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BACKGROUND
1. The 46™ Meeting of the Executive Committee discussed a study on criteria and
modalities for chiller demonstration projects contained in document

UNEP/OzL.Pro/ExCom/46/37, which had been prepared pursuant to decision XVI/13 of the
Sixteenth Meeting of the Parties and decision 45/4 (d) of the 45" Meeting of the Executive
Committee.

2. Following the discussion, the Executive Committee decided to utilize a funding window
of US $15.2 million for additional demonstration projects in the chiller sub-sector. UNDP,
UNIDO and the World Bank, as well as interested bilateral agencies, were requested to submit to
the 47™ Meeting of the Executive Committee project proposals that could be replicated in other
countries to demonstrate the feasibility of and modalities for replacing centrifugal chillers in the
future through use of resources external to the Multilateral Fund (Decision 46/33). The agencies
were encouraged to submit such projects on a regional basis to allow as many countries as
possible to be included. The Executive Committee also agreed on conditions for such projects.

3. Projects have been received from UNDP, UNIDO and the World Bank as well as from
Canada as a bilateral agency in co-operation with UNDP. An overview of the projects received is
contained in the table below. Each agency has selected a different approach to chiller projects,
with the approach of the joint project from Canada and UNDP being similar to the one from
UNDP.

4, This document contains an overview and comparison of the characteristics of the projects
submitted. Annex | to this document contains examples for the projects from each agency, as
indicated in the table below. All project proposals shown in the table will be available for
download from the Secretariat’s website.

Country Region Agency [Title Annexed as
example
. . Demonstration project for integrated management of the centrifugal chiller
. Latin America and ) : . s o
Brazil ) UNDP |sub-sector in Brazil, focusing on application of energy-efficient CFC-free Yes
the Caribbean . :
technologies for replacement of CFC-based chillers
Barbados Regional demonstration project for integrated management of the
Domenican Republic Latin America and UNDP centrifugal chiller sub-sector in the Caribbean, focusing on application of
Jamaica the Caribbean energy-efficient CFC-free technologies for replacement of CFC-based
Trinidad and Tobago chillers
. . Demonstration project for integrated management of the centrifugal chiller
. Latin America and ) h : Lo -
Colombia . UNDP |sub-sector in Colombia, focusing on application of energy-efficient CFC-
the Caribbean - j
free technologies for replacement of CFC-based chillers
. . Demonstration project for integrated management of the centrifugal chiller
Latin America and | Canada ) . I L
Cuba . sub-sector in Cuba, focusing on application of energy-efficient CFC-free
the Caribbean and UNDP . :
technologies for replacement of CFC-based chillers
Bahrain West A5|a'and Demonstration Project on the Replacement of CFC Centrifugal Chillers in
Central Asia and UNIDO hrai d Svri Yes
Syria Eastern Europe Bahrain and Syria
Croatia
Former_ Yugoslav . West AS|a'and Demonstration Project on the Replacement of CFC Centrifugal Chillers in
Republic of Macedonia  [Central Asia and UNIDO . . : )
- Croatia, Serbia and Montenegro, Romania and Macedonia
Romania Eastern Europe
Serbia and Montenegro
China
India Global, focus East World
Indonesia Asia and South Global Chiller Replacement Project Yes
- } Bank
Malaysia Asia
Philippines
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5. In its decision 46/33, the Executive Committee also requested UNEP to submit a project
proposal regarding implementation of relevant information, dissemination and awareness
activities at a global level with the objective of disseminating the experience gained in the
demonstration projects globally. UNEP submitted a related project proposal for consideration at
the 47" Meeting. Since it is not a demonstration project, it is discussed in document
UNEP/OzL.Pro/ExCom /47/20, “Report of the Secretariat on the experiences gained during
project preparation and any need for changes in or amendments to the criteria and modalities
approved in decision 46/33 with respect to chiller demonstration projects”.

6. Detailed analysis of the chiller demonstration projects received will follow in an
addendum to this document.
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THIS CONSISTS OF THE THREE PROJECTS LISTED BELOW
AS SUBMITTED TO THE SECRETARIAT BY THE AGENCIES

Title

Demonstration project for integrated management of the centrifugal
chiller sub-sector in Brazil, focusing on application of energy-efficient
CFC-free technologies for replacement of CFC-based chillers

Demonstration Project on the Replacement of CFC Centrifugal
Chillers in Bahrain and Syria

Global Chiller Replacement Project

Agency

UNDP

UNIDO

World
Bank

Annex I

Page

46

68
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MULTILATERAL FUND FOR THE IMPLEMENTATION OF THE
MONTREAL PROTOCOL ON SUBSTANCES THAT DEPLETE THE OZONE LAYER

PROJECT COVER SHEET
COUNTRY: BRAZIL IMPLEMENTING AGENCY: UNDP
PROJECT TITLE: Demonstration project for integrated management of the centrifugal chiller sub-sector

in Brazil, focusing on application of energy-efficient CFC-free technologies for
replacement of CFC-based chillers

PROJECT IN CURRENT BUSINESS PLAN: Yes
SECTOR: Refrigeration & Air Conditioning
SUB-SECTOR: Chillers
ODS USE IN SUB-SECTOR: Current (2004) 98 MT ODP
PROJECT IMPACT: Reflecting the net ODP value Not MT ODP (* demonstration)

applicable
PROJECT DURATION: 3 years (2006 — 2008)

MLF Counterpart Total
PROJECT COSTS & FUNDING: USS$ 1,000,000 350,000 1,350,000
(GEF pdf'b)
AGENCY SUPPORT COSTS: US$ 75,000 31,500 106,500
TOTAL COSTS: US$ 1,075,000 381,500 1,456,000
LOCAL OWNERSHIP: 100%
EXPORT COMPONENT: 0%
STATUS OF COUNTERPART FUNDING: As described above
PROJECT MONITORING MILESTONES: Included
NATIONAL COORDINATING BODY: MMA/Prozon
PROJECT SUMMARY

This project aims at developing and demonstration of sustainable institutional and financial mechanisms to facilitate integrated
management of the centrifugal chiller sub-sector in Brazil, through application of environmentally sound and energy-efficient alternative
technologies for replacement of CFC-based centrifugal chillers. Upon completion, the project will have the following primary outcomes:
(a) creating conditions favorable for removal of technological, financial and regulatory barriers to early replacement of CFC-based
chillers (b) elimination of the residual consumption of Annex-A, Group-I substances (CFCs) in servicing of CFC-based centrifugal
chillers Brazil; (c) creation of a stockpile of CFCs recovered from replaced chillers to be used for servicing of those CFC-based chillers,
for which replacement is not immediately viable (d) demonstration of energy savings through application of energy-efficient
replacement technologies and (e) demonstration of reductions in greenhouse gas emissions through application of energy-efficient
replacement technologies. From a sample numbering 64 chiller installations, representing the priorities of the Government of Brazil in
terms of ownership and end-use profiles, a representative sample of 15 chillers will be selected for replacement demonstration.

