
1 INTRODUCTION 

The well-known concept of Combined Heat and 
Power (CHP) system has been proven as high energy 
efficiency energy recovery system that recovers 
waste heat from power generation to another useful 
product, such as heating and cooling energy. The 
most familiar CHP process is the topping cycle 
which feeds fuel (Oil, Natural Gas, LPG, Biogas 
etc.) to prime mover that coupling with generator to 
produce electricity and recover heat from the flue 
gas for another product such as steam or chilled wa-
ter or both. In hot climate, energy demand for the 
commercial building is electricity for utility and 
cooling system. Therefore, the Combined Cooling 
and Power (CCP) is another word that refers to the 
CHP system that produces both the electricity and 
chilled water. 

When designing CCP System for commercial 
building, the capacity of system shall be carefully 
specified due to power and thermal demand varies 
along time. If the system capacity doesn’t match to 
the building energy demand, it will affect both pro-
ject capital cost and benefits which also affect to the 
financial rate of return.   

Comparison with conventional system which 
chilled water is produced by water-cooled electric 
chillers. The cost of conventional system would be 
900 – 1100 USD/RTinstall which is very much lower 
than the CCP system cost of 2500 – 3500 
USD/RTinstall depend on type of engine/generator set 
and its auxiliary system such as fuel supply system, 
exhaust gas stack system, control system and etc. 
Even conventional system has lower installation cost 
than the CCP system but daytime operation usually 

pay higher operating costs due to electricity charge 
rate at on-peak period in Table 1. This high operat-
ing costs leads to the economic feasibility of the 
CCP system. 
 
Table 1. Electricity Tariff in Thailand for 12-24 kV Voltage  

(Time of Use Rate)  
 

Period Time Demand 
Charge 

 
$ / kW 

Energy 
Charge  

 
$ / kWh 

Average 
Energy 

Charge* 
$ / kWh 

On-Peak 09.00 – 
22.00 

3.91 0.079 0.159 

Off-Peak 22.00 – 
9.00 

- 0.035 0.067 

* Calculation based on medium and large scale commercial 
building  
  
 For the feasibility study of CCP system, there are 
many parameters that brought to assess the invest-
ment worthiness such as the investment cost, system 
lifecycle, energy price (fuel, electricity), operation 
and maintenance cost from both conventional and 
CCP system. All parameters shall be taken into ac-
count in order to determine the internal rate of return 
(IRR) and financial benefit. In Thailand, the operat-
ing cost for conventional system on peak usage pe-
riod is about 0.13 USD/RT-hr while the operating 
cost for the CCP system is about 0.01 USD/RT-hr 
for chilled water. It seems rather low because the 
produced electricity will be purchased back to elec-
tricity Grid as the project revenue at the specified 
rate by Electricity Authority. 
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ABSTRACT: Combined Cooling and Power (CCP) system has recently become an interesting technology as 
distributed power generation and district cooling system has been viewed as a solution for mega project and 
new city development. The system clearly provides benefit for national supply side management and effi-
ciency. However, investment on CCP system is high and is very hard to compete with conventional system 
and electric chiller. This paper describes integration of demand side management in order to support CCP fea-
sibility with 15% internal rate of return, including charge rate calculation formula and a success case study. 



2 FACTORS TO IMPROVE FINANCIAL 
POTENTIAL 

Major factor that project investor uses for making 
decision to invest on the CCP system is the financial 
potential of the system. The degree of potential shall 
be increased when execute the following actions:  

2.1 Evaluate the appropriate capacity of CCP 
System for your project 

Operating hours of CCP System highly affects to the 
internal rate of return for investment particularly in 
on-peak period which electricity price is high. The 
system capacity must be selected carefully to operate 
the system at full capacities and long operating time. 
It is impractical to specify CCP System to serve peak 
cooling demand for project that load profile variation 
is high. As a result, that system can be run at full ca-
pacity only a certain hours each year.  

The project demand information is important at 
this step. The data can be collected directly from 
Building Automation System or on-site measure-
ment in the existing building or request from system 
designer for new project. The accuracy of demand 
data must be verified because of it affects both the 
system capacity sizing and the economic assessment. 

2.2 Demand Side Management (DSM) 

As previously discuss, the CCP system shall be 
specified at appropriate size and capacity for eco-
nomic worthiness. Small system may not always 
provide acceptable rate of return on investment when 
project cooling load variation is high. Because sys-
tem capacity does not provide sufficient energy 
products to create significant differences of operat-
ing cost when compare with conventional system. 
 It is also necessary to make an adjustment to the 
energy demand profile of end users. 

Thermal Energy Storage (TES) shall is a recom-
mended strategy for the adjustment of the cooling 
load profile. It is not really change the actual cooling 
demand but it makes the chiller respond with lower 
load variation. So, installed chiller capacity can be 
less than peak load to serve the project demand. At 
the same time, the CCP system capacity utilization 
can be increased. 

2.3 Supply Side Management (SSM) 

The system operation is based on the lowest opera-
tion cost strategy which depends on the structure of 
fuel or energy prices for each country. In Thailand, 
the CCP system is suitable for operating at on-peak 

period and operating the conventional system at off-
peak period when electricity tariff is low. 

3 A SUCCESS CASE STUDY:  
THE BANGKOK GOVERNMENT CENTER 

 
 
 
 
 
 
 

 
 

 
 
Figure 1. Picture of the Bangkok Government Center and its 
CCP plant which was completed in 2009 
 
Generally, it is not feasible for the CCP system on 
office building project, which operates only on week 
day and only during daytime. Also, because the CCP 
system has more O&M complexity, high operator 
training, high investment cost and long break-even 
period (low IRR). High cooling load variation affects 
the capacity and size of the CCP system. Usually, the 
CCP system is installed lower than 30% of peak 
cooling demand to minimize part load operation 
when waste heat cannot be fully utilized and will af-
fect the overall system efficiency which correspond 
with project feasibility.  

