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76™ Meeting of the Executive Committee for the Implementation of the Montreal Protocol

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

PROJECT COVER SHEET - NON-MULTI-YEAR INVESTMENT PROJECTS

COUNTRY: CHINA

PROJECT TITLE: IMPLEMENTING AGENCY:
Demonstration Project for Ammonia Semi-hermetic Frequency Convertible Screw

Refrigeration Compression Unit in the Industrial and Commercial Refrigeration Industry at UNDP

Fujian Snowman Co., Ltd.

PROJECT DATA

Sector: Industrial and Commercial Refrigeration and Air Conditioning (ICR)
Sub-sector: Commercial and Industrial Refrigeration and Freezing Equipment
ODS use in sector (2013* metric tonnes): 40,805
Project impact (metric tonnes): 382
Project duration: 18 months
Project Costs: Incremental Capital Costs(including contingencies): US$ 1,917,269
Incremental Operating Costs: uUss$ 0
Total Costs: Us$ 1,917,269
Local ownership: 100%
Exports to non-A5 countries: 0%
Request grant Uss$ 1,097,931
Counterpart fund Us$ 819,338
Cost-effectiveness (US$/kg-ODS):
Implementing agency support costs: uss 76,856
Total Cost to Multilateral Fund: US$ 1,174,787
Status of counterpart funding (Yes/No): Yes
Project monitoring milestones included (Yes/No): Yes

*Preliminary data based on ongoing surveys

PROJECT SUMMARY

This demonstration project, upon successful completion, will establish the suitability of ammonia semi-hermetic frequency convertible
screw refrigeration compression unit with the secondary refrigerant of carbon dioxide, as a viable replacement for HCFC-22 technology
in the integrated coolant refrigeration systems for commercial and industrial applications at Fujian Snowman Co., Ltd.

The project will cover product redesign and development, prototype production of ammonia semi-hermetic frequency convertible screw
refrigeration compression unit, testing and performance evaluation, prototype testing, training and market promotion.

If successful, the demonstration project will contribute towards promotion of this technology for replacing HCFC-22 based refrigeration
systems in cold storage and freezing applications and enable cost-effective conversions at other similar manufacturers in this sub-sector.

Further actions on the production lines conversion will be implemented under ICR HPMP based on the successful demonstration of the
technology.

Prepared by: UNDP in consultation with FECO and industry Date:  March 2016
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PROJECT OF THE GOVERNMENT OF PEOPLES REPUBLIC OF CHINA
Demonstration Project for Ammonia Semi-hermetic Freqguency Convertible Screw Refrigeration
Compression Unit in the Industrial and Commercial Refrigeration Industry at Fujian Snowman Co., Ltd.

Objective

The objective of this proposed demonstration project is to establish the suitability of ammonia semi-hermetic
frequency convertible screw refrigeration compression unit as a viable replacement for HCFC-22 technology in
the manufacture of systems for commercial and industrial applications at Fujian Snowman Co. Ltd.

Sector Background

The Industrial and Commercial Refrigeration and Air Conditioning (ICR) Sector in China has experienced
remarkable growth in the past two decades, averaging at about 12% annually, due to the steep growth in the
demand for consumer, commercial and industrial products, resulting from rapid overall economic development.
This sector is categorized into several sub-sectors, namely: compressors, condensing units, small-sized air-source
chillers/heat pumps, commercial and industrial chillers/heat pumps, heat pump water heaters, unitary commercial
air conditioners, multi-connected commercial air conditioners, commercial and industrial refrigeration and
freezing equipment, mobile refrigeration and air conditioning equipment and refrigeration and air conditioning
components and parts. The 2014 estimated HCFC consumption in the sector based on ongoing surveys was about
40,805 metric tons, 98% of that HCFC is HCFC-22.

With the recent changes in Chinese people's lifestyle, the market of frozen food and cool processing is growing
very rapidly. Furthermore, with the development of national economy, the petrochemical industry, energy
development and other fields are also developing rapidly, bringing more market demand. Bio-pharmaceuticals,
mine freezing, hydropower dams, etc. in the field of CBM liquefaction industry refrigerated equipment are also
expanding. In recent years, the refrigerated equipment is increasing at the average speed of more than 10%. The
majority of refrigeration equipment manufacturing enterprises are small and medium enterprises. According to
survey by the industrial association, HCFC-22 refrigerant consumption for refrigeration equipment (including
condensing units) level is about 4,000 metric tons annually.

Refrigeration equipment is regarded as one important end-user as stated in Sector Plans for Phase-out of HCFCs
in the Industrial and Commercial Refrigeration and Air conditioning Sector in China and it includes food display
case, transport refrigeration, icemaker, quick freezers, cold store, refrigerated warehouse, beverage cooling
equipment, etc. The main end users are supermarkets, shops, air conditioned refrigeration warehouses, restaurants,
food distributors, kitchens of hotel, food process plants, etc. These systems are all medium and small industrial
and commercial system which uses HCFC-22 as one important refrigerant. The amount of HCFC consumption is
above 25% of ODS consumption. The refrigerant substitute is important for these field products. So the new core
technology developed for medium and small industrial and commercial refrigeration is useful for ODS substitute.

Alternative Technology
The following factors need to be considered for selection of the alternative technology:

Technical factors

* Processing characteristics

* Functionality in end-product

*  Proven and mature technology
» Energy efficiency

Commercial factors

» Cost-effectiveness
* Reliable availability
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Health and safety factors
* Low risk for occupational health
» Low risk for physical safety (flammability, etc.)

Environmental factors
» Direct ozone impacts
» Direct and indirect climate impacts

Some of the zero-ODP alternatives to HCFC-22 currently available for this application are listed below:

Substance | GWP Application Remark

Ammonia 0 Industrial refrigeration and process | Flammability and toxicity issues. Material compatibility
chillers issues. Regulatory issues.

CO, 1 Refrigeration in a secondary loop | Major redesign of system components needed.

and in stationary and mobile air | Investment costs are prohibitive
conditioning systems, heat pump
water heater systems

R-404A 3,260 | Low temperature applications High GWP, less efficient at medium temperatures,
synthetic lubricants needed

R-404A has high GWP and requires synthetic lubricants, although its thermodynamic properties are suitable for
low-temperature applications. Its long-term sustainability from an environmental perspective is considered
doubtful.

Ammonia is a traditional natural refrigerant with good environment properties as well as favorable
thermodynamic properties. The operating pressures are low. It has low flow resistance and has excellent heat
transfer characteristics. Being a single substance, it is chemically stable. It has high refrigeration capacity. It is
widely available at affordable prices. However, ammonia is quite reactive; it is toxic and moderately flammable.
It is also not compatible with non-ferrous materials.

CO,was a commonly used refrigerant in the late 19" and early 20™ centuries, however, its use gradually faded
out. CO, has many favorable characteristics. It has no ODP and GWP of 1; it is inert, non-toxic and chemically
stable, is compatible with almost all materials and available widely at affordable prices. For a given refrigeration
capacity, the system components with CO, are much smaller compared to other refrigerants. However, the main
disadvantage with CO, is its high operating pressures, which requires special designs for the system and
components. CO; is also not very efficient at high ambient temperatures.

Fujian Snowman Co. Ltd. has selected ammonia semi-hermetic frequency convertible screw refrigeration
compression unit with CO, in its design as the technology of choice for its low-temperature coolant integrated
refrigeration systems, considering the favorable environmental and thermodynamic properties of these two
refrigerant alternatives.

In this project, the main work is about the integrated refrigeration system which used ammonia as refrigeration.
One advantage of this system is the ammonia semi-hermetic frequency convertible screw refrigeration compressor
used in refrigeration unit which can make the charge is less than 50kg. It is important for the applications in
supermarket. The other advantage of this system is the CO2 as the secondary fluid used in this system. Because of
the CO2 has more cooling capacity carriage and good fluid parameter. The whole system is designed for one
refrigeration cycle which is not the same as the cascade system which has two refrigeration cycles.

Enterprise Background

Fujian Snowman Co., Ltd. was established in March 2000, with a registered capital of RMB 600 million. The
headquarter is located in MinJiang Industrial Zone, Fuzhou, Fujian Province, and the company covers an area of
300 acres in Binhai and Liren new industrial park of Changle City. The company has developed into the largest
professional manufacturer of ice-making system, and it became a professional high-tech enterprise integrated with
R&D, designing, manufacturing, sales and engineering unit installation of compressors, ice-making equipment,
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cooling water equipment, ice storage system and cooling system. The products are widely used in cold-chain
logistics, food processing, ice storage cooling, mine cooling, nuclear power plant construction, water conservancy
and hydropower and other fields.

Ice making machine: Fujian Snowman owns more than 100 exclusive patents with proprietary intellectual
property rights. It has developed more than 40 types of products, especially the ice making machine sales ranks at
top in China.

