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REVISED AGREEMENT BETWEEN INDIA AND THE EXECUTIVE COMMITTEE OF
THE MULTILATERAL FUND FOR THE ACCELERATED CFC PRODUCTION PHASE-OUT

1. This Agreement supplements the Consensus Agreement for the Indian production sector for
which the Executive Committee and India entered into at the 29" Meeting (“the Existing Agreement™).
This Agreement represents the understanding of India (“the Country”) and the Executive Committee with
respect to the Accelerated Phase-out of the CFC Production by 1 August 2008.

2. The Country agrees to revise its CFC production phase-out schedule with the understanding that:

@ India would produce no more than 690 MT of CFCs, primarily for the manufacturing of
metered-dose inhalers (MDIs) up until 1 August 2008;

(b) India’s CFC producers would sell no more than 825 MT of CFCs for MDI production in
the years 2008 and 2009, comprising 690 MT of new production and 135 MT
reprocessed from existing stock;

(c) India would export 1,228 MT of CFCs no later than 31 December, 2009;
(d) India would not import any new virgin CFCs;

©) Any by-product non-pharmaceutical grade CFCs generated from the production under ()
are counted against the limit in row 2 of Table 1 in Appendix 1 and could be released to
the market;

()] This Agreement does not cover any CFC production that may be agreed by the Parties to
meet essential uses for India; and

(o) Other conditions in the Existing Agreement, in addition to the above, are applied to this
Agreement.

3. The Country accepts that, by its acceptance of this Agreement and performance by the Executive
Committee of its funding obligations described in Table 2 of Appendix 1, it is precluded from applying
for or receiving further funding from the Multilateral Fund in respect to the phase-out of the production of
CFCs.

4. Subject to compliance by the Country with its obligations set out in this Agreement, the
Executive Committee agrees in principle to provide the funding set out in row 3 of Table 2 in Appendix 1
(the “Funding”) to the Country. The Executive Committee will provide the funding tranches associated to
the new accelerated phase-out at the 57™ and 60™ Executive Committee Meetings. For the subsequent
tranche in 2009 under the Existing Agreement, the release of this tranche will follow the terms and
conditions stipulated in the Existing Agreement.

5. The Country will meet the production limits as indicated in row 2 of Table 1 in Appendix 1. The
Country also agrees to allow for independent technical audits administered by the implementing
agencies (World Bank, and UNDP for the final technical audit) and by the in order to confirm the
production, reprocessing limit, sales (both export and domestic) and stock of CFCs in accordance with the
agreement.
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6. The Country agrees to assume overall responsibility for the management and implementation of
this Agreement and of all activities undertaken by it or on its behalf to fulfil the obligations under this
Agreement. The Country also agrees to establish policies or enforcement mechanisms to ensure
coordination of CFC phase-out efforts in both the production and consumption sectors by implementing
policy and regulatory measures set out in Appendix 2.

7. Should the Country, for any reason, not meet the Targets for the elimination of the Substances or
otherwise does not comply with this Agreement, then the Country agrees that it will not be entitled to the
Funding. In the discretion of the Executive Committee, funding will be reinstated according to a revised
Funding Disbursement Schedule determined by the Executive Committee after the Country has
demonstrated that it has satisfied all of its obligations that were due to be met prior to receipt of the next
instalment of Funding under the Funding Disbursement Schedule. In addition, India understands that the
Executive Committee may reduce the funding of the subsequent tranches on the basis of US $1,000 per
ODP tonnes of reductions not achieved for the commitments mentioned in paragraphs 2 and 5 of this
Agreement.

8. The Funding components of this Agreement will not be modified on the basis of any future
Executive Committee decision that may affect the Funding of any other production sector projects or any
other related activities in the Country.

9. The Country, the Executive Committee, the World Bank and UNDP may mutually agree to take
steps to facilitate implementation of this Agreement. In particular, it will provide access by the World
Bank and UNDP to information necessary to verify compliance with this Agreement.

10. All of the agreements set out in this Agreement are undertaken solely within the context of the
Montreal Protocol and as specified in this Agreement. All terms used in this Agreement have the meaning
ascribed to them in the Protocol unless otherwise defined herein.

11. This revised Agreement supersedes the Agreement reached between the Government of
India and the Executive Committee at the 56" meeting of the Executive Committee.

