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OPPORTUNITY COST MODEL FOR CHILLER REPLACEMENT
Introduction

Chillers manufactured today are more energy efficient that those manufactured prior to 1995 as
reported in the TEAP chiller report. All chiller manufacturers offer chillers with energy
consumption of less than 0.6 kW/ton refrigeration (TR) in comparison with 0.8 kW/TR or
more for those manufactured prior to 1995. A simple cash-flow analysis would suggest that
investment in new non-CFC chillers could provide return on investment within 5 years or less
depending on energy cost, climate conditions, investment cost, and cost of capital. While
potential energy savings from replacing old CFC centrifugal chillers with new non-CFC
centrifugal chillers are apparent, replacement of old CFC chillers has not taken place in a large
scale in Article 5 countries nor Article 2 countries. Replacement of CFC chillers in Article 2
countries has been attributed mainly to either the scarce supply of CFCs or the regulatory
requirements.

A few chiller replacement projects financed both as stand-alone projects by the Multilateral
Fund (Mexico and Thailand) or, in case of Turkey the chiller replacement component is part of
the Refrigeration Sector Plan. The results of those demonstration projects are encouraging.
Incentives provided by the chiller replacement programs in the three countries in a form of
concessional loans, for Mexico and Thailand, or 25% grant financing, in case of Turkey, have
attracted interest of building owners. All these three projects have attracted counterpart
funding from the private and public sectors. Energy savings have been confirmed.

Based on the initial success of these projects, three countries are continuing with follow-on
projects. In case of Mexico, additional funding was injected to the project by the MLF and the
local energy conservation organization. In case of Thailand, the national energy conservation
fund has continued to provide concessional financing similar to the model employed by the
MLF funded project. For Turkey, the continuing replacement of chillers is possible through
the on-lending of the grant funds from its Montreal Protocol revolving fund. The conclusion is
that some sorts of subsidy are still required in spite of the fact that energy savings have been
proven.

Based on experience from the above projects, it could be concluded in addition to perceived
risk of the new non-CFC chiller technology, there are other barriers critical to CFC chiller
replacement. As pointed out in the previous projects, other barriers include, among others,
access to capital, other competing investment priorities, long-term commitments of companies’
resources, the level of technical capacity required for proper maintenance of new non-CFC
chillers, and investors’ view on the value of the cash inflows in the future. All of the
mentioned barriers, except the access to capital, could be considered in aggregate as
opportunity costs to investors.

Opportunity Cost Model

The India Chiller Sector Strategy financed by the Multilateral Fund and carried out in 2001 and
2002 by the World Bank aimed to quantify opportunity costs of replacing CFC chillers in
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India. The national survey was conducted to identify all CFC centrifugal chillers that were still
in operation at that time. The survey also included interviews with building owners and chiller
suppliers in India to determine performance characteristics and age distribution of the CFC
chillers. Efforts were spent on determining the relationship between the age of chillers and
energy consumption, maintenance costs, and down-time as these parameters constitute
operating costs of chillers.

1000TRE CFC-11 Centrifugal Chiller:
Owning and Operating Costs
And Replacement Policy
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Fig. 1: Replacement policy for a1000 ton CFC chiller based on the total owing cost

The model assumes that chiller owners will decide to replace their equipment when the owning
cost or total annualized cost, comprising of annualized capital cost and running cost, passes its
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minimum value. As running costs represent additional cash outflows in the future, the stream
of cash outflows in the future is discounted to reflect the time value of the money. In Fig. 1, a
discount rate of 15% was applied to all streams of recurrent costs. Based on this replacement
policy model with a 15% discount rate, the optimal time for replacing this 1,000 ton CFC
centrifugal chiller is when it has aged more than 12 to 15 years. Replacement would take place
later if the discount rate becomes higher.

According to the survey finding, chillers are, in average, replaced when they are more than 30
years old. Based on the 30 years replacement policy, a CFC chiller phase-out schedule for
India was determined.

Centrifugals: Projected CFC Capacity Phase-out Profiles
Cost-Minimizing Model at different Discount Rates
Compared with Manufacturers Baseline
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Fig. 2: Phase-out scenarios of CFC centrifugal chillers in India
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In Fig. 2, the vertical axis “chiller capacity” represents the total cooling capacity of CFC
centrifugal chillers installed in India. The chiller capacity at any given year is determined by
adding up cooling capacity of each of the CFC centrifugal chillers that are still in operations.
Based on the manufacturer’s recommended life of chillers or the 30 years replacement policy,
CFC chillers will be replaced over time from 2002 to 2030. Replacement or retirement of CFC
chillers will result in the reduction of the total installed cooling capacity. The phase-out of
CFC chillers, therefore, represents by the broken line in Fig. 2.

To model chiller owners’ decision to replace their CFC chillers, a replacement model based on
individual units described in Fig. 1 was conducted for each of the 1,500 units installed in India.
Different values of discount rates were used in order to determine the level of opportunity costs
acceptable by the Indian industry. According to Fig. 2, the discount rate that best reflects the
30 years replacement policy is about 30%. Since most chillers in Article 5 countries are
normally replaced when they are more than 30 years old, it is reasonable to assume that the
same discount rate or opportunity costs would be applicable for all Article 5 countries.

Analysis of Opportunity Cost of Chillers Replacement
To demonstrate the relationship between the opportunity cost and the investment decision of

chiller owners, a case study of replacing an existing 500 TR CFC chiller with a new non-CFC
chiller of the same capacity is shown below.

Existing New

Chiller Chiller
Cooling Capacity (TR) 500 500
Energy Consumption (kW/TR) 1.0 0.63
Electricity Cost (US$/kWh) 0.07 0.07
Operating Hours (hrs/day) 16 16
Operating Days (days/month) 30 30
Energy Consumption (kWh/year) 2,880,000 1,814,400
Cost of New Chiller (US$) 200,000
Annual Cost of Energy (US$) 198,720 125,194
Carbon Emission [0.22kgC/kWh]
(tC) 13,090.91 8,247.27

Table 1: Replacement of 500 TR CFC chiller with new non-CFC chiller

Existing CFC chillers, which are more than 10 years old, would typically consume energy
within the range of 0.85 to 1 KW/TR while it is common to find new chillers offered in the
market today have an energy consumption rate of less than 0.6 KW/TR. For this analysis, 1.0
KWI/TR is used as energy consumption of the existing CFC chiller and 0.63 KW/TR for the new
non-CFC chiller.

Based on the operating conditions described above, this proposed replacement results in an
energy consumption reduction by over a million KkWh per year. This will result in an annual

-5-
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energy cost saving of $73,526. This annual energy cost saving represents the constant cash
inflow for the next five years after installation of the new non-CFC chiller.

Year Opportunity Cost of 30%
0 Capital Investment 200,000
1 Inflows 56,558
2 Inflows 43,507
3 Inflows 33,467
4 Inflows 25,743
5 Inflows 19,803
(20,922)

Table 2: Cash-flow analysis for replacing a 500 TR chiller

Without taking the time value of the money into consideration, the annual savings of $73,526
would result in a return on investment within less than 3 years. However, in the view of
investors, the future stream of cash inflows has a much lesser value as demonstrated by the
India Chiller Sector Strategy. Investing of $200,000 in the new chiller would require investors
to postpone their investment in other activities that could generate faster return for their
investment. When the opportunity cost of 30% is applied to the future cash inflows,
investment in the new chiller becomes undesirable as the net present value of this investment
becomes negative. To make this investment desirable or all opportunity costs are covered,
capital investment should be reduced by $20,922. This could be considered as an incremental
cost of replacing this CFC centrifugal chiller.

The opportunity cost of replacing CFC chillers would be higher for younger chillers,
particularly those with lower energy consumption per ton of refrigeration. For example,
replacement of a 500 TR CFC chiller with energy consumption of 0.83 kW/TR would incur an
opportunity cost of more than $100,000.

Year Opportunity Cost of 30%

0 Capital Investment 200,000

1 Inflows 30,572

2 Inflows 23,517

3 Inflows 18,090

4 Inflows 13,915

5 Inflows 10,704
(103,201)

Table 3: Opportunity cost of replacing 0.83 kW/TR 500 ton CFC chiller

For older chillers whose energy consumption is higher than 1.0 kW/TR, replacement of such
chillers would be desirable without incurring any additional opportunity cost. In fact, such a
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replacement decision would result in an internal rate of return of more than 30%. This is
shown in Table 4.

Year Opportunity Cost of 30%

0 Capital Investment 200,000
1 Inflows 71,845
2 Inflows 55,265
3 Inflows 42,512
4 Inflows 32,701
5 Inflows 25,155

27,478

Table 4: Opportunity cost of replacing 1.1 KW/TR 500 ton CFC chiller
Conclusions and Next Steps

Energy savings from replacing chillers alone would not be sufficient to promote chiller
replacement or CFC phase-out in this sector unless all costs including opportunity costs are
addressed. Opportunity costs could be determined on the basis of a 30% discount rate. The
actual opportunity costs (in the dollar term) could vary depending on operating environment
(cost of energy, operating hours, and energy consumption rate). Replacing chillers with higher
efficiency units could result in a significant reduction of carbon emissions. This provides
possibility for co-financing the cost of CFC phase-out in the chiller sector.

Phasing out of medium age CFC chillers (in the range of 10 — 25 years) would incur
opportunity costs to chiller owners approximately 10% - 30% of initial cost of the new chillers.
These costs would be higher in case of younger and more efficient CFC chillers. For older
chillers whose energy consumption is higher than 1.0 kW/TR, energy savings generated from
replacing the old chillers would offset any opportunity costs. Given that the chiller
replacement would generate significant energy savings and carbon emission reduction, it
would be desirable to seek co-financing from other sources (e.g., Clean Development
Mechanism, local energy conservation funds, and etc.) to supplement funds to be provided by
the Multilateral Fund. This would enable Article 5 countries to address the whole range of
CFC chillers remaining in the countries.

The barrier related to access to capital should also be addressed. To ensure that all countries,
large and small, will benefit from the CFC phase-out program in the chiller sector, an
innovative approach to channel required financial incentives to all countries should be
considered. In this regard, the World Bank is proposing to develop the operational modalities
for a global funds or regional funds to support this activity.  The aim of the proposed
operational procedures would be to the establishment a global/regional fund accessible to CFC
chiller owners in general. An operational mechanism must take into consideration potential
local and regional participation of financial institutes, role of global chiller suppliers, role of
national Ozone Units etc.