Screw refrigeration compressor units: The company has developed dozens of new type of high efficiency and
energy saving screw refrigeration compressor, its technology has reached the international advanced level.
Compressor manufacture: Packaged systems with open (NHj;), semi-hermetic (HCFC-22) and hermetic screw
compressors (HCFC-22) and also reciprocating compressors (HCFC-22). The enterprise has two famous brands
of compressor, which are SRM and RefComp.

Industrial refrigeration systems: Fujian Snowman Co., Ltd. is one of the largest manufacturers of integrated
industrial refrigeration systems, such as large capacity brine chillers, ice makers, etc. based on screw compressors,
with a 40-60% market share.

Fujian Snowman Co., Ltd. is committed to technology innovation, focusing on environment protection, energy
efficiency and safety. Over 30-40% of its refrigeration products use natural refrigerants.

In 2015 Fujian Snowman Co. Ltd. manufactured the following HCFC-22 based integrated refrigeration systems:

. Evaporating temperature Quantity HCFC consumption
M FOoRIEE L7 (°C) (Nos.) (metric tons)
1 | Water Chillers -5t0 +3 50 N/A
2 | Ice maker -30 to -15 400 23
3 | Brine Chillers -40t0 3 11 N/A
4 | Ice storage system -181t0 -5 20 1

Rationale for Technology Demonstration

In China, presently, the refrigerated equipment of large quantity of ammonia (usually more than hundreds of
MTs) is used far away from more densely populated areas. According Chinese law and regulations, large
ammonia based systems (more than 100 kg) are not allowed in the densely populated areas. Therefore, the
refrigeration equipment that is used in densely populated sized is mainly used HCFC-22 as a refrigerant. For
example, each of the quick freezers, cold stores, refrigerated warehouses in the sub-sector uses up to dozens to
hundred kilogram HCFCs; this can be substituted with less than 50kg ammonia in the new refrigeration system.
Food display case, cold store, beverage cooling equipment, etc.in the supermarket is one main target of the
demonstration project.

The development of NH3; semi-hermetic screw refrigeration compressors with less than 50kg ammonia which, to
our knowledge, is the first commercialized prototype system in the world. Development of this system will make
it possible for medium and small sized refrigerated equipment based on ammonia to be used in the densely-
populated area, which will gradually reduce the use of HCFC-22. Based on the redesign and production of semi-
hermetic compressor, the prototype of whole system can be constructed for the applications in China which can
be applied internationally with the technology perfected.

As stated earlier, future market demand in China for food processing and related technologies and for industrial
refrigeration is promising. The best operating evaporation temperature bracket for NH; refrigeration system is
above -35, and this is the normal range for medium and small-scale low-temperature industrial refrigeration
applications. Especially, these refrigeration applications use not large units. The investment of cascade has not
been high in the country. Thus, one stage NH3 system that use CO2 as the secondary refrigerant, can replace
HCFC-22 in many applications, which have significant growth potential in the future. The designed system is not
the same as the cascade system. One difference is the production system is one refrigeration cycle, but the cascade
system has two refrigeration cycles which means it should has two compressors. The investment and operation
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cost of cascade system is higher than system designed here because of the cascade system is bigger, which can
only be used in bigger applications, e.g., storehouse and huge supermarket, which, in most of the cases, are
located in suburban area with sparsely population. The system demonstrated in this project, with very low
charging amount, can be used in small system located in crowded area, e.g., 7-11. The other difference is the
operation temperature is not the same. The cascade system can get the lowest temperature for the frozen storage.
The third difference is the CO2 as different working fluid. In cascade system, CO2 is a refrigerant which will has
phase change in condenser and evaporator. In ammonia integrated system, CO2 is secondary refrigerant which
has no phase change just carry the cooling capacity to the application field.

Furthermore, most of the large-scale low-temperature refrigeration systems use open-type compressors and open
system design, with a significant amount of leakage and low recovery rate of refrigerant during maintenance, thus
annual consumption of HCFCs in servicing for such systems is very high. Thus, replacing HCFCs in such
applications gains high priority from an environmental standpoint.

While NH; semi-hermetic frequency convertible screw refrigeration compression unit has been implemented
elsewhere, its application has been sporadic and mainly focused on site-assembled custom-built legacy systems
and not on a commercial production scale. China, in general and Fujian Snowman Co. Ltd. in particular, offers an
opportunity for standardizing this technology on a commercial scale. This is because Fujian Snowman Co., Ltd.
manufactures integrated low-temperature refrigeration systems. Standardizing this technology in a factory-
controlled environment will favor its widespread adoption considering the future growth prospects for its
application. Thus, demonstration of this technology is considered critical for its early adoption and consequent
dissemination of its technical performance. This will contribute to sustainable reductions in HCFC consumption
as well as to contribute to protecting the climate system.

Project Description

Fujian Snowman Co., Ltd. specializes in the manufacture of integrated packaged refrigeration systems
incorporating twin-screw refrigeration compressors, of open (NH3) and semi-hermetic (HCFC-22) designs.
Nowadays, the charge of NH; open twin-screw compressor integrated package refrigeration system is more than
100kg, which are forbidden to use in more densely populated areas by the government. The purpose of this
demonstration project is to demonstrate the small system with lower NH; charging amount with CO2 as a
secondary refrigerant. The product will be redesigned and constructed to fit the small discharge semi-hermetic
frequency convertible screw refrigeration compression unit. In order to expand the application of NH3 in small
and medium industrial and commercial refrigeration field, the type of NH; compressor will be changed to semi-
hermetic. Considering the requirements of the standards, including the building codes, and the safety, CO, will be
used as the secondary refrigerant. So, the present demonstration project will cover low-temperature (evaporating
temperature above -35) applications, where the current HCFC-22 based designs will be replaced by NH;
refrigeration system technology, using ammonia semi-hermetic frequency convertible screw refrigeration
compression unit.

Introduction

The cold storages in China are mostly designed as Direct Expansion coil units where refrigerant is directly
circulated in evaporator coil(s) which evaporates and absorbs heat in the fan coil unit. This type of units require
large quantity of charge in the system

In order to reduce the quantity of charge in the integrated refrigeration system which can be allowed to be used in
cold storage just like supermarket etc, the first step is redesigning and producing the ammonia semi-hermetic
frequency convertible screw refrigeration compressor. Then, the refrigeration system would be designed and
developed as following type unit: NH;z as the refrigerant, and CO; as heat transfer fluid (which means the
secondary refrigerant) to be the alternative solution of HCFC-22 refrigerant in the medium and small freezing and
cooling storages. The charge of refrigeration system is less than 50kg, which is safety for some applications.
Units of three different sizes will be developed in this project.
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Under this demonstration project, in order to produce the new type of compressor that is ammonia semi-hermetic
frequency convertible screw refrigeration compressor with ammonia charge less than 50kg. The key components
are as following: new compressors design, the new heat exchanger design, construction of compression unit,
Manufacturing of prototypes, construction of test device.

As the new production of NHj refrigeration system, the relevant schematic diagram is as below:
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This system through the development of ammonia semi-hermetic frequency convertible screw compression unit
which suits for medium and small freezing and cooling storages, using NH; as the refrigerant and CO, as
secondary refrigerant (heat transfer fluid), would not only phase-out HCFC-22 refrigerant and the reduced NH;
charge volume (much less than 50kg) in refrigeration system, but also eliminate presence NHs in the cold storage
side by using CO, as carrier ( heat transfer fluid) and guarantee the safety of cold storage operation.

Current status of technology development

Fujian Snowman Co., Ltd. has carried out initial development of NH; refrigeration systems with semi-hermetic
frequency convertible screw compressor for medium and small commercial refrigeration and medium industrial
refrigeration applications (the refrigerant quantity is less than 50kg.), with a view to offer factory-manufactured
integrated systems. The current status is as below:

= The semi-hermetic frequency convertible screw compressors are specially designed with the advantages of
small size, light weight, smooth and safe operation at high speed. It can obtain high volumetric efficiency,
low noise and little vibration. The capacity control from 15% to 100% of the capacity can be achieved.

= Qil separator with indigenous design is adopted. The separator has the advantage of efficient separation,
which reduces oil content within the carrier refrigeration system. This gives full play to heat exchanger
efficiency to ensure highly efficient operation of the refrigeration system.

= Intelligent and automatic controls have been adopted for the carrier (heat transfer fluid) refrigeration system,
which can respond automatically to load changes and external conditions. Remote computerized monitoring
system is employed. The refrigeration system has complete security protection devices and functions.

Feasibility
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While the design of the NH; compression refrigeration system is based on conventional principles, the key
elements in its operationalization and commercialization are the innovations needed to make the systems efficient,
as well as to make them reliable by integrating system components optimally and manufacturing the integrated
system in a factory-controlled environment. The present demonstration project will enable wider adoption of
standardized, efficient and reliable factory-manufactured integrated medium and small NH; refrigeration systems.

Project activities

For the demonstration project, to achieve this goal, the following activities will be carried out: Product and
process redesign, construction of test devices for product performance, Manufacturing of prototypes and
Personnel training. After the modification, technology dissemination and documentation of the results would be
carried out.