Appendix 1
TARGETS AND FUNDING

Table 1. Production targets

D inti Year

eseription 2008 2009 2010
1. Targets under the existing Agreement (ODP tonnes ) 2,259 1,130 0
2. Production under this Agreement (ODP tonnes) 690 0 0

Table 2. Funding
Description Year
2008* 2009* 2010**

1. Funding under the existing Agreement (US $°000s) 6,000 6,000 0
2. Support cost under the existing Agreement (US $°000s) 450 450 0
3. Total adjusted funding for this Agreement (US $’ 000s) 0 2,113 1,057
4. Support cost for the adjusted funding for this Agreement(US $’000s) 0 0 238
5. Total funding to be released to the country and agencies 6,450 8,563 1,295

(*) Funding approved for the World Bank.
(**) Funding returned to the Multilateral Fund by the World Bank and approved for UNDP at the
75" meeting
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Appendix 2
POLICY AND REGULATORY MEASURES

12. As per the Plan of Action submitted by the Country at the 54™ Meeting of the Executive
Committee, the Country agrees to undertake the following measures:

(a)

(b)

(©)
(d)

Ban the production of CFCs, excluding any production for essential uses that may be
agreed by the Parties for India, by 1 August 2008;

Ensure consistency of the consumption schedule of the Ozone Rules and the consumption
limits in row 3 of Appendix 2 — A of the Agreement between India and the Executive
Committee for the national phase-out of CFC consumption in India focusing on the
refrigeration service sector;

India will not import any more new/virgin CFCs; and

Strengthening of the system for monitoring movement of CFC stocks and imports, if any.
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REVISED AGREEMENT BETWEEN INDIA AND THE EXECUTIVE COMMITTEE FOR THE
PHASE-OUT IN CONSUMPTION AND PRODUCTION OF CTC

1. This Agreement represents the understanding of India (the “Country”) and the Executive
Committee with respect to the complete phase-out of consumption and production of the Montreal
Protocol controlled substance set out in Appendix 1-A (the “Substance”) prior to 1 January 2010, in
compliance with Protocol schedules.

2. The Country agrees to phase out consumption and production of the Substance, as defined by the
Montreal Protocol, in accordance with the annual phase-out targets set out in rowsl and 2 of
Appendix 2-A (the “Targets”) for this Agreement, which at a minimum, correspond to the reduction
schedules mandated by the Montreal Protocol. The Country accepts that, by its acceptance of this
Agreement and performance by the Executive Committee of its funding obligations described in
paragraph 4, it is precluded from applying for or receiving further funding from the Multilateral Fund in
respect to the Substance.

3. The Country considers that the use of the Substance in the production of DV acid chloride
(DVAC) to be a feedstock use. If either the Country or the Parties ever reclassify that use or any other
feedstock use to a controlled status, the Country agrees that it would phase out that use with no
compensation from the Multilateral Fund.

4. Subject to compliance by the Country with its obligations set out in this Agreement, the
Executive Committee agrees in principle to provide the funding set out in row 13 of Appendix 2-A (the
“Funding”) to the Country. The Executive Committee will, in principle, provide this funding at the
Executive Committee meetings specified in Appendix 3-A (the “Funding Approval Schedule™).

5. The Country will meet the consumption and production limits for the Substance as indicated in
rows 1 and 2 in Appendix 2-A. It will also accept independent verification by the relevant Implementing
Agency of achievement of these consumption and production limits as described in paragraph 9 of this
Agreement.

6. The Executive Committee will not provide the Funding in accordance with the Funding
Disbursement Schedule unless the Country satisfies the following conditions at least 30 days prior to the
applicable Executive Committee meeting set out in the Funding Disbursement Schedule:

@ that the Country has met the Targets for the applicable year;

(b) that the meeting of these Targets has been independently verified as described in
paragraph 9; and

(c) that the Country has submitted and received endorsement from the Executive Committee
for an annual implementation programme in the form of Appendix 4 A (the “Annual
Implementation Programs™) in respect of the year for which funding is being requested.