The secondary outcomes of this demonstration project would be: (a) Compilation of a national inventory and conversion priority list of
CFC-based chillers; (b) Compilation of a range of cost-effective replacement technology options and (c) Capacity-building of national
expertise in implementation of chiller replacement technologies. It is expected that the primary and secondary outcomes of the project
would be critically useful in developing a strategy for country-wide replacement of CFC-based chillers through leveraging a
combination of funding sources such as commercial finance, carbon finance and other multilateral and bilateral funding sources.

PREPARED BY: UNDP jointly with MMA/Prozon and chiller task force national team DATE: 3 October 2005
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BRAZIL

DEMONSTRATION PROJECT
FOR INTEGRATED MANAGEMENT OF THE CENTRIFUGAL
CHILLER SUB-SECTOR IN BRAZIL, WITH FOCUS ON
APPLICATION OF ENERGY-EFFICIENT CFC-FREE TECHNOLOGIES
FOR
REPLACEMENT OF CFC-BASED CHILLERS

Prepared jointly by

MMA/Prozon
United Nations Development Programme
3 October 2005
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Total Equivalent Warming Impact
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PROJECT OF THE GOVERNMENT OF BRAZIL

Demonstration Project for Integrated Management of the Centrifugal Chillers Sub-sector
in Brazil, focusing on Application of Energy-efficient CFC-free technologies for
Replacement of CFC-based chillers

1. SITUATION ANALYSIS — MOP and ExCOM GUIDANCE

Decision XVI/13 of the Meeting of the Parties to the Montreal Protocol (November 2004) requested
the Executive Committee of the Multilateral Fund for the Implementation of the Montreal Protocol
(MLF) to consider funding additional demonstration projects' in the chillers sub-sector to help
demonstrate the value of replacement of CFC-based chillers, as well as to increase awareness of
users of the impending phase-out and options that may be available for dealing with their chillers.
Decision XVI1/13 also requested countries preparing or implementing Refrigerant Management Plans
(RMPs) to consider developing measures for the effective use of the ozone-depleting substances
recovered from the chillers to meet servicing needs in the sector.

Further to this Decision, the Executive Committee of the Multilateral Fund (ExCom) adopted
Decision 45/4 (d) in April 2005, requesting that criteria and modalities for chiller demonstration
projects be developed. At the same time, the ExCom set aside a funding window of US $15.2 million
dollars for funding in this sub-sector in response to the MOP decision.

At its 46™ Meeting (July 2005), the ExCom adopted criteria and modalities for chiller demonstration
projects under Decision 46/33. The main aim of the decision is to allow for utilization of the US
$15.2 million funding window for additional demonstration projects in the chiller sub-sector, with an
understanding that no further funding for chiller replacement would be approved by the ExCom, as
per the following guidelines (paraphrased):
(1) That the MLF agencies, as well as interested bilateral agencies, submit project proposals to
ExCom 47 (November 2005) that demonstrate replicability and scale-up potential (feasibility of, and
modalities for) for replacing centrifugal chillers in the future through use of resources external to the
MLF. Agencies were encouraged to submit such projects on a regional basis to allow as many
countries as possible to be included;
(i1) To agree to the following conditions for such investment demonstration projects:
1. Countries participating in the demonstration should have enacted and were enforcing
legislation to phase out ODS (refer to Section 3.3);
2. As the project is intended to use financial resources outside the Multilateral Fund, the
credibility of those financial resources should be indicated at time of submission to the Fund, on
the understanding that such financial resources should be secured before disbursement of funds
approved under the Fund commences (refer to Section 3.5);
3. The total funding per investment will be determined using an accessible mathematical and/or
business model, taking into account relevant decisions of the Executive Committee (refer to
Section 5.4);

! There are 4 ongoing demo programmes for replacement of CFC chillers at present — Céte d’Ivoire, funded by France; Mexico
(managed by the World Bank using UK MLF bilateral contribution + private sector input), Thailand (managed by the World Bank
with joint financing through MLF and GEF) and Turkey (managed by the World Bank with MLF funding — CFC chiller phase-out as
part of Refrigerant Mgmt Plan)

UNDP Brazil Chiller Demonstration ProDoc 031005 (V' 5.5) -6-
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4. The maximum Multilateral Fund grant for a particular country is US $1,000,000; for regional
projects, approval of additional funding on a revolving fund basis could be decided on a case-by-
case basis (refer to Section 6.2); and,

5. The project proposal includes a general strategy for managing the entire CFC chiller sub-
sector including the cost-effective use and/or disposal of CFCs recovered from chillers in the
countries concerned (refer to Annex 3).

2. PROJECT OBJECTIVES — Aims and Outcomes

This project aims to develop and demonstrate sustainable institutional and financial mechanisms to
facilitate integrated management of the centrifugal chiller sub-sector in Brazil, through application
of environmentally sound and energy-efficient alternative technologies for replacement of CFC-
based centrifugal chillers.

2.1. a. The project will have the following primary outcomes:

a) Creating conditions favorable for removal of technological, financial and regulatory/fiscal
barriers to conversion to of non-CFC energy efficient chillers;

b) Based on the above, establish a business model for market transformation;

¢) Reduction/elimination of the residual consumption of Annex-A, Group-I substances (CFCs) in
servicing of CFC-based centrifugal chillers Brazil;

d) In coordination with the ongoing activities being implemented under the National Phase Out
Plan, creation of a stockpile of CFCs recovered from replaced chillers to be used for servicing of
those CFC-based chillers, for which replacement is not viable;

e) Demonstration of energy cost savings through application of energy-efficient replacement
technologies; and,

f) Demonstration of reductions in greenhouse gas emissions through application of energy-efficient
replacement technologies, a component that will satisfy the requirements for the associated GEF
co-financing request.