Product and process design

At present, the main product of the enterprise is the conventional refrigeration system with HCFC-22 as the
refrigerant. There is large difference in product design and production process between NH; refrigeration systems
with semi-hermetic frequency convertible screw compressor and HCFC-22 based refrigeration systems. To meet
this need, the following design will be needed based on production process: three specifications of NH; screw
compression unit, The main design works as follows: profile design of screw rotor, electrical motor design,
compressor design, working drawings and related design assessment and review; The design of ammonia semi-
hermetic frequency convertible screw compressor, and the design of special motor for the ammonia semi-
hermetic frequency convertible screw compressors, design of test devices for NH; refrigeration compression
system, design of user demonstrations for the early users of NH; refrigeration systems.

The three specifications of NH3/CO, screw compression units for the project are as below:

Model _ Theoretical3 NH; charge | CO, charge HC_FC—22 Status
displacement (m°/hr) (kg) substitute(kg)
(SS??SSC-:lAZSI?) 262 17 30 75 To be developed
(SSRSSSfGAlglL(I)\/I) 652 48 60 194 To be developed
(sSRSsSEQ)%OL) 221 22 35 90 To be developed

* Please note that Ammonia charge in the system is less than 50 kg.
All of the above would be covered in the current project. The design elements would comprise of the following

= The design of ammonia semi-hermetic frequency convertible screw compressor;

= The design of special motor for the ammonia semi-hermetic frequency convertible screw compressors;
= The design of NH; related pressure vessel screw frequency convertible compressors;

= The design of NH; system of screw frequency convertible compressors unit;

= Electrical control,

= The applied controlling software design.

The process design would comprise of the following:

= Pressure Vessel Manufacturing Process Design

= Forming of pressure vessels, welding process design

= Reconstruction design of container strength test device

= Compression Unit Assembly Manufacturing Process Design
= Compression unit production process design

= Forming, welding process design

= Forming, welding and other process equipment design

= Assembly process, tooling design
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= Electrical Control System Manufacturing Process Design
= Electrical control system production process design

Construction of test devices for product performance

As a new refrigeration system, the NH; system cannot be tested in the existing performance test laboratory after
product commercialization. Further, the product test device of the medium and small NH; refrigeration system
requires new facility construction. The test devices of NHz; semi-hermetic compressor housing strength and air
load are to be added. In addition the following additions need to be done:

= Pressure vessel strength testing device
= NH/CO, compression unit performance test equipment
= Assessment of the test device by national professional agency

Manufacturing of prototypes

According to the industrialization requirement of the NH; refrigeration system, three specifications of
refrigeration systems need to be developed. Before commercialization, the prototype of refrigeration system needs
to be manufactured and tested before mass production. As processing parts are numerous and processing precision
is strict, the waste rate from casting to completion is very high. Hence, three sets of rough parts need to be
produced for each compressor size. One set of rough parts need to be manufactured for other auxiliary equipment.
The prototype manufacturing will cover the following:

= Manufacture nine sets of NH3z semi-hermetic screw compressor prototypes for each specification of
SSSCAS50( NH3 17kg) SSSCA210 (NH348kg) and SSSCAG0 (NH;22kg)

= Manufacture one set of component matching with the coolant system for each specification.

= Refrigeration system prototype assembly.

= Experimental test on refrigeration system prototypes.

Personnel Training

The design, production, marketing and debugging of the new product are different from those of the conventional
refrigeration system. Therefore, business unit training is needed for all sections of the project. The following
personnel will be included in the training:

= Related designers, technicians.

» Production management persons, manufacturing workers.

= Product application engineer.

= Technician for installation and debugging, equipment maintenance personnel.
= Related user operators, equipment administrative personnel.

Technology Dissemination

According to user’s requirements, design of the first demonstration application engineering for NH; refrigeration
system with ammonia semi-hermetic frequency convertible screw refrigeration compressor will include scheme
compilation, construction drawing design, details compilation of construction materials, instructions of
installation and construction, instructions of debug operation.

Market promotion is needed for new technology entry in the market. A detailed work plan is needed in the market
promotion as NHj; refrigeration system with ammonia semi-hermetic frequency convertible screw refrigeration
compressor is new to domestic refrigeration industry. The following methods will be used to promote the
technology:
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= Technical communication with engineering design companies, introduction of product, and promotion and
recommendation plan.

= Technical communication with construction companies, product promotion and recommendation, and
application technology.

= Application promotion in relevant industry associations.