7. The Country will ensure that it conducts accurate monitoring of its activities under this
Agreement. The institutions set out in Appendix 5-A (the “Monitoring™) will monitor and report on that
monitoring in accordance with the roles and responsibilities set out in Appendix 5-A. This monitoring
will also be subject to independent verification as described in paragraph 9.
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8. While the Funding was determined on the basis of estimates of the needs of the Country to carry
out its obligations under this Agreement, the Executive Committee agrees that the Country will have full
flexibility in the use of Multilateral Fund assistance to achieve the overall objectives of this Agreement
and to meet its obligations to the Montreal Protocol. Therefore, specific funds that were thought to be
needed for specific items originally proposed in the Plan for the Phase out of Consumption and
Production of CTC, except the US $2 million which must be used by the Country solely to implement,
monitor and effectuate full compliance with this Agreement, can be reallocated to other activities as long
as expenditures are consistent with this Agreement and eligible within the context of the Montreal
Protocol. Any remaining funds provided to the Country pursuant to this Agreement may be used in any
manner that the Country believes will achieve the smoothest and most efficient CTC phase out.

9. The Country agrees to assume overall responsibility for the management and implementation of
this Agreement and of all activities undertaken by it or on its behalf to fulfill the obligations under this
Agreement. The World Bank (the “Lead 1A”) has agreed to be the lead implementing agency and France,
Germany, Japan, UNDP and UNIDO (the “Cooperating IAs”) have agreed to be cooperating
implementing agencies under the lead of the Lead IA in respect of the Country’s activities under this
Agreement. The Lead IA will be responsible for carrying out the activities listed in Appendix 6-A,
including performance and financial verification in relation to all activities, within the purview of the
World Bank, in accordance with this Agreement and with specific World Bank procedures and
requirements. The Country also agrees to periodic evaluations, which will be carried out under the
monitoring and evaluation work programmes of the Multilateral Fund. The Cooperating 1As will be
responsible for carrying out activities listed in Appendix 6-B, including performance and financial
verification in relation to activities implemented under their supervision.

10. The Lead 1A will assist the Country to implement activities required for achieving the Targets
specified in this Agreement and also to assist the Country to carry out activities related to policy and
regulatory development to support sustainable phase-out of the Substance in both the consumption and
production sectors. The Cooperating 1As will, in collaboration with the Lead IA, provide support for
activities related to investment activities to support the phase-out of the Substance in the metal cleaning
and process agent applications and in the textile industry as described in the sector plan
(IND/PHA/40/INV/363). The funding for activities implemented by the bilateral Cooperating 1As will be
counted against their bilateral contributions to the Multilateral Fund in annually specified tranches. In
case the Lead IA or any of the Cooperating 1As would like to sub-contract part of their activities to other
implementing agencies, concurrence of the Country must be sought and the description of such an
arrangement should be reported in the annual implementation programmes.

11. The Executive Committee agrees, in principle, to provide the Lead IA and the Cooperating 1As
with the respective fees set out in rows 4, 6, 8, 10 12 and 14 of Appendix 2-A.

12. Should the Country, for any reason, not meet the Targets for the elimination of the Substance or
otherwise does not comply with this Agreement, then the Country agrees that it will not be entitled to the
Funding in accordance with the Funding Disbursement Schedule. At the discretion of the Executive
Committee, Funding will be reinstated according to a revised Funding Disbursement Schedule determined
by the Executive Committee after the Country has demonstrated that it has satisfied all of its obligations
that were due to be met prior to receipt of the next instalment of Funding under the Funding
Disbursement Schedule. The Country acknowledges that the Executive Committee may reduce the
amount of the Funding by the amount set out in Appendix 7-A in respect of each ODP tonne of reductions
in consumption and production not achieved in any one year.



UNEP/OzL.Pro/ExCom/75/20
Annex Il

13. The Funding components of this Agreement will not be modified on the basis of any future
Executive Committee decision that may affect the Funding of any other consumption/production sector
projects or any other related activities in the Country.

14. The Country will comply with any reasonable request of the Executive Committee, the Lead IA,
and the Cooperating 1As, to facilitate implementation of this Agreement. In particular, it will provide the
Executive Committee, the Lead IA and the Cooperating 1As, with access to information necessary to
verify compliance with this Agreement.

15. All of the agreements set out in this Agreement are undertaken solely within the context of the
Montreal Protocol and do not extend to obligations beyond this Protocol and as specified in this
Agreement. All terms used in this Agreement have the meaning ascribed to them in the Protocol unless
otherwise defined herein.

16. This revised Agreement supersedes the Agreement reached between the Government of
India and the Executive Committee at the 45" meeting of the Executive Committee.



UNEP/OzL.Pro/ExCom/75/20

Annex Il
Appendices

Appendix 1-A: The Substance
| Annex B: | Group Il | CcTC
Appendix 2-A: The Targets, and Funding

Baseline® 2003 2004 2005 2006 2007 2008 2009 2010
Montreal Protocