%& #  ' % −

   
+
()* +,

………………… (2)

Where t - number of years from present
n – total number of years of the analysis
When comparing different alternatives, the one with highest positive NPV is considered as the
best solution.
4. Internal rate of return (IRR) Analysis: Compares the life time profitability of alternative
solutions. In fact this is the discount rate where NPV is zero. Higher the IRR better the
alternative.
0 = ∑-/( #$%& #  ' % −

12

   
+
()*011+,

………………… (3)

In all above approaches it is necessary to identify benefits and costs associated with all alternatives. The
associated benefits of this investigation are electricity demand reduction, downsizing of plant, utilizing
of waste energy, and the related costs elements are purchasing, installation, operating, maintenance, and
service costs.

3.2 Cost Estimation
Analysis of selected technologies is described in Section 4 of this report. In order to estimate the initial
cost of equipment of those selected systems following thumb rules were used.
•

Water cool chiller system:
Supply and installation cost
Yearly maintenance cost

= $ 635 per ton [9].
= $ 1136 (average cost for chillers range
from 50 ton to 150 ton)[9].

As installation of absorption chillers does not occur often in Sri Lanka, the difficulty in determining
costs is overcome by considering the costs published in the technical fact sheet for a high efficiency
chiller provided by “Energy innovators Initiative”, Natural Resources of Canada [4]. Yearly maintenance
cost is assumed as same as in the case of water cooled chiller.
•

Absorption chiller system : Initial cost = $ 1,000 to $ 1,400 per ton[4]

In the case of indirect fired absorption chiller, it requires steam produced in a boiler or hot water to
drive the chiller. The supply and installation cost is estimated as per the data extracted from a quotation
by a boiler supplier in Sir Lanka.
•

Gas fired boiler:
Supply and installation cost = $ 56800 (boiler capacity of 355kW)
Yearly maintenance cost = $ 545

As described in Section 4 of this report methane gas produced by a bio-gas plant will be used as fuel for
the gas-fired boiler. The cost of installation and commissioning of a bio gas plant was estimated
considering the following data extracted from the report on “Biogas Digest” (volume III) from
Information Advisory Service on Appropriate Technology [12].
•

Total installation cost of simple unheated Bio-gas plant = $ 50-$ 75 per m3 (35%-40% of this is
for digester) [12]

In the above values all essential installation costs, except the cost of land, are included [12].
It was able to locate only one installation of TES system which is at the blood bank at Narahenpita in
Sri Lanka. A few other TES projects are pending installation and commissioning. Therefore following
data presented in report on “Cool Thermal Energy Storage” published at ASHRAE Journal (2006) are
considered in the estimation of the initial and maintenance cost of TES installation.
•

PCM storage system:
Installed tank cost
= $100 - $150 per ton-hour [11]
Material cost
= $95 per ton-hour
Inflation on capital cost = 10%

The average annual cost of maintenance staff of the building was considered as $ 2730 per person.
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3.3 Electricity tariff structure
As stated under the problem description of this study, air conditioning system of a building has the
highest share of total electricity bill, which is in the range of 40% to 60%. On the other hand Sri Lanka
experiences a considerable increase of electricity tariff rates annually. Accordingly county’s electricity
tariff structure is of immense important in designing the best system configuration.
Office buildings are fallen in to the customer category of General Purpose (GP). According to the
revised tariff structure for the year 2011 this category is not charged for “Time of Use” (TOU) tariffs.
This means flat rate of tariff is charged for office building in Sri Lanka (Table2).
All I, H and GP types of customers are charged under three sub categories. These subcategories are
defined as follows [5].
1. Individual point of supply delivered and metered at 400/230 Volt nominal and contact demand
is less than or equal to 42kVA.
2. Individual point of supply delivered and metered at 400/230 Volt nominal and contact demand
is exceeds 42kVA.
3. Individual point of supply delivered and metered at 11,000 Volt nominal and above.
Out of these three, except the first category, the other two have to pay mandatorily Time of Use (TOU)
tariffs (i.e. depending on the time of the day the value of tariff charge) for the customer category I and
H. The time interval and charges applicable for year 2011 are given in Table 2 [5].
The category GP2 is the applicable structure for the application selected for this study. It can be
observed that rate of energy charge for category GP is higher even peak demand charge for TOU
structure.
In the TOU structure the energy charge is maximized during four hours of evening time, where cooling
demand is low or not at all. However this charge is lowest during the six hours of night time.
As an alternative, it was investigated whether the application can have any economic advantage by
introducing TOU stricture instead of flat structure, using the TOU structure of customer category I2.
Unfortunately, in Sri Lanka there are no incentive schemes on energy saving and GHG emission
reduction implemented yet.

Table 2: Tariff structure applicable for commercial buildings in Sri Lanka

Tariff
Category

I1
I2

Time Interval

Energy
Charge
Rs/kWh
($/ kWh)

-

10.50 (0.09)

5:30 to 18:30 - Day

10.45 (0.09)

18:30 to 22:30 - peak

13.60 (0.12)

22:30 to 5:30 - Off Peak
I3

240
(2.18)

-

3,000.00
(27.27)

850.00
(7.73)

3,000.00
(27.27)

750.00
(6.82)

7.35 (0.07)

5:30 to 18:30 - Day

10.25 (0.09)

18:30 to 22:30 - peak

13.40 (0.12)

22:30 to 5:30 - Off Peak

Fixed Charge
Rs/month
($/ month)

Maximum
Demand
Charge per
month
Rs/kVA
($/ kVA)

7.15 (0.07)
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Tariff
Category

H1
H2

Time Interval

Energy
Charge
Rs/kWh
($/ kWh)

-

19.50 (0.18)

5:30 to 18:30 - Day

13.00 (0.12)

18:30 to 22:30 - peak

16.90 (0.15)

22:30 to 5:30 - Off Peak
H3

3000.00
(27.27)
3,000.00
(27.27)

850.00
(7.73)

3,000.00
(27.27)

750.00
(6.82)

9.10 (0.08)

5:30 to 18:30 - Day

12.60 (0.11)

18:30 to 22:30 - peak

16.40 (0.15)

22:30 to 5:30 - Off Peak

Fixed Charge
Rs/month
($/ month)

Maximum
Demand
Charge per
month
Rs/kVA
($/ kVA)

8.85 (0.08)

GP1

-

19.50 (0.18)

GP2

-

19.40 (0.18)

GP3

-

19.10 (0.17)
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240
(2.18)
3,000.00
(27.27)
3,000.00
(27.27)

850.00
(7.73)
750.00
(6.82)

4 Techno-economic feasibly
4.1 Investigation into existing situation
The climatic zone in Colombo area is identified as hot and humid. As specified in “Code of practice for
energy efficient building in Sri Lanka-2008” the outdoor design conditions for air conditioning systems
in this climatic zone is as follows.
•
•

Dry bulb temperature - 31°C
Wet bulb temperature - 27 °C

It was observed that the cooling requirement of office building in this region is generally in the range of
50 to 300 ton. There is no any central cooling system for the city and cooling requirement of a particular
building is fulfilled by individual plant installed. In this regard the water cooled chillers are popular for
higher cooling demands. This may be due to the fact that the city is situated near coastal area. Other
than this, split type air conditioners (e.g. air cooled small split type units, air cooled ducted units) are also
commonly used when the loads are in the lower range.
Absorption chiller and cool thermal storage which are the two interested technologies in this study
cannot be found in air conditioning application in the city.

4.2 Case study
In order to conduct the feasibility study, a typical office building in Colombo (Head Office building of
Central Engineering Consultancy Bureau) was selected and details of this building are given bellow. In
the study it is investigated the techno-economic feasibility of replacing the existing water cooled chiller
with absorption chiller and cool thermal storage. In creating the model of air conditioning system for
the building, the system lay outs and technical data of existing cooling tower, condenser water piping
system, chilled water piping system, duct system, and air handling units are used.
Building description
Name: Head office building of Central Engineering Consultancy Bureau.
Address: No.415, Bauddhaloka Mawatha, Colombo, Sri Lanka
Total height: 26 m
Number of floors: 7 (In addition there is a mezzanine floor)
Total floor area: 2250 m2
Floor area provided with conditioned air: 1775 m2
N
Orientation:
45º
Building

Type of cooling equipment used: Water cooled chiller
Capacity of existing system: 100 ton
Indoor condition expected to be maintained: 25º C ±1.5º C (DBT) and 55% ±5% (RH)
The building mainly consists of office spaces, an auditorium located on top-most floor and the library
on a mezzanine floor. Except the lobbies, toilets and service areas (i.e. plant rooms, pump room, etc.) all
areas are air conditioned.
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Building lay outs are given in Figure 6
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Figure 6: Views of CECB building

4.3 Simulation Software
For the analysis of different energy alternatives and to validate the proposed energy concept developed
through this study simulation software, called Trace700, was used.
About Trace700

According to the manual of Trace700, the software enables the user to analyse comprehensively and
compare the energy options and economic impact of selected systems such as HVAC systems, HVAC
equipment, architectural features, building utilization and financial options [6]. The software can be used
not only in new projects, but also for building renovation, and system retrofit projects [6].
The program mainly has four calculation phases as follows.
1. Load-design phase
2. System simulation phase
3. Plant simulation phase
4. Economic analysis phase.
The relationship of these four phases is illustrated in the manual as follows.
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Figure 7: Illustration of Trace700
As per the manual all the techniques and calculation methods used in the software programme comply
with ASHRAE recommendations.

4.4 Preliminary screening
For preliminary screening following criteria were identified.
1. Capacity range of the cooling application is 50-300 ton.
2. Estimated current (middle of year 2011) supply and installation cost of conventional units
o Water cool chiller – Rs. 6 million to 7 million (i.e. $ 54500 to $63500)
3. Possible thermal energy sources for absorption chiller. – Solar system, Bio gas plant, and waste
incineration plant.
4. Avoid use of fossil fuel fired boilers.
5. Maximum economical charging period of a TES per day is 6 hours and period is from 22:30 hr
to 5:30 hr
6. Storage system with less space requirement is more attractive and economical because, ground
area having one square meter would cost in the ranged from Rs.60,000.00 ($545) to
Rs.100,000.00 ($ 910).
7. Availability of equipment.
8. Relative easiness of handling and maintenance of equipment.
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4.5 Sizing main components of the system:
According to the system simulation carried out using Trace700, the maximum building load occurred at
9 hr and 11hr in the month March and the relevant energy demand value is 137 ton (481 kW)

Energy Demand of Peak Day
160

Energy Demand (TR)

140
120
100
80
60
40
20
0
0

1

2

3

4

5

6

7

8

9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

-20
Peak electricity
demand period

Time (hr)
Figure 8: Hourly load profile of peak cooling load demand day
Total energy demand obtained for peak demand day
Therefore Nominal Chiller Capacity

=
=
=

1412 ton-hr
14123/24 ton
59 ton (207kW)

With this chiller capacity the cool thermal storage system was sized according to the Table 2. The size of
the storage depends on operating strategy, Control strategy and the initial storage capacity. Therefore in
the calculation, following conditions were assumed
• Initial capacity of the storage is zero.
• Operating strategy is load leveling.
• Control strategy is storage priority.
Accordingly, highest energy storage that has to be kept at the storage is 411 ton-hr (1005 kW-hr) at
7:00hr of the day. The results obtained out of the load profile are indicated in the Figure 9

Table 3: Sizing of Thermal Energy Storage
Time of
the day

Building
load

Load met
by chiller

Load met
by storage

(hr)
0
1
2
3

(ton-hr)
0
0
0
0

(ton-hr)
0
0
0
0

(ton-hr)
0
0
0
0

Charging
of
storage
(ton-hr)
59
59
59
59
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Balance
energy at
storage
(ton-hr)
0
59
118
177

Time of
the day

Building
load

Load met
by chiller

Load met
by storage

(hr)
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
Total

(ton-hr)
0
0
0
1
125
137
127
137
132
116
106
102
99
94
81
66
53
36
2
0
0
1412

(ton-hr)
0
0
0
0
0
0
0
0
11
46
1
42
0
34
0
0
0
0
0
0
0
133

(ton-hr)
0
0
0
1
125
137
127
137
121
70
105
60
99
61
81
66
53
36
2
0
0
1279

Charging
of
storage
(ton-hr)
59
59
59
59
59
59
59
59
70
105
60
101
59
92
59
59
59
59
59
59
59
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Balance
energy at
storage
(ton-hr)
235
294
353
411
345
267
199
121
70
105
60
101
61
92
70
63
69
93
149
208
267

Energy Demand of Peak Day
Cooling load demand
450

Balance storage
400

Chiller in charging
mode

Energy Demand (ton)

350
300
250
200
150
100
50
0
0

1

2

3

4

5

6

7

8

9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

-50

Time (hr)

Peak electricity
demand period

Figure 9: Balance energy at storage, chiller modes and load demand at each hour of peak
demand day

4.6 Selecting an absorption chiller
•

Consideration of working fluid
As described in the literature review due to health hazards associated with ammonia,
water/ammonia systems may not be recommended in applications, where the space is
occupied by many people. These chillers are mostly suitable for low temperature
applications as ammonia has a freezing point below 0°C. The most commonly available
popular absorption chillier type for space cooling application is LiBr/water system.

•

Single effect cycle or double effect cycle
The size of the chiller considered in this research ranges from 50 to 300 ton, because it
was found during the study that the capacity rating of commercially available single
effect cycled chillers are mostly in this range.

•

Direct fired system or indirect fired system
Both direct fired and indirect fired systems are considered for the required range of
capacity

Accordingly, single effect indirect fired LiBr/water chiller or Single effect direct fired LiBr/water chiller
is selected for further analysis.

4.7 Selecting TES
Estimating the size of the TES is not possible, considering the peak cooling demand or chiller size of
the non-storage system. For partial storage system chiller will always has less capacity than non-storage
system [3]. However for full storage system the chiller can either larger or smaller than that of nonstorage system [3]. Actually this depends on peak hourly load and the length of the on-peak period (with
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respect to cooling demand). Therefore in order to select the suitable TES technology for this project the
hourly load profile was first obtained. The calculated load profile shows following characteristics (Figure
8).
From the economic point of view, selecting a better TES greatly depends on the energy charge. As the
thermal energy required driving the Absorption chiller is obtained as waste heat or free energy, the only
utility charge applicable to this study is electricity. Therefore the electricity tariff rates are considered as
the governing factor in selecting a better TES for this problem. According to the literature this
technology was originally developed to shift the electrical demand to off-peak and to take the advantage
of low cost off-peak electricity rate [3]. However as described in section 3.3 office buildings in SL has
only flat rate structure, but the buildings falling in to the categories of Industry and Hotel have the timeof-use tariff structure. Therefore in this study as an alternative, it was investigated whether it can gain
any cost benefit by introducing a time-of-use tariff structure for office buildings.
The calculated load profile shows following characteristics (Figure 8)
•
•
•

Peak cooling demand is 137ton (481kW).
Peak demand period is from 8:00 hr to 13:00 hr (5 hrs long duration).
Peak cooling demand does not fall in to the peak electricity demand period.

Accordingly, considering the characteristics and criteria discussed in section 4.4 the TES is selected as
explained below.
Operating strategy: For the flat structure, partial storage strategy offers both energy and cost saving. It
can be observed that if TOU structure is used, electricity rates are moderate during the peak cooling
demand period and peak demand period is fairly long. According to the literature, a situation such as
load leveling system, which is a partial storage system, is preferable [3]. Further, this reduces the initial
storage capacity and chiller capacity, thereby reducing the cost. Therefore, partial storage with load
leveling is selected for this study. The control strategy of the system can either be chiller priority or
storage priority.
Storage medium: As revealed in the literature chilled water or PCM provides solution for the energy
saving TES in air conditioning applications. Compared to the PCM, chilled water system has lower cost
and simpler technology, but where there are space limitations and/or higher cost of space PCM system
may be the best solution. Accordingly, in this study PCM storage system was considered. However, this
selection was important only in economic analysis. It did not have major effect on energy analysis.
Configuration: Both series and parallel piping schemes are considered in this study to investigate the
energy consumption of the configurations.