= Organize product release conference, and display product and application technology.

= Communicate with government environmental protection departments to enhance publicity campaign.

= Advertisement and promotional brochures.

= Participate in exhibitions, such as International Refrigeration Exhibition in China, Chinese Fisheries
Exposition, and Chinese Food Processing Exposition; display the product and application technology.

» Provide free technology, debug and maintenance to users of the demonstration project.

Summary

The conversion will be carried out in close consultation with FECO/MEP, industry associations, scientific and
technical institutions and the special working group for the ICR sector.

Project Costs

The total project cost amounts to US$1,917,269. Details are provided in Annex I. Considering ExCom decision
72/40(b), decision 73/27 and other related decisions, the MLF support for the demonstration projects is not
enough. Therefore, the enterprise component would be added to bear the remaining cost for the demonstration
project as the counterpart fund, which amounts to US$ 819,338.

Financing

The requested MLF grant is US$ 1,097,931, which represents eligible incremental costs, without agency support
costs.
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Implementation

Project Monitoring Milestones

The project milestones and timelines from the date of receipt of funds is given in the table below.

MILESTONE/MONTHS

213|456 [7]8

9 [10[11 |12

13

14

15|16 |17 |18

Start-up of project activities

Submission of project document for signature

1
X
X

Project document signature

Preparation and request for bids

Award of contracts

System design and compressor design

Stainless vessel processing equipment

material

Design of testing lab and procurement of

XXX XX
X
X
X
X

XX [X
XXX
XXX

compressor parts

Processing of casting model and boxes for X | X | X|X

Installation of testing equipment

Processing of vessel parts for testing equipment

Prototype manufacturing of compressors

X|[X[>
X[ X[>
X|[X[>
X[ X[>

System drawings

Fixtures and cutters for NH; compressor

Conversion for Fin-tube processing

Installation and tuning of testing equipment

Assembly of compressors

XX [X]X]|X
XX [X]X]|X
XX [X] XX
XX [X]X]|X

Retrofitting of testing device for

compressor

NH;

Verification of testing lab

Completing the prototype system

Market survey and obtaining the certificates

Installing air load testing equipment

Training and technical assistance

Verification

XX [X]>
XX [X]>

Payment Schedule

The following table presents the proposed performance based payment schedule including the counterpart

contribution for the project.

Schedule (Predicted date) Payment Conditions Amount (US$) Accumulated
Amount (US$)

1% Payment Upon signing of the contract 329,379 329,379

(contract signature)

2" Payment Completion of equipment for NH; 329,379 658,759

(seven months after the contract signature) system

37 Payment Completion of prototype building, and 219,586 878,345

(fourteen months after the contract signature) | completion of testing equipment

4™ Payment Completion of training, technology 219,586 1,097,931

(eighteen months after the contract signature)

dissemination, and verification of

project
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Management

The project will be under the overall management and coordination of the Foreign Economic Cooperation Office,
Ministry of Environmental Protection of China. UNDP will be the implementing agency for the project, which
will provide international coordination and technical assistance as needed.

The project employs the Performance-based Payment (PBP) mechanism in its implementation. Under the PBP
mechanism, the enterprise tasked to carry out the conversion would play the role as a key executer, which is
responsible for all the activities related to the conversion (with supervision of the technical expertise team hired
by FECO and/or UNDP), including but not limited to: product redesign, procurement of raw material,
components, equipment and consulting services as per the budget allocation table, construction product testing
devices, etc., and project technical commissioning. The procurement shall be organized fully in line with the
marketing principle, so that the goods and services procured are high quality, most reasonable price and suitable
for product line conversion to make sure the new alternative technology applied feasibly and successfully. The
detailed arrangement on procurement will be defined in the contract between FECO/MEP and the Executor
(enterprises).

FECO and UNDP will not be involved in the procurement activities of the enterprise by any means other than
make payment to the enterprise in tranches for the costs of procurement and conversion, at agreed payment dates
given in the payment schedule, and when milestones prerequisite for the tranche have all been achieved on time.

Verification

1) Periodical Performance Verification. Before each payment, FECO will invite independent experts to
verify whether the performance for each milestone that the payment depends on have been satisfying.
The verification reports will be submitted and accepted by UNDP as the main supporting documents for
requesting the installment of payment.

2) Technical Assessment. Before the last installment of payment, FECO and UNDP will invite independent
experts to verify whether the selection and application of alternatives in practice are suitable and feasible.
The assessment report will be submitted to FECO and UNDP.