2.1.b. The secondary outcomes of this demonstration project would be:

a) Compilation of a national inventory and conversion priority list of CFC-based chillers;

b) Compilation of a range of cost-effective replacement technology options; and,

c) Capacity-building of national expertise in implementation of chiller replacement technologies.

It is expected that the primary and secondary outcomes of the project would be critically useful in
developing a replicable strategy for country-wide replacement of all CFC-based chillers through
leveraging a combination of funding sources such as commercial finance, carbon finance and other
multilateral and bilateral funding sources and counterpart funding from intended recipients.

The project is intended to serve essentially as a demonstration project for funding mechanisms, for
institutional and management frameworks and for energy and cost savings through adoption and
application of appropriate technologies. To this end, a representative selection of chillers, drawn
from a sample set of 64 nationally-owned chiller installations, representing the priorities of the
Government of Brazil in terms of ownership and end-use profiles, have been selected for this
replacement demonstration.

UNDP Brazil Chiller Demonstration ProDoc 031005 (V' 5.5) -7-
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3. BACKGROUND
3.1 Introduction

Brazil is the fifth largest country in the world, with a population of about 175 million. Brazil has a
tropical climate in most areas, except parts of the South, which have a temperate climate. The
predominance of lower altitudes throughout the country provides more elevated temperatures, with
average annual temperature standing at 28°C in the northern region and 20°C in the south. Extreme
temperatures, while relatively rare, do occur. At the peak of a Rio de Janeiro summer, temperatures
may crest 40°C.

The contributors to GDP were Agriculture (about 8%), Industry (about 38%) and Services (54%).
The real annual GDP growth as of 2004 was about 5%. Over 70% of visitors to Brazil arrive for
leisure and tourism. Tourism contributed to over 10 million jobs to the economy. Given the
predominantly tropical climate, high contribution of the Services Sector to the GDP, and importance
of tourism to the economy, the size of the Refrigeration and Air Conditioning Sector in Brazil is
significant, in which building air conditioning systems play an important role.

Chillers are refrigeration systems that cool either a water or a water/antifreeze mixture which is then
circulated for use principally in building comfort air-conditioning and industrial processes. For many
years, centrifugal chillers were the most common type of cooling system available above 700 kW
capacity. Mainly manufactured in the United States, with some manufacturing occurring in Asia and
Europe, prior to 1993 centrifugal chillers were offered with CFC-11, CFC-12, R-500 (mixture of
CFC-12 and HFC-152a) and HCFC-22 as refrigerants. CFC-11 was the most common.

With the advent of the Montreal Protocol on Substances that Deplete the Ozone Layer, global
production of chillers using CFCs or refrigerants containing CFCs essentially came to an end. The
average chiller manufactured today uses about 35% less electricity than chillers produced just two
decades ago. With the best technology available, operated on HCFC-123 or HFC-134a, new chillers
can use up to 50% less electricity than an average chiller from 1976.% Energy efficiency savings is
therefore a primary environmental consideration and potential economic incentive for conversion to
non-CFC chillers.’ Replacing CFC based chillers also contributes to reduced greenhouse gas
emissions, both from an energy consumption perspective and from reduced emissions of CFCs
which have high global warming potential®. Naturally, the choice of non-CFC refrigerants will affect
the aggregate greenhouse gas emissions impact of the substitute technologies.

Brazil has a significant centrifugal chiller population, numbering upwards of 1,250, located mostly
in the country’s large urban areas. To date, the potential for energy efficiency improvement and
energy savings in this sector remains poorly tapped. A number of important external considerations
come into play when assessing and determining a realistic payback period, including for example,
electricity prices, energy subsidies, legislative/regulatory controls, the condition of the remainder of
the circuit (where possible redesign and replacement of heat compressors, pumps, etc. can have a

2 Report of the TEAP Chiller Task Force, Technical and Economic Assessment Panel of the Montreal Protocol, May 2004.

3 Ibid. While some alternatives (HFCs) do possess Global Warming Potential (GWP), refrigerants on the whole do not contribute to
global warming unless released into the atmosphere. Properly maintained chillers of modern design emit less than 1% of their
refrigerant charge each year. The dominant global warming effect caused by chiller operation is therefore, the carbon dioxide emitted
during combustion of fossil fuels used to generate the electricity required to drive them.

4 CFC-11 has a GWP of 5000, while CFC-12 has a GWP of 8500
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negative impact on the economic payback period), as well as overall efficiency improvements in the
building (e.g. efficient lighting, better insulation).

3.2 Brazil’s Montreal Protocol Activities

Brazil ratified both the Vienna Convention for the Protection of the Ozone Layer and the Montreal
Protocol on Substances that Deplete the Ozone Layer in March 1990. It has also subsequently
ratified the London Amendment in October 1992, the Copenhagen Amendment in June 1997, as well
as the Montreal and Beijing Amendments in June 2004.

The Brazil Country Programme was prepared with the assistance of the MLF approved at the 6™
meeting of ExCom in 1992. It was approved at the 13™ meeting of the ExCom in July 1994. The
Country Programme proposed measures and actions to be undertaken by the government and
industry to facilitate the phase-out of ODS in the various ODS consuming industry sectors and to
assist them for complying with the country’s commitments and priorities. Interventions included
institutional and regulatory measures, marketing and information dissemination, technical assistance,
training and investments for technology conversions.

Currently, the most consumed group of controlled substances is the Annex A Group I, which
includes the most common CFC, mainly used in the foams and various refrigeration sectors. While a
major portion of the consumption by the industrial manufacturing sectors (i.e. domestic, commercial
refrigeration producers and foams producers) have been phased out with the assistance of the
Multilateral Fund, there is still remaining consumption in the servicing sector, including the chillers
maintenance sector.

2004 CFC consumption breakdown by sector reported by the National Phase-out Plan’s Programme
Management Unit (PMU) is as follows:

Table 1: 2004 Consumption Breakdown by Sector (as reported by National Project Mgmt Unit)

Consumption by Sector in ODS Tonnes/Yr

Substance Aerosol | Foam | Fire Ref rtgiratlon So.lvel.tt Process Agent S.ml . Total
() applications Fumigation
CFC-11 4 11.05 - 28 - - -
CFC-12 43 00 - 1799.46 - - -
CFC-113 - - - - 3 - -
CFC-114 9 - - - - - -
CFC-115 - - - - - - -

(*) Includes the CFC-11 used in domestic refrigeration foams

A National Phase-Out Plan (NPP) for the elimination of CFCs was approved by the ExCom at its
37™ Meeting in July 2003. The NPP contains projects to complete the phase out in the manufacturing
sectors as well as technical assistance activities to phase out the consumption in the servicing sector.

The main activities currently being implemented under the auspices of the NPP include:

J PU Foam Manufacturing Sector - CFC Conversion Projects
o Commercial Refrigeration Manufacturing Sector - CFC Conversion Projects
o Domestic & Commercial Refrigeration Service Sector:
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Service Technician Training Project
CFC-12 Recovery Project
CFC-12 Reclaim Centre Project

D= e

MAC Service Sector - CFC-12 R&R Pilot Project

Industrial Refrigeration and Central Air-Conditioning Service Sector - CFC R&R Project
Technical Assistance for MDI Transition Strategy

Investment Project to phase out the use of CFC 12 in Sterilants

Customs Officer Training

Brazil’s chiller owners will face the same commitment obligations as all CFC end users in the
country, based on the full and accelerated phase-out commitment made by the Government to the
ExCom at its 37" meeting. As per this agreement, US $26.7 million in funding was approved in
principle for the phased reduction and complete phase-out of consumption of Annex A, Group I
substances in Brazil by 2010.

3.3 Brazil’s Montreal Protocol Institutional Framework

The activities related to ozone layer protection and implementation of the Montreal Protocol, are
coordinated by PROZON, the Inter-ministerial Executive Committee created which decides on all
policy related matters and on overall strategy to be followed in the country to meet the Montreal
Protocol control targets. The Ministry of the Environment (MMA) acts as the executive secretariat
for PROZON. IBAMA (Instituto Brasileiro do Meio Ambiente e dos Recursos Naturais
Renovaveis), the agency responsible for the enforcement of legislation, is part of the MMA. The
Committee, coordinated by the Ministry of the Environment, was created by a Decree of the
President of Brazil published on 19 December 1995 and updated in March 2003, and includes
representation of another six Ministries: Ministry of Development, Industry and Foreign Trade,
Ministry of Foreign Relations, Ministry of Science and Technology, Ministry of Economy, Ministry
of Health and Ministry of Agriculture.

The licensing system and CONAMA Resolution 267, of 14 September 2000 established the overall
regulatory framework for ODS consumption, export, production and use in Brazil. IBAMA hosts the
federal ODS registry (all ODS users must register to use and commercialize ODS and IBAMA
monitors and enforces the legislation). Fines are applied when irregularities are detected. There have
been cases of apprehension of CFCs reported recently in the media. Resolution 267 introduced an
import quota for CFC 12 commencing 01 January 2001. Enshrined in CONAMA Resolution 267, it
defined a maximum baseline level for CFC 12 imports of 8,259 tonnes that must be progressively
reduced according to the following schedule:

Table 2 - Annual Maximum Import Quota for Annex A, Group I CFCs

CFC 12 Maximum Import Quota by Year (tonnes)
Baseline for
CFC 12 Year
Import
Quota 2001 2002 2003 2004 2005 2006 2007
8,259 7,020 5,368 3,717 2,065 1,239 413 0
tonnes
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The same legislation clearly states 1 January 2007 as the phase-out date for all CFC imports except
for defined “essential uses”.

CONAMA Resolution 267 also addresses the control of CFC 11 imports, again with effect from 1
January 2001. There is no import quota quantity specified for CFC 11. Article 3 of this Resolution
permits the import of CFC 11 only for consumption by those companies registered with the Brazilian
Federal Environmental Agency (IBAMA) with projects to convert to CFC-free technologies that are
in the process of implementation or in preparation.

A summary of the ODS related regulatory and policy support established by the Government of
Brazil is presented below:

1988 - Enactment of 3 Government Decrees from the Ministry of Health
banishing the use of ODS in aerosols:
- Government Decree n° 01 - use of labels specifying that the product is
CFC free;
- Government Decree n°. 534 - prohibition of ODS use in aerosols;
- Government Decree n°. 647 -specifies the ODS banned.

1991 - Establishment of the Ozone Working Group - GTO (Decree n°.
929/81)

1993 - Establishment of the ODS consuming companies database by the
Brazilian environmental agency - Ibama in Decree n°® 27/93.

1994 - Rio Grande do Sul State Law n°. 10.169/94, prohibiting the release of
ODS into the atmosphere.

1995 - Enactment by the Brazilian Environmental Agency (Ibama) of Decree
n°. 29/95, which made it mandatory for companies to provide ODS
consumption data;

- Rio de Janeiro State Law n°. 2457/95, prohibiting ODS emissions to
the atmosphere;

- Establishment of the Inter-ministerial Executive Committee for the
Protection of the Ozone Layer (PROZON) by the President of Brazil.
Decree dated 19/09/95.

- Resolution n°. 13/95 from the National Environment Council
(Conama), which established phase-out dates for production and
consumption of MP controlled substances

1996 - Official Communication n°. 07/96, establishing deadlines for the
foreign trade of equipment containing ODS.

1997 - Green Procurement/ Sdo Paulo State Level Decree n°. 41.629/97,
prohibiting government owned institutions to buy equipment and
products containing CFC;

- Enactment by the National Environment Council (Conama) of
Resolution n°. 229/97 that postponed the deadline for the solvents sector
phase-out to 01/01/99.

1998 - Official Communication n°. 37/98 that created the Licensing System.

Ministry of Industry

- Green Procurement Federal Level Decree banning the purchase of CFC
equipment and products in government own institutions/buildings
(Decree n°. 2783/98).
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1999 - Regulatory Instruction for Halons n° 01/99

2000 - National Environment Council — Conama approves legislation
updating the phase-out deadlines and creating the ODS import quotas
system (Conama Resolution n°267/00).