The Bangkok Government Center comprises of 
several office and ancillary buildings for 28 govern-
ment agencies. Overall project areas is about 
1,000,000 m2, which are air-conditioning space of 
about 60%. The sustainable design integration ap-
plies to each building in many aspects such as de-
mand control ventilation system, cooling thermal 
storage with building structure, dedicated indoor air 
quality control, natural lighting control, district cool-
ing, chilled water storage and combined cooling and 
power system. The central chilled water production 



and distribution system (District Cooing) was in-
stalled at Energy Building. By taking the advantage 
of load sharing between spaces, it reduces installed 
capacity to serve project’s peak cooling demand 
from over 20,000 RT to only 9000 RT on weekday. 
 
 
 
 
 
 
 
 
 
 

 
Figure 2. Project Cooling Load Profile 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Picture of Chilled Water Thermal Storage Tank 
 

Figure 4. System Operation with Chilled Water Thermal Stor-
age tank 

 
With support from project owner which is a state en-
terprise, they agreed to use the CCP system as the 
main chilled water production system to supply 
chilled water for all buildings. Because of high sys-
tem energy efficiency and benefit of on-site genera-
tion, the CCP system had reduced the overall elec-
tricity usage from electricity Grid from over 60 MW 
to less than 35 MW. Chilled water storage tanks of 
7,500 m³ was constructed inside main office build-
ing zone A and 15,000 m³ in zone B with total ther-
mal storage capacity of about 30,000 RT-hr. The 
chilled water peak demand is only 6000 RT on day-
time by charging about 3500 RT capacity to chilled 

water thermal storage tank at night. So, the CCP sys-
tem can be specified at appropriate size to serve peak 
cooling demand while maintaining adequate break-
even period for investment. 
 Project owner had contracted a Service Provider to 
provide chilled water supply services to meet with 
tenant cooling demand at contract charge rate. The 
Service provider had invested on the CCP system, 
including the backup electric chiller plant, system 
operation and maintenance. 

The Combined Cooling and Power system (CCP) 
for this project has two units of package Gas Tur-
bine- Generator set of 5.5 MW (ISO Condition) cou-
pling with Direct Exhaust gas fired Absorption 
Chiller of 3,000 RT each. The backup system com-
prises of water-cooled centrifugal chiller 2000 RTx2 
units and 1000 RTx2 units. It should be reminded 
that when using gas turbine as prime mover, the 
electrical efficiency is highly affected by the ambient 
temperature. Because of the design temperature in 
Thailand is 35°C, the electrical efficiency is derated 
about 18% from rated capacity at ISO Condition. 
Therefore, Gas Turbine-Generator set 5.5 MW pro-
duces only 4.6 MW. However, the waste thermal en-
ergy increases and absorption chiller can recover 
more heat to produce chilled water. It shall be taken 
into account in feasibility study because the price of 
chilled water and electricity are not the same. 

Since service provider are both investor and op-
erator of chilled water production system to serve all 
cooling load demand of project. The project owner 
buys the chilled water from service provider at con-
tract price. The contract price can be calculated by 
chilled water charge rate formula below: 

 

tttttt SDMakeupWCCCPCDCCWP �����  (1) 

 
where  CWPt = Chilled Water Payment of period t; 
DCt = Demand Charge; PCt = Production Charge; 
CCt = Commodity Charge; MakeupWCt = Makeup 
Water Charge; and SDt = Surplus Demand Charge. 
 
 
“Commodity Charge” term depends on present elec-
tricity tariff and natural gas price. The risk may oc-
cur if chilled water formula only refers to electricity 
tariff because the electricity tariff changes less than 
natural gas. In case of natural gas price increase, the 
operating cost will be higher but the chilled water 
charge rate will be the same. 

From the strategy of thermal storage (DSM) and 
the system operation management (SSM), the feasi-
bility study for 30 years project lifecycle is possible 
at acceptable chilled water charge rate at internal rate 
of return of more than 15%. The relation between 
the chilled water charge rate per cooling unit and 
rate of return was shown in Figure 5.  
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Figure 5. Chilled Water Price corresponding with Internal Rate 
of Return 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6. Picture of Gas Turbine Generator 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7. Picture of Direct Exhaust Gas Fired Absorption 
Chiller 

 
 
 

4 GRID CONNECTION 

It is important that the CCP system is able 
to connect to electricity power grid. Utility 
company will not allow direct electricity 
sales to power user but would purchase 
electricity from CCP operator at non firm 
VSPP rate, for example 8-9 US cent/kWh.  

5 CONCLUSION 

The Combined Cooling and Power System 
(CCP) is a feasible solution for office 
building project application, which usually 
has high variation load profile characteris-
tic. By utilizing strategy such as evaluation 

of system capacity, demand side management, sup-
ply side management and formulate acceptable 
chilled water price to satisfy both investor and cus-
tomer. The chilled water formula should vary based 
on the utilized fuel’s costs i.e. the electricity and 
natural gas. 

Mega project has electricity demand in several 
MW scale. With CCP system the demand could be 
½ or 1/3 of the peak demand, which is one of the key 
factors for sustainable project development. As dis-
tributed generation plant, the CCP system adds reli-
ability to the electricity supply system. 
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