4.8 Selecting energy source
Solar: Solar is possible option to provide the thermal energy for the absorption chiller. Solar is available
during 6:00hr and 18:00hr of the day. Peak demand period of the building cooling application also falls
within this period. But as indicated in the tariff structure the period of the peak demand charge for the
electricity is outside of the above time period of the day (i.e.from18:30hr to 22:30hr ). On the other
hand, in order to achieve the expected energy saving and the cost saving from TES it must be charged
during the off peak period of electricity demand, which is from 22:30hr to 5:30hr. But during this period
solar is not available, and in order to drive the absorption chiller, electrically powered heaters have to be
used, which is again not recommended as an energy saving renewable solution.
Waste incineration: Waste incineration plant is another possible solution in this regard. Heat of the
flue gas stream of incineration plant can be used to produce steam or hot water, which can be used in
hot water or steam fired absorption chiller. However the method cannot be used to drive direct fired
absorption chillers. Another drawback of this is production of flue gas with hazardous substances. This
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can be the major concern in an area like Colombo city. On the other hand, due to high moisture content
and low calorific value of the waste generated within Colombo is not economically viable as well [23].
Biogas: Products of biogas plant provide a better alternative for petroleum gas. It can be used both in a
direct fired absorption chiller and in an indirect fired absorption chiller. Compared to the waste
incineration plant, biogas plant is cleaner in environmental aspects. Further, Nilanthi et.al reveals that
percentage of biodegradable waste collected within Colombo Municipality is 80%[22]. Therefore
comparatively biogas provides the best option for thermal energy source in this application.

Accordingly, bio-gas was considered as the most suitable renewable source of energy for this study.
Once this is selected as the energy source, then following problems were solved in determining the
operational cost.


The possible substances that can be used to produce bio-gas



Ways and means to obtain such substance

The possible substances that can be obtained from Colombo city to produce biogas are sewage and
biodegradable waste from municipal solid waste. There is a centralized sewage management system in
Colombo, which still does provide an effective solution for the garbage problem. Therefore,
implementation of projects of this nature and using such waste addresses the waste problem in
Colombo to a certain degree.

4.9 Parameters to determine the techno-economic feasibility
The parameters calculated to compare the performance of different technological options are described
below.
The factor that is used to compare the traditional chiller is the value of COP. But in theory the
definition of COP for conventional chiller and for absorption chiller is not the same.
For conventional chiller:
COP = heat transfer to the cycle (or cooling energy output)/net work input
For absorption chiller:
COPh = cooling energy output / necessary heating energy for operation of the cycle
Further, COPh = COP. ηt where ηt refers to overall power station thermal efficiency [1]
Obtaining the overall power station efficiency is cumbersome as it requires detailed analysis of
distribution system. Therefore other than the COP value cooling energy output per kW of electrical
energy input can be used to compare the two types of chillers.
In addition, total electrical and thermal (gas) energy input to the whole system, and reduction or
increase of electrical energy demand with respect to the existing system are calculated in technical
analysis.
In the cost benefit analysis, Payback Period, Net Present Value, and Internal Rate of Return were
calculated. Two types of Payback Periods were calculated as described in section 3.1. They are “Simple
Payback” and “Life Cycle Payback”

4.10

Use of simulation software in this study

The Trce700 was used conduct the techno-economic feasibility of this different alternatives.
Accordingly, following were carried out using this simulation environment.
•

Calculation of the building loads and load profile of peak demand day.
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Table 4: Input data to define building load
Office
6

Value
Auditorium
2

Library
45

Lighting density, W/m2

0.05

0.05

0.05

Miscellaneous loads, Density of 350W
computer workstation per person

0.75

0.25

1.00

Parameter
People density, m2/person.

Air flow
Ventilation, cfm/person
Infiltration, air changes/hr
U factors, W/m2. ◦C

20
0.6

Ground
Slab
Walls
Partition
Window

0.52
1.2
0.52
2.2
5.68

In defining this phase of calculation monthly average hourly climatic data for Colombo city area is used.
Three types of templates to accommodate the sample building were created for office areas, auditorium,
and library. Fourteen numbers of rooms were defined including both conditioned and unconditioned
spaces.
Orientation and areas of floors, windows, walls and roofs were given as per the existing building.
Air side of the existing building is equipped with air handling unit (for auditorium), ducted fan-coil units
(for office areas at left side of the building), and ceiling suspended fan-coil units (for office areas at right
side of the building). Accordingly, air side system is described in the system description phase of
Trace700
Table 4 describes the building loads.
•

Different alternative cooling plant are defined as follows to meet the above building
loads

i.

Conventional electrically driven chiller without TES

ii.

Conventional electrically driven chiller with TES.

iii.

Direct fired single stage absorption chiller with TES.

iv.

Indirect fired single stage absorption chiller with TES

v.

System with storage priority control.

vi.

System with chiller priority control

vii.

Chiller in parallel to TES

viii.