2003 - Establishment of the new Inter-ministerial Executive Committee for
the Protection of the Ozone Layer (PROZON) by the President of
Brazil. Decree dated from 03/07/03.

- Establishment of the Ozone Working Group by the Ministry of the
Environment (Regulatory Instruction, September/2003).

- Alteration, through Resolution in September 2003, of Article 7 of
Conama Resolution 267/00 as to adapt specifications of recovery
cylinders to the needs of the National CFC Phase-out Plan.

The activities related to CFCs that have impact on chiller sub sector are the following:

e To monitor closely the CFC-12 import quota reduction schedule as defined in Conama
Resolution 267 so as to guarantee compliance. Evaluate market conditions and adequacy of
supply;

e To monitor CFC-12 import licence quotas so as to safeguard the availability of CFC-12
according to the permitted import levels, and to provide adequate distribution of the quotas
between major importers;

e To revise the CFC-12 import quota allocation system if necessary in order to permit transfers
of unused quotas from one authorised importer to another on a quarterly basis;

e To monitor the existing legislation on CFC-11 imports to guarantee the needs of CFC-11
imports for the service of CFC-11 based centrifugal chillers in the central air-conditioning
and industrial refrigeration sectors;

e To analyse the impact of the 2007 phase-out schedule for CFC-11 to the needs of the chiller
users, establishing a specific import quota for CFC-11 if needed.

e To revise all Federal and State Transport legislation to permit the unhindered transportation
of recovered, recycled, and reclaimed CFCs between enterprises and regional CFC
recycling/reclamation centres, and vice versa.

3.4  Brazil’s Energy Demand Scenario

The total electricity generation in Brazil (2002) was about 340 billion Kwh, over 90% of which was
from hydroelectric sources. The total consumption of electricity was 360 billion Kwh, representing a
shortfall of about 7%, which was met through import from Paraguay. Due to significant reliance on
hydroelectric power generation, the GHG emissions from power generation in Brazil are among the
lowest in the world. The carbon intensity of the power sector in Brazil is about 0.3 kg-C/Kwh.

To advance in the implementation of the UNFCCC, the Government of Brazil appointed an Inter-
Ministerial Commission for Sustainable Development in June 1994. Since 1985 the Government is
supporting a national program (PROCEL) to promote the efficient supply and use of electricity and
reduce energy waste. The major historical barriers to Brazilian energy efficiency investments have
been an unstable economy and subsidized energy (especially electricity) prices. The recent
stabilization of the Brazilian economy has provided the essential foundation for cost reduction
investments such as energy efficiency (EE) projects. The movement of energy prices toward cost
based pricing and electricity tariffs reflecting peak and off-peak costs provides a growing incentive
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for energy efficiency investments. The Ministry of Mines and Energy’ is responsible for the energy
sector. As part of the reforms, the state is moving away from commercial activities restricting itself
to the policy and regulatory functions. The new, more indirect, role of the government also implied
changes in the financing of energy efficiency and R&D.

Law # 9991 of 24 July 2000, mandates electric energy distribution companies to invest in research
and development (R&D), and in energy efficiency programmes. They are required to apply annually,
as a minimum, the amount of 0.75 % of their operational liquid income to R&D for the electric
energy sector; and, a minimum of 0.25 % in programmes of energy efficiency for the end use, noting
some variations in percentage as dictated by this law. For instance, the law established that until
31/12/2005 the defined percentages are 0.5% and 0.5% each for R&D and energy efficiency.
Investments are to be applied according to ANEEL regulations. ANEEL, the Agencia Nacional de
Energia Eletrica, was created by Law 9427 (1996) and is part of the Ministry of Mines and Energy
(MME). ANEEL regulates and inspects the production, transmission, distribution and
commercialization of electric energy in Brazil.® The state-owned utility Eletrobras has also been
implementing the energy savings program PROCEL’ since 1998.

In 2001, Brazil experienced a significant energy crisis that resulted from two contributing: a) a
severe drought, which in turn compromised hydroelectric production capacity; and b) the sheer
limitations of the system’s generation capacity. National stakeholders interviewed during the project
preparation process indicated concern that if significant investment in Brazil’s energy production
infrastructure were not made, the risk of a similar situation arising by 2008 is considered high.

4. THE CHILLER SECTOR - Replacement Technology Options and Costs

Traditionally, central air conditioning systems used fluorocarbon refrigerants to chill water in a
cooling loop. The chilled water produced in a chiller is then circulated throughout the building to air
handling units located in various parts of the building, for cooling the air. There are four basic types
of water chillers, typically of over 100 tons capacity, used for central air conditioning of buildings:

a) Reciprocating compressor-based (open or semi-hermetic): Capacity up to 200 TR

b) Rotary compressor-based (open or semi-hermetic): Capacity typically up to 400 TR

c) Centrifugal compressor-based (open or semi-hermetic): Capacity typically 200 TR and
above

d) Absorption systems (do not use either compressors or fluorocarbon refrigerants):
Capacities typically 150 TR and above.

The present discussion and analysis will limit itself to centrifugal chillers (and absorption chillers in
context of replacement).

Large-capacity central air conditioning systems, especially those installed in the 1970s to the early
1990s, were predominantly designed with centrifugal compressors and used CFCs as refrigerants.
The commonly used refrigerants in centrifugal chillers were CFC-11 (predominant), CFC-12, CFC-
500 and HCFC-22 until the initiation of controls of CFCs. Centrifugal Chillers are typically electric

Ministério de Minas e Energia

Please visit www.aneel.gov.br/cedoc/Iei20009991.pdf and www.aneel.gov.br for more information, as
necessary

Programa Nacional de Conservagdo de Energia Elétrica (PROCEL)
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motor-driven, but in some applications, driven by engines or turbines.

The initial refrigerant charge in centrifugal chillers is 1-2 kg per TR (ton of refrigeration) depending
on the refrigerant used and the system type. Annually, the typical refrigerant loss in an open
compressor centrifugal chiller ranges typically around 1-10% of the initial refrigerant charge,
depending on the practices followed and the chiller technology and age.