M&E

1) FECO and UNDP will organize a joint Monitoring and Evaluation mission to the Project executer during
this project operation. The mission can be combined with the verification mission accordingly. The M&E
schedule will basically follow the timeline of payment schedule.

2) NEX Audit will be organized by UNDP during the project implementation upon UNDP’s audit
arrangement in the project years. For any issue identified during the auditing process, FECO shall take
corresponding correction/improvement measures as per the audit findings and recommendation.
Meanwhile, the payment may be suspended depending on the nature of the issues concerned until the
acceptable/satisfactory results are worked out.

3) Quarterly Review and Annual Review Meeting will be organized by FECO; Semi-annual Project Review
Reports and a final Project Report will be submitted to UNDP at least 10 days before the review meetings
and by the end of project operation in 2016.

Impact

The successful implementation of this demonstration project will provide the demonstration of an
environmentally safe and cost-effective alternative for enabling replication of this technology in similar
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applications in this sector in China and facilitate HCFC reductions for compliance with the future HCFC control
targets.

Following the system demonstration, the product lines of the R22 compressor and compression unit will be
considered to be converted to NHs;, which will result in production of new technology based products at
production capacity of 3,000 units annually and thus will result in reductions of 359 metric tons of HCFC-22
usage at Fujian Snowman Co. Ltd. (see Annex Il). Furthermore, over a 15-year life-span of the refrigeration
systems manufactured by the enterprise, the consumption of HCFCs for servicing of those systems is expected to
be 226.16 metric tons in the life cycle. The total GHG emission reductions will amount to about 1,041,602.60
CO02-eq tones, thus contributing to protection of both the ozone layer and the climate.
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ANNEX-I

Incremental Cost Calculations

No Cost Head Amount MLF requested Co-financing
System design 147,730 147,730 -
1 Product and Process design 44,319 44,319 -
process design Compressor design 156,495 - 156,495
Heat exchange analysis software 78,247 58,247 20,000
2 Electric leakage detector 3,130 - 3,130
Compression unit Detector 4,695 - 4,695
performance test Helium detector 66,041 - 66,041

device Compression unit performance test

construction oqupment 438,184 398,184 40,000
Pressure vessel strength test device 187,973 - 187,973
3 NH; compressor 295,775 295,775 -
NHj oil separator 28,169 26,169 2,000
CO, liquid-storage tank 56,338 54,338 2,000
Heat exchanger 21,127 - 21,127
Starting cabinet Cinverter) 42,254 - 42,254
Material for the Electric control cabinet 4,695 - 4,695
prototype Valve parts, pipe, flanges 31,299 - 31,299
production Metal hose (testing) 9,390 - 9,390
CO, Pump 28,169 23,169 5,000
C0,(0.9999) 56,338 - 56,338
NH;3 2,034 - 2,034
Frozen Qil 1,095 - 1,095
Helium 3,443 - 3,443
Nitrogen 235 - 235
4 | Training Training on process and product design 117,762 50,000 67,762
Welder training 7,825 - 7,825
Material fee 7,825 - 7,825
5 | Market Promotion | Market Promotion 76,682 - 76,682
Total 1,917,269 1,097,931 819,338
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ANNEX-11

Subsequent Actions:
Ammonia Semi-hermetic Frequency Convertible Screw Refrigeration Compressor Production Line
Conversion at Fujian Showman Co., Ltd

Objective

Based on the demonstration project which is designed to demonstrate and establish the suitability of ammonia
semi-hermetic frequency convertible screw refrigeration compressor unit as a viable replacement for HCFC-22
technology and for commercialization of the unit, the capacity of the compressor and compression unit
manufacturing will be set up through the following activities namely (a) product line modification and
construction, and (b) testing device modification and construction, as well as training at Fujian Snowman Co. Ltd.

It must be noted that this incremental activities that are necessary for commercialization would be implemented as
a part of HPMP project and do not form a part of the demonstration project. This implementation structure is
adopted so that we can use the demonstration results and develop the project for commercialization.

Project Description

In order to produce the small discharge semi-hermetic frequency convertible screw refrigeration compression unit,
the production line will be redesigned, modified and constructed to fit the small discharge semi-hermetic
frequency convertible screw refrigeration compressor and compression unit. With the prototype production, safety
protection articles and training are needed for manufacturing personnel.

Project activities

The existing product lines of compressor and pressure vessels will be modified to meet the industrial production
capacity of three typical specifications of NH; refrigeration systems. To achieve this goal, the following activities
will be carried out:

modification and construction of production lines,
modification and construction of the test devices,
personnel training and documentation, and
market promotion.