Chiller in Series with TES

For the first alternative the size of the chiller is not defined externally as the program has the capability
to size it considering the calculated building load in the first phase. Sizing of all the other alternatives,
which has integrated cool thermal storage systems is presented in section 4.5 of this report. Accordingly
the input data to the programme were as follows.
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For system with TES
Chiller capacity

= 60 TR (246kW)

Storage capacity

= 600 TR-hr (2110 kW-hr)

During the simulation it was observed that calculated capacity for storage (i.e. 411 ton-hr) is not
sufficient and it was increased up to 600 ton-hr.
When defining the chiller priority system, it is assumed that storage is in the “charging” modes from
0:00 hr to 8:00 hr and 22:00 hr to 24:00 hr of the day. Rest of the time of the day it is in the “normal”
mode.
In this version of Trace700 the program automatically considered that the chiller is in downstream for
series configuration and it cannot be defined externally.
•

Parameters defined for economic analysis.

Initial cost of different alternatives are estimated (Refer appendix 1) using the details in section 3.2 of
this report. In the estimate basis of chiller systems, it includes cost of all the duct work, piping work, and
associate equipments and accessories such as cooling tower, pumps, valves, and control panels.
Annual maintenance costs were estimated considering payments of maintenance staff, and payment for
annual maintenance agreement with the supplier (Refer appendix 1).
Estimated values for initial and Maintenance costs are given below.

Table 5: Initial and maintenance cost of different alternatives
Alternative

Initial cost ,$

Maintenance
cost, $

Conventional electrically driven chiller without TES

87,000

12,000

Conventional electrically driven chiller with TES

148,600

12,500

Direct fired single stage absorption chiller with TES

176,300

12,800

Indirect fired single stage absorption chiller with TES

254,100

13,400

Following inflation rates were used in the analysis.
Inflation rates
⇒

For cost of capital

= 10%

⇒

For maintenance cost = 10%

The only utility applicable to this study is electricity as it considered that there is no charge for methane
gas (other than the maintenance and operational cost of the plant). The electricity tariff for category
GP2 and I2 (Table 02) are used in the analysis. As described in 4.6 the energy source selected to drive
the absorption chiller was bio-gas plant constructed at the building premises. The food waste required
for production of methane gas can be obtained free of charge within the city limit. Only the
transportation cost and handling cost are accountable. Analysis was carried out for 20 years assuming
that the plant has a maximum life time of 20 years.
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5 Observations and Results
Following parameters were calculated out of the simulation results.

5.1 Technical comparison
In the technical feasibility study following results were obtained (Refer Appendix 2).

Table 6: Performance of different alternatives
Alt 1
Direct
fired
absorption
chiller
with TES

Alt 2
Water
cooled
chiller
without
TES

211.0
2.0
230.9
0.91

480.9
104.0
4.62

56,500

356,500

65,300

321,100

826,800

0

1,411,000

0

883,200

356,500

1,476,300

321,100

300,100

0

291,200

35,500

Peak cooling energy demand met by chiller,(kW)
Electricity consumption at perk demand, (kW)
Gas energy consumption at peak demand,(kW)
Steam energy consumption at peak demand,(kW)
COP or COPh
Annual energy consumption by Electrical
the whole plant.(including chilled
water pumps, condenser water
Gas
pimps and cooling tower),
Total
(kWh)
Deference in electricity demand with respect to
existing plant (i.e. Alt2), (kW)

Alt 3
Indirect fired
absorption
chiller with TES†
Chiller
only
211.0
1.6
334.5
0.63

Total
with
Boiler
3.2
392.2
0.54

Alt 4
Water
cooled
chiller
with TES

211.0
51.8
4.07

† For alternative 3 two types of COPh were calculated. COPh(Chiller) calculated considering only the thermal
energy input by steam. In calculating COPh(Total) thermal energy from the source (i.e. bio-gas plant) is
considered.

Annual Electrical Energy
Consumption, kWh
56,500
321,100
65,300

356,500

Annual Total Energy
Consumption, kWh

Direct fired
absorption chiller
with TES
Water cooled
chiller without
TES
Indirect fired
absorption
chiller† with TES
Water cooled
chiller with TES

321,100
883,200
1,476,300

356,500

Direct fired
absorption chiller
with TES
Water cooled
chiller without TES
Indirect fired
absorpƟon chiller†
with TES
Water cooled
chiller with TES

Figure 10: Energy Consumption of different Alternatives
The system of direct fired absorption chiller with TES is further analyzed for different control strategies
and flow configurations, and obtained following results.
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Table 7: Performance of different control strategies and flow configurations
System

Electrical
Consumption, kWh

Gas Consumption,
kWh

55,600

797,800

Storage Priority
Strategy
Chiller Priority
Strategy
Series Configuration

59,100

883,200

56,500

826,800

Parallel Configuration

45,100

851,400

•

System with storage priority strategy has less yearly electrical and gas energy consumption than
chiller priority systems as shown in Table 7 and Figure11 (Refer Appendix 5).

Chiller Priority Strategy

Storage Priority Strategy
55,600
797,800

Electrical
Consumption
, kWh
Gas
Consumption
, kWh

59,100
883,200

Electrical
Consumption
, kWh
Gas
Consumption
, kWh

Figure 11: Energy consumption of different control strategies
•

System having series configuration demands less gas energy, but higher electrical energy than
parallel configuration as shown in Table 04 and Figure12 (Refer Appendix 6).