There are three types of centrifugal chillers:

Low-pressure chillers: CFC-11 as the refrigerant (usually up to 1,000 TR)
Medium-pressure chillers: CFC-12 or 500 as the refrigerant (300 - 1,500 TR)
High-pressure chillers: HCFC-22 as the refrigerants (usually from 300 - 8,500 TR)

Centrifugal chillers are also classified as open type (where the compressor and the drive motor are
separately mounted) or semi-hermetic (where the compressor and drive motor are encased in a
common housing).

4.1 Chiller Energy Efficiency Developments

Energy efficiency of centrifugal chillers is delineated in total energy consumption per ton of
refrigeration. The average energy efficiency of centrifugal chillers has evolved as below:

Age of chiller Energy Efficiency Range
(Years) (Kw/ton)
20 or more 0.70 —1.00
10 —20 0.65 —0.80
10 to new 0.49 — 0.65

The above-mentioned figures are based on ARI standard conditions.

The energy efficiency of chillers is not constant, but tends to degrade over its lifetime. It is also a
function of the extent of full load and part load operation. The progressively increased energy
efficiency of centrifugal chillers is due to several factors, some of which are mentioned below:

a) Mechanical design improvements in the basic chiller components (eg. more efficient impeller
design, better heat exchangers, better materials, improved designs of other components, etc.);

b) Improvements in controls and instrumentation (eg. variable speed drives for the drive motor that
improve part-load performance);

¢) Improvements in auxiliary equipment in the chiller (eg. improved designs of the OAM - Oil, Air
and Moisture - Purge Units, expansion devices, etc).

The single most significant contribution to energy efficiency has been the marked improvement in
part-load operation of the chillers. Most centrifugal chillers from the 1970s to the early 1990s were
designed and selected for peak-load operation based on calculation of building air conditioning loads
incorporating considerable safety margins. Typically, buildings experience peak-load conditions
only about 25% of the overall operating time. For 50-75% of the time the operating load is typically
only 50-75% of the peak load. Thus, from the early 1990s onwards, devices such as variable speed
drives in conjunction with other mechanical improvements in the chiller design led to significant

increases in energy efficiencies of centrifugal chillers.
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In addition to the above, additional energy efficiency gains were obtained through system
optimizations as below:

a) Improved designs of peripheral equipment such as cooling towers, chilled water pumps, air
handling units, etc.;

b) Improved instrumentation and controls in buildings (motion sensors, variable air flow, enthalpy
controllers, etc);

c) Demand-side Management (rationalizing of building air conditioning load calculations,
improved building designs such as insulation, window treatments).

4.2 Economic Life of Chillers

Centrifugal chillers are rugged and reliable equipment, containing mostly rotating parts. Being large
and heavy, their installation, operation and maintenance is challenging. However, centrifugal chillers
are a preferred technology for large applications due to their efficiency and reliability.

In developed countries, due to pressures of emerging technologies as well as those of more stringent
energy-efficiency standards, the life of centrifugal chillers was considered to be around 20 years.
However, the economic life of centrifugal chillers in developing countries is considered by the
owners as much more, sometimes exceeding 30 years, in view of their high initial costs.

4.3 CFC Phase-out in servicing of Chillers
There are three actions for reducing or eliminating CFC usage in servicing of centrifugal chillers:
a) Conservation (no action, continue to operate the chiller until the end of its economic life,
ensuring that CFC usage in servicing follows regulatory norms)
b) Retrofitting for use with an approved substitute refrigerant

c) Replacement

The following table summarizes the technical criteria for retrofit or replacement of chillers, based on
balance economic life considerations:

. Balance Economic Life
Type of Chillers 0 — 5 years 5—10 years Over 10 years
CFC-11 based Replace Retrofit or Replace Retrofit or Replace
CFC-12/500 based Replace Retrofit or Replace Retrofit or Replace
HCFC-22 based No action needed No action needed No action needed

Conservation (no action)

Conservation may not be viable in countries or situations where adequate availability of CFCs for
servicing is not assured until the end of the economic life. It could however be an option in LVCs.

Retrofitting

CFC-11 based chillers can be retrofitted with HCFC-123 technology. HCFC-123 properties are not
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very dissimilar from those of CFC-11. HCFC-123 has an ODP of 0.02, GWP of 93 and time-
weighted OEL of 50 ppm (in practice, emissions are less than 5 ppm in worst-case scenarios). The
availability of HCFC-123 is expected until 2030. However, this is not considered a real drop-in
technology due to the aggressive solvent action of HCFC-123. All gaskets, seals, motor winding
insulation, etc. need to be replaced with compatible materials in addition to overhauling and other
required modifications.

CFC-12/500 based chillers can be retrofitted with HFC-134a technology. HFC-134a has zero ODP, a
GWP of 1,300 and low toxicity. HFC-134a is not controlled yet for production closure, thus
availability is not an issue. Retrofitting to HFC-134a technology requires gear drive changes to
obtain near-original performance. In addition, replacement of lubricants and other mechanical and
electrical modifications would be needed.

Noteworthy points:

- Irrespective of the technology, a non-optimized retrofit or the cheapest option, would lead to
reduction in capacity and energy efficiency by up to 10-15%

- Retrofit costs could be up to 40-80% of the replacement costs

- In order to maintain energy efficiency after retrofit, additional costs are inevitable. In most cases,
non-optimized retrofits are unlikely to improve energy efficiency.

- Depending on the mechanical condition of the chiller, retrofitting may not extend the economic
life of the chiller significantly, unless it involves replacement of the compressor and motor.

Energy efficiency gains are a critical consideration in the context of climate performance. Significant
energy savings may not be available through retrofitting, unless:

a) The retrofitting involves replacement of the compressor and motor, or
b) Optimization of other chiller components and also of the overall air conditioning system is
undertaken

Thus from an energy efficiency standpoint, retrofitting would provide overall environmental benefits
only with significant additional investments.