Design and modification of production line

The low temperature and small refrigerant charge NH; refrigeration system is the new product of Fujian
Snowman Co., Ltd. The existing production lines cannot all be used for producing NH3 system components such
as semi-hermetic frequency convertible screw compressor, pressure vessel and heat exchanger.

1. Modification of compressor production line

= Modification and construction of the existing manufacturing lines of the NH;3; compressors including
rough castings production, rotor machining, housing processing, house strength test, the compressor
assembly for the semi-hermetic screw compressor.

= The investment on special process equipment is made for the three specifications NHz; semi-hermetic
screw compressor, including compressor model, fixture and special inspection gauge of the rotor profiles.

» High-strength processing tool is needed because NHz; compressor housing material, rotor profiles and
material, and all components materials are different from conventional products.

= The airtight device is needed to test the compressor in order to decrease the leakage.

2. Modification of compression unit production line
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Pipe processing equipment, wedding tool and grinding tool is needed because NH; compression unit is
different from the conventional products.

3. Modification of pressure vessel production line

The modification and construction of product line for pressure vessels will include the following:

Modification and construction of the existing manufacturing lines of the pressure vessels below the
pressure of 20kg, including production process link of the added high-pressure low-temperature CO,
pressure vessel, tube processing and welding for tube expander, welding and assembly for CO, evaporator,
because CO; is as secondary refrigerant;

Modification of process equipment and controls for production and testing. The materials for the CO,
pressure vessels of high-pressure low-temperature are different from the conventional components
materials. Therefore, the corresponding process equipment and control need to be added during
production and test process, such as welding, expanding joint and inspection.

Modification of testing equipment. The strength test and air tightness test are needed for the high-pressure
low-temperature pressure vessel. Welding equipment of stainless steel container and high-pressure low-
temperature vessel will be added, as well as welding test plate and assessment method of high-pressure
low-temperature vessel.

4. Modification of heat exchanger production line

Modification and construction of manufacturing line for the existing 14 kg fan heat exchanger, including
processing of CO, fin heat exchanger, shell sheet metal processing, expansion joint, welding, strength and
air tightness testing;

Additional unit assembly of NH; refrigeration system with twin screw compressors, including the
assembly of NH; refrigeration system and test of the air load factory;

Construction of test devices for product performance

As a new refrigeration system, the NH; system cannot be tested in the existing performance test laboratory after
product commercialization. Further, the product test device of the medium and small NH; refrigeration system
requires new facility construction. The test devices of NH; semi-hermetic compressor housing strength and air
load are to be added. In addition, compression testing device needs to be added.

Personnel Training

The design, production, marketing and debugging of the new product are different from those of the conventional
refrigeration system. Therefore, business unit training is needed for all sections of the project. The following
personnel will be included in the training:

Related designers, technicians.

Production management persons, manufacturing workers.

Product application engineer.

Technician for installation and debugging, equipment maintenance personnel.
Related user operators, equipment administrative personnel.
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Project Cost

The total incremental capital costs amount to US1,262,481. Details are provided as bellows:

No Cost Head Amount (US$)
1 | Modification of production lines
Mechanical processing cutting tool (US$ 62,598)
Shockproof boring bar (US$ 62,598)
High-precision hydraulic chuck (US$ 62,598)
Compressor Anoth.er. cutting_ tool (US$ 31,299)
(USS$ 568,859) Machining tooling (US$ 93,897)
' Rotor milling cutter (US$ 70,423) 725,313
Ammonia Motor mould (US$ 70,423)
Vacuum equipment (US$ 28,951)
Airtight device (US$ 86,072)
. . Pipe processing equipment and grinding tool (US$ 78,247)
C?LT Spéelsgleozsti?lt Auxiliary fixture tool(US$ 23,474)
' Welding equipment (US$ 54,733)
2 | Test device construction
Corllg;?fjgé gig‘lcgég?nce Compressor performance test equipment (US$ 312,989) 312,989
3 | Manufacturing of prototype
Test labor fee and some | Installation and test labor fee(US$ 70,423) 106.417
test cost Safety protection articles (US$ 28,169) '
(US$ 106,417) NDT testing costs (US$ 7,825)
4 | Personnel training
Training (US$ 117,762) | Training (US$ 117,762) 117,762
Total 1,262,481
Financing

The conversion project will be implemented under the HCFC Phase-out Management Plan in Industrial and
Commercial Refrigeration and Air-conditioning Sector in China (Stage | or Stage Il). The cost will be determined
according to the rules of the HPMP.
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