Parallel Configuration

Series Configuration
56,500
826,800

Electrical
Consumption
, kWh

45,100
851,400

Gas
Consumption
, kWh

Figure 12: Energy consumption of different flow configurations
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Electrical
Consumption
, kWh
Gas
Consumption
, kWh

5.2 Economic comparison
From the economic analysis carried out following results were obtained

Table 8: Economic comparison of different alternatives-Flat structure
Couple of
alternatives
compared

Simple
payback
period, yrs

Net Present
Value, $

Life Cycle
Pay Back, yrs

Internal
Rate of
Returns, %

Remarks

Alt 1 vs Alt 2

1.5

1,002,100

1.6

77.2

Alt 1 better

Alt 3 vs Alt 1

No Pay Back

-156,700

No Pay Back

No Pay Back

Alt 1 better

Alt 1 vs Alt 4

0.5

896,700

0.6

193.9

Alt 1 better

Alt 3 vs Alt 2

3.0

845,400

3.3

43.1

Alt 3 better

Alt 4 vs Alt 2

6.7

105,400

7.4

23.4

Alt 4 better

Alt 3 vs Alt 4

2.3

740,000

2.5

54

Alt 3 better

(Refer Appendix 3).

Table 9: Economic comparison of different alternatives-TOU structure
Simple
payback
period, yrs

Net Present
Value, $

Life Cycle
Payback, yrs

Internal
Rate of
Returns, %

Remarks

Alt 1 vs Alt 2

2.9

469,100

3.2

44.2

Alt 1 better

Alt 3 vs Alt 1

No Pay Back

-121,400

No Pay Back

No Pay Back

Alt 1 better

Alt 1 vs Alt 4

1.1

438,200

1.2

102.7

Alt 1 better

Alt 3 vs Alt 2

5.9

347,800

6.5

25.8

Alt 3 better

Alt 4 vs Alt 2

12.1

31,00

13.3

14.7

Alt 4 better

Alt 3 vs Alt 4

4.5

316,800

5.0

31.4

Alt 3 better

(Refer Appendix 4).
Operating cost and annual savings of other alternatives compared to the first alternative are indicated
below.

Table 10: Operating cost and annual savings vs Alt1 -Flat structure

Alt1
Alt2
Alt3
Alt4

Annual Saving
Relative to
Alt1, ($)

Total Annual
Operating
Cost, ($)

0
-60,000
-4,300
-50,800

64,300
124,300
68,600
115,100

Annual
Utility Cost,
($)

51,500
112,300
55,300
102,600
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Table 11: Operating cost and annual savings vs Alt1 -TOU structure

Alt1
Alt2
Alt3
Alt4

Annual Saving
Relative to
Alt1, ($)

Total Annual
Operating
Cost, ($)

Annual
Utility Cost,
($)

0
-30,700
-2,400
-25,600

40,000
70,700
42,400
65,600

27,200
58,600
29,000
53,100

Annual Operating Cost and Saving
Alt1

Alt2

Alt3

Alt4

150,000

100,000

50,000

0

-50,000

-100,000
Annual saving Total Annual Annual utility Annual saving Total Annual Annual utility
vs Alt 1 (Flat), $ Operating Cost (Flat) cost, $ vs Alt 1 (TOU), Operating Cost cost (TOU), $
(Flat), $
$
(TOU), $

Figure 13: Operating cost and annual savings with respect to Alt1
Further, following observations were made.
•

Highest monthly utility cost occurs during March, which also the month of peak cooling demand.
(Refer Appendix 3 & 4).

•

Alternative 1 (Direct fired absorption chiller with TES) has the lowest life cycle cost, while
Alternative 2 (Water cooled chiller without TES ) shows the highest value of this. (Refer Appendix
3 & 4).
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Life cycle cost (Flat), $
1,345,400
2,242,200

Life cycle cost (TOU), $

Alt1
Alt2
Alt3
Alt4

903,100
1,341,300

2,347,500

Alt1
Alt2
Alt3
Alt4

1,372,300
1,024,500

1,502,100

Figure 14: Life cycle cost of different alternatives flat rate structure and TOU structure
•

Alternative 3 (Indirect fired absorption chiller with TES) has the highest Initial cost and
maintenance cost while Alternative 2 (Water cooled chiller without TES) indicated the lowest
values for these costs.

•

Annual operating cost, Life cycle cost, and annual cost saving are higher for flat rate electricity
tariff structure compared to the TOU structure.

•

Payback periods of different alternatives are lesser flat rate electricity tariff structure than TOU
tariff structure.
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6

Verification of Results with Experts

The results of the study were verified by specialist consultants in the field of air conditioning and
ventilation in Sri Lanka. This chapter contains their comments and main points that validate the results.
Due to the constraint and dearth of specialists available in Sri Lanka, the author was able to consult only
two experts.

6.1 C. Eng. Mr. Cassie Koelmeyer
(BSc. (Hons.) MIET, MCIBSE, Member ASHRAE, MIE (SL): C.Eng.)

Mr. Cassie Koelmeyer obtained his first degree from University of Ceylon being secured first class
honors. He has the membership of Institute of Engineers - Sri Lanka, Institution of Engineers and
Technology -London, Chartered Institute of Building Services Engineers – London, and American
Society of Heating, Refrigeration and Air Conditioning Engineers – USA. He is one of the eminent
professionals in Sri Lanka and has worked as a member of technical subcommittees on ventilation and
air conditioning projects in Sri Lanka. He is actively involved in a project “creation of the Energy
Efficient Building Code for Commercial Buildings in Sri Lanka’. He has over 40 years experience in the
field. His views on the results of this study are as follows.
The results from the energy analysis are acceptable and he agrees with the outcome of the analysis.
However, the success of the project in the phase of implementation will greatly depends on the
performance of the biogas plant. Further, a regular supply of biodegradable waste is important for
reliable or continuous operation of the whole system if the findings are to be implemented as
sustainable exercise. As such the proposed system will be most suitable for hospitals and hotels, as they
generate the required amount of in house waste, thus assuring regular supply of waste for production of
biogas. Incinerators, which used gasified product as fuels, may be a good alternative for the problem of
acquiring the required waste heat energy for the absorption chiller.
The economic analysis may vary depending on the initial and realistic cost of the absorption chiller, cool
thermal energy storage and the prevailing electrical energy tariff structure in the country. From the
economic point of view, the alternative having a payback period of more than five years cannot be
treated as a feasible solution. However, the economic analysis presented in this report is justifiable with
the given figures for the initial cost of the absorption chiller and TES.
Success of implementing these kinds of projects will depend on various factors such as customer
perspectives and effort, incentives or encouragement given by the government.
He concluded as saying that the research would give valuable information and input to the Heating,
Ventilation and Ari conditioning industry in Sri Lanka and as a whole the research study has been
conducted in the right direction that investigate efficient utilization of energy. He advised the author to
give publicity to the finding in order to make the technical personal in the HVAC industry aware of the
importance of the outcomes. .

6.2 Prof. R.A. Attalage
(BSc. (Hons.), MEng(Energy Technology), DEA(Energy Engineering),PhD(Energy
Engineering) )

Prof. Rahula A. Attalage is the Deputy Vice Chancellor of University of Moratuwa. He also worked as a
Professor in the Mechanical Engineering Department of Faculty of Engineering in the same University.
Prior to joint to the staff of the University of Moratuwa he worked as a Research Associate at the
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Energy Center, Ecole des Mines de Paris as well. The Professor obtained his first degree securing an
honor from University of Moratuwa in 1982. Then in 1986 he completed his Master Degree in Energy
Technology from Asian Institute of Technology in Thailand, and subsequently read for the PhD in
energy engineering at Ecole Des Mines de Paris in France in 1992. He has sound knowledge and long
years experience in and a wide exposure to the energy engineering sector. Energy Efficiency in
Commercial Building is one of his research interests among many other topics in the energy field. There
are many publications due to his name in the same field published locally and internationally. He is also
a member of technical subcommittee on Building Envelop of Energy Efficient Building Code -2008
published by Sri Lanka Sustainable Energy Authority. The author believes that the author has selected
the right person to seek the opinion about her research. He has following views regarding this study.
The study is very interesting and valuable. When present situations in the country is addressed with
considerable increase of prices of petroleum products coupled with increase of electricity tariff rates
together with the introduction of fuel adjustment prices, this kind of academic research contributes a lot
to the national economy.
He is of the view that the approach is relevant, methodology is appropriate; the author has perused
sufficient number of literature before she commenced the research and reached valuable conclusions in
the research report. The research has resulted valuable outputs and they are acceptable and help opening
a new chapter in the energy sector. In contrast to the above positive comments, Prof. Attalage
emphasized that had the researcher carried out sensitivity analysis with the data, the outcomes of the
research could have been more realistic. In the discussion the author had with Prof. Attalage, it revealed
that in making a decision to invest in such a project the initial cost may be a key factor. Therefore, if a
sensitivity analysis is carried out to investigate how the results vary with the initial costs deviating in the
range of tolerable limit of ±5%, the attractiveness and the validity of final results may be more
worthwhile. This sensitivity analysis can be further improved by incorporating the variation of tariff
rates in the limits of ±10%.
Finally, encouraging this kind of studies in the energy sector he made a concluding remark that the
results of this study provide valuable inputs to enhance the energy efficiency in building sector in Sri
Lanka and office buildings in Colombo city in particular.
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7

Discussion and Conclusion

Out of the four alternatives considered in the study, two have thermally driven absorption chillers and
other two have electrically driven vapour compression water chillers. To compare the performance of
plant with thermally driven chiller thermal coefficient of performance (COPh) is used and for electrically
driven chiller COP is used. The result indicates that COPh is better for direct fired system, while COP is
better in existing water chiller system that has no thermal storage.
The total energy consumption of the system having water cooled chiller with cool thermal storage
(alternative 4) is minimum. As the heat driven chiller consumes large amount of thermal energy, their
total energy utilization is high. However in terms of electrical energy used thermally driven chiller shows
the best solution. System with direct fired absorption chiller with cool-thermal storage gives highest
electrical energy saving compared to the exiting water cooled chiller system.
Alternative with indirect fired absorption chiller (alternative 3) consumes the highest total energy
compared to other alternatives. Compared to the direct fired system this system has more energy places,
where energy conversion takes place. In case of direct fired system biogas produced by the plant can be
directly utilized in gas burners that supplies necessary thermal energy required by the chiller. But for
indirect fired chiller this biogas first used in gas fired boiler and produced steam. Then the chiller is
driven by this steam energy. Therefore there are more chances for energy loss in indirect fired system
than in direct fired system.

Table 12: Ranking of alternatives
Rank
Ranking Basis

COP

Alt 1
Direct fired
absorption
chiller with
TES
-

Alt 2

Water cooled
chiller with
TES

1

Alt 3
Indirect fired
absorption
chiller† with
TES
-

-

2

-

4
2
1
4
-

2
2
4
4
2
2
2
2

3
1
2
3
3
3
3

Water cooled
chiller
without TES

1
COPh
1
Electrical energy consumption
1
Thermal energy consumption
3
Total energy consumption
3
Initial cost
1
Operating cost
1
Payback period w.r.t Alt 2
1
NPV w.r.t Alt 2
1
IRR w.r.t Alt 2
* With 1 as the best alternative and 4 the worst

Alt 4

2

The results from economic analysis indicate that although the initial cost and maintenance cost of
existing system are less, it has largest total operating cost. The life cycle payback period of direct fired
absorption chiller system with TES, compared to the existing system is only 1.6 years (Appendix 3).
By introducing a cool thermal storage and replacing the existing chiller by down sized water chiller both
energy saving and economic performance can be enhanced. There is 35,500 kW annual electricity saving
(Table 6) and $9,200 of annual cost saving (Appendix 3).
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Compared to the Alternative 1 (direct fired absorption chiller system with TES) all the other alternatives
show the negative cost savings. Further as mentioned above it has the capability of highest electrical
energy saving. This result indicates that the “electrical energy consumption of a plant has considerable
impact on operation cost”. This can be further proved by the results of utility cost. The only utility
applicable to this study is electricity. The Alternative 1 shows the lowest utility cost while the existing
system which has largest annual electrical energy consumption indicates the highest utility cost.
Other than the magnitude of the economic parameters the comparison on different technical
alternatives are same for both flat and TOU electricity tariff. As the energy charge in flat rate structure is
higher than even the charge of peak demand period in TOU structure, the operating cost increased
when the flat rate is used. However the results reveal that flat rate structure offer higher cost saving with
respect to existing system (alternative 1) and therefore the payback periods become less than that for
TOU structure.
Accordingly, it can be concluded that cool thermal storage integrated to direct fired absorption chiller
provides the most economical and energy efficient renewable solution among the four alternatives
considered in this study for space cooling of the office building in Colombo, which is selected by the
author in her study. However, in general this approach and the findings are useful when considering the
office premises in Colombo city.
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Appendix 1: Calculation of Initial and Maintenance cost
A. Calculation of capacity of biogas plant

1m3 of bio gas (approximately)

=

6kWh

reference -[12]
Direct fired

Indirect fired

Peak energy consumption per month

=

75970 kWh

128075 kWh

Peak energy consumption per day

=

2451 kWh

4131 kWh

Volume of biogas for peak day requirement

=

408 m3

689 m3

B. Calculation of initial cost of equipments
Item
No.

Equipment

Capacity

Estimate basis of
initial cost

Initial
cost ($)

635.00

$/ton

86,995.00 (reference 9)

1,400.00 $/ton

84,000.00 (reference 4)

1 Chiller Systems†
1.1 Conventional chiller system
1.2
2

Absorption chiller system
TES

137 ton
60 ton
411 ton-hr

150 $/ton-hr

3 Boiler

61,650.00 (reference 11)
(See appendix
56,800.00 8)

4 Bio gas plant
4.1 Direct fired

408 m3

75 $/m3

30,633.23 (reference12)

4.2 Indirect fired
689 m3
75 $/m3
51,643.15 (reference 12)
† In the estimate basis of chiller systems, it includes cost of all the duct work, piping work, associate
equipment and accessories such as cooling tower, pumps, valves, and control panels.
C. Calculation of initial cost of alternatives
Equipments
(item number Initial cost ,$
from (B))

Alternative

Conventional electrically driven chiller without TES

1.1

86,995.00

1.1 & 2

148,645.00

Direct fired single stage absorption chiller with TES

1.2, 2,&4.1

176,283.23

Indirect fired single stage absorption chiller with TES

1.2,2,3,&4.2

254,111.33

Conventional electrically driven chiller with TES
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D. Calculation of maintenance cost

•

•

Yearly payment for comprehensive maintenance to maintenance company (obtained from
Quotations by local agents)
(a) for absorption chillers

=

$1136 /year

(b) for electrical chillers

=

$1136 /year

(c) for TES

=

$ 455 /year

(d) for boiler

=

$ 545 /year

(e) for biogas plant

=

$ 273 /year

Average salary of a maintenance staff of the per month per person

= $2727

Number of persons in the staff

=4

(f) Therefore cost of building maintenance staff

•

= $10,910.00

Accordingly maintenance cost of different alternatives
Alternative

Components

Conventional electrically driven chiller without TES

Maintenance
cost, $

(b)&(f)

12,045.45

(b),(f) & (c)

12,500.00

Direct fired single stage absorption chiller with TES

(a), (c),(f),&(e)

12,772.73

Indirect fired single stage absorption chiller with TES

(a),(c),(d),(f),&(e)

13,372.73

Conventional electrically driven chiller with TES
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Appendix 2: Reports generated by Trace700 on energy analysis
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Appendix 3: Report generated by Tace700 on Economic
analysis for flat rate electricity tariff
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Appendix 4: Report generated by Tace700 on Economic
analysis for flat rate electricity tariff
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Appendix 5: Energy consumption summary for different control strategies
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Appendix 6: Energy consumption summary for different flow configurations
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Appendix 7: Report on System Cooling Demand of peak demand month by Trace700
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Appendix 8: Quotation from Boiler supplier
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