Replacement

The two main alternative technologies for replacement of CFC-based centrifugal chillers with new
non-CFC based centrifugal chillers, which are currently commercially viable, are as below:

HCFC-123: HCFC-123 has an ODP of 0.016, GWP of 93 and atmospheric lifetime of 1.4 years.
HCFC-123 is non-flammable and considered to be moderately toxic with a WEEL
limit of 50 ppm. The physical and thermodynamic properties of HCFC-123 are
similar to those of CFC-11 therefore the operating temperatures and pressures in
chiller applications are in a similar range. HCFC-123 provides comparable or better
COP and IPLV than CFC-based chillers. HCFC-123 technology for chillers is stable,
well-researched, and commercially available for low-pressure applications. Thus,
HCFC-123 technology as a replacement for CFC-based chillers is considered techno-
economically viable and efficient. HCFC-123 being classified as an Annex-C Group-I
controlled substance under the Montreal Protocol, will need to be phased-out in
developing countries by 2040. Manufacturing of new equipment with HCFC-123 is
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HFC-134a:

allowed in the USA until 2020. Thus, regulations on HCFC-123 use may impact its
availability in the long-term.

HFC-134a has zero ODS, a GWP of 1,300 and an atmospheric lifetime of 14 years.
HFC-134a has no flammable limits in air and is considered non-toxic with a WEEL
limit of 1,000 ppm. The physical and thermodynamic properties of HFC-134a make it
a suitable alternative for medium-pressure applications. The energy-efficiency
performance of HFC-134a-based chillers based on COP and IPLV levels, is about 5-
10% lower than equivalent HCFC-123-based chillers however, the technology is
established and commercially available. HFC-134a is not controlled under the
Montreal Protocol, but is classified as a GHG under the Kyoto Protocol.

In addition to the above, potential commercially viable technologies or “third generation”
technologies are as below:

HFC-152a:

HFC-245ca:

HFC-152a has zero ODP, a GWP of 140 and an atmospheric lifetime of 2 years.
HFC-152a is flammable but considered non-toxic. The physical and thermodynamic
properties of HFC-152a make it a suitable alternative for medium-pressure
applications. It provides theoretical energy efficiency performance of about 5% better
than HFC-134a. HFC-152a is not controlled under the Montreal Protocol, but is
considered a GHG under the Kyoto Protocol. HFC-152a technology is not
commercially available due to its flammability classification, however, it is
considered technically feasible.

HFC-245ca has zero ODP, a GWP of 610 and an atmospheric lifetime of 7 years. Its
physical and thermodynamic properties make it suitable as an alternative for low-
pressure applications. It provides a theoretical energy efficiency performance
marginally lower than HCFC-123. HFC-245ca is not flammable however it has
higher vapor pressure than CFC-11 and HCFC-123, and is therefore subject to more
stringent pressure vessel regulations. HFC-245ca is classified as a GHG, but is not

controlled under the Montreal Protocol. This technology is not yet commercially
offered.

Absorption chillers provide a non-centrifugal chiller technology alternative, for replacing CFC-based
centrifugal chillers. The absorption refrigeration cycle has been well known for over 100 years. The
main advantages of absorption technology are:

- Thermal compression in contrast to mechanical compression, results in much smaller moving
or rotating parts, absence of lubricants and therefore lower maintenance costs as compared to
centrifugal systems

- Reliable, silent and vibration-free operation

- Significantly reduced reliance on electricity supply and infrastructure

- The technology is environmentally sound with no ODP or GWP and occupationally safe

There are two main types of absorption cycles:

Ammonia-Water: In this system, ammonia is a refrigerant and water is the absorbent. However,
since ammonia is toxic, the installations need proper ventilation and safety precautions
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Lithium Bromide-Water: In this system, water is the refrigerant and lithium bromide is the
absorbent.

Both technologies are commercially available. However, since absorption technology uses thermal
compression, it requires an external heating source, such as through direct combustion (oil or natural
gas), indirect heating (steam or hot water) or waste heat (flue gases or waste steam).

There are two main subtypes of technologies in Absorption systems: Single-effect and Double-
effect. Single-effect absorption chillers are less efficient and are economically viable only if a source
of waste heat (steam or flue) is available. Double-effect absorption chillers are usually direct-fired
(oil or natural gas). Double-effect absorption chillers, if provided with an additional heat exchanger,
usually present an added benefit of producing a hot-water stream, which can be used for heating.

Direct comparisons between centrifugal systems and absorption systems are complex, as the
apparent COP of absorption systems is lower than centrifugal systems. However, double-effect
direct-fired absorption chillers can also produce hot water, which would otherwise require a separate
boiler. If, instead of the normal COP, a resource COP (which takes into account the source-to-site
efficiency of the fuel) is used for comparison, then absorption systems depending on application, can
provide comparable energy-efficiency performance.

4.4 Selection of Replacement Technology

Taking into account the differences in capacity and operating conditions, the existing CFC-based
centrifugal chillers in Brazil provide an average energy efficiency of 0.77 Kw/TR (source: World
Bank/ICF — Global Overview of the Chiller Sector — World Bank Financial Agents Workshop, 2004)
while commercially available high-efficiency non-CFC chillers consume 0.56 Kw/TR (ARI
550/590) or less. For selection of the replacement non-CFC chiller technology, the project will
explore all available technology alternatives and support those replacement options that promise the
least ODP and GWP, an energy efficiency rating of not more than 0.56 Kw/TR and the most
favorable technical and economic feasibility and environmental and occupational safety. The final
selection of the replacement technology would be made based on a case-by-case assessment of
specific circumstances of the installations.

5. CHILLER DEMONSTRATION PROJECT DESCRIPTION

The project aims to identify the most cost effective and environmentally friendly options for
transforming the market of chillers in Brazil, based on the following objectives (refer to Section
2.1.a):

a) Creating conditions favorable for removal of technological, financial and regulatory/fiscal
barriers to conversion to of non-CFC energy efficient chillers;

b) Based on the above, establish a business model for market transformation;

c) Reduction/elimination of the residual consumption of Annex-A, Group-I substances (CFCs)
in servicing of CFC-based centrifugal chillers Brazil;

d) In coordination with the ongoing activities being implemented under the National Phase Out
Plan, creation of a stockpile of CFCs recovered from replaced chillers to be used for
servicing of those CFC-based chillers, for which replacement is not viable;

e) Demonstration of energy cost savings through application of energy-efficient replacement
technologies; and,
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f) Demonstration of reductions in greenhouse gas emissions through application of energy-
efficient replacement technologies, a component that will satisfy the requirements for the
associated GEF co-financing request.

The demonstration project addresses both the objectives of the Montreal Protocol on Substances that
Deplete the Ozone Layer and the UN Framework Convention on Climate Change. Focus sectors will
include hospital and public buildings, office buildings, the hospitality sector (hotels), as well as other
commercial/ industrial applications.

5.1 Chiller Population

Estimates based on surveys conducted in 12 states, out of a total of 26, plus the federal district of
Brasilia, during preparation of the National CFC Phase-out Plan in 2001 indicated that there were
about 700 CFC-based centrifugal chillers used in building air-conditioning and industrial process air
conditioning in those 12 states. Extrapolation to other states in the country indicates that the
population of CFC centrifugal chillers being used is upwards of 1,250. The survey also indicated that
about 28 tons of CFC-11 and 70 tons of CFC-12 were consumed in the servicing of these chillers
surveyed. This includes the “top-up” of refrigerant losses during equipment operation, as well as the
venting of all, or part of the refrigerant charge during service and repair activities. The use of CFCs
for the cleaning of systems during repair, as well as the overcharging of refrigerant, may also
contribute to this consumption.

Central air conditioning can be divided into two broad but distinctive categories:
e Large capacity chillers, operated by centrifugal compressors;
e Medium capacity chillers and "self-contained" air-conditioning equipment that mostly
operate with reciprocating compressors. These are based almost exclusively on refrigerant
HCFC 22.

The use of CFCs is confined to the large centrifugal chillers designed to use CFCs and that were
installed pre-1993. New installations since the early 1990’s have used centrifugal chillers based on
HCFC 123, HFC 134a, or HCFC 22.

The majority of the existing chillers were installed between 1970s and early 1990s. While there has
been replacement of older CFC-based chillers with non-CFC chillers during the past 8 years, this
was more because of the age and balance economic life of the chillers rather than for environmental
reasons. Information provided by national stakeholders during the survey process indicated that
retrofits undertaken to date have addressed only non-centrifugal chillers. There are no centrifugal
chiller manufacturers in Brazil.

As the average economic life of chillers in Brazil is up to 30 years, a substantial number of CFC-
based chillers are expected to have a balance economic life of up to 10 years._ Many facilities in the
industrial refrigeration sector use ammonia as the refrigerant, while a small number operate with
HCFC 22, and some very special facilities use other refrigerants, including CFCs, and hydrocarbons.

In spite of several attempts by the Government to verify with the four suppliers of centrifugal
chillers the number of chillers active in the Brazilian market, it has proven extremely difficult to
obtain this data from the suppliers, most likely due to market competition. In late August 2005,
during the preparatory work for this project, UNDP was able to work out a confidential agreement
with suppliers to release the information to UNDP under a confidentiality clause. One supplier has
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already sent its data and the others are committed to supply theirs shortly. This has enabled UNDP to
verify the listed centrifugal chillers, confirm findings from previous surveys, add missing units and
select a sample to conduct analyses of the distribution. In addition, it allowed UNDP to progress on
site visits and verify information for all 64 chillers used for the energy savings analysis.

Out of an estimated total population that numbers upwards of 1,250 centrifugal CFC chillers in
Brazil, a sample of 597 chillers units has been used to represent the characteristics of the
consumption of CFC 11 and CFC 12 in the chillers sector, and 64 selected for the purpose of
calculating the energy savings analysis.

Table 3 — Representative Sample of Chillers in Brazil (public and private sectors)

Private
State Residential/
Commercial | Government | Private Public
Buildings Buildings Hotels Hospitals | TOTAL
Amazonas 4 2 0 0 6
Para 2 4 0 4 10
Distrito Federal 6 93 2 0 101
Ceara 3 0 0 0 3
Pernambuco 8 2 2 0 12
Bahia 5 2 6 0 13
Minas Gerais 44 0 3 1 48
Esp.Santo 7 0 0 0 7
Rio de Janeiro 149 51 24 14 238
Sao Paulo 127 17 1 8 153
Parana 0 4 0 0 4
Rio Grande do
Sul 0 2 0 0 2
Total Sample 355 177 38 27 597

The major concentration of CFC centrifugal chillers in Brazil is located in the area of Rio de Janeiro,
former capital of the country, with high temperatures most part of the year and a large number of
governmental, private and commercial buildings still using CFC chillers. The second consumption of
CFC in chillers is in the area of Sao Paulo, which represents the wealthiest and most industrialized
region of the country. While the population in Sao Paulo is larger than in the Rio area, it is expected
that a larger portion of chillers have already been converted or replaced due to the higher income
level and the fact that a larger proportion of Sao Paulo’s chillers are in the private sector compared to
those of Rio de Janeiro. The third area in concentration of centrifugal CFC chillers is the Federal
District, where Brasilia, the nation capital, is located, and the major concentration of governmental
buildings exists. These three states represent 82.4% of the 597 units considered in the sample.

With regards to the most common chillers using CFC in the country, private, residential and
commercial buildings represent 59.4% of the units sampled, followed by governmental buildings
that represent 29.6%.

While the consumption of CFC in most of their applications in Brazil has been addressed by the
National Phase-out Plan approved at the 37" Meeting of the Executive Committee, this plan did not
include any activity related to the replacement of CFC-based chillers.
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The National Phase-Out Plan contains activities addressed to the industrial refrigeration & central
Air-Conditioning (Centrifugal Chillers) servicing sector. These activities, some limited in scope to
fit budgets approved, include:

e Development of a Code of Good Practice in Chiller Servicing (Based on the ASHRAE Code and
promoted by PROZON in conjunction with ABRAVA).

e A Training Programme in Good Practice for Chiller Service Mechanics based on the Code of
Good Practice (Courses tailored to their specific needs, focused on the recovery and recycling of
CFCs, the need to check for and eliminate leaks after repair and before re-commissioning, and
also including information on retrofit of CFC chillers to use non-CFC refrigerants).

e Recovery & Recycling of CFCs in Chiller Service & Repair Activities. Recovery and recycling
equipment to be provided to major selected Chiller Service Companies after mechanics have
completed the training course.

5.2 Energy Efficiency Analysis

An analysis was carried out for the 64 selected chiller installations representing a range of ownership
profiles and end-use applications covering the following parameters:

- Estimation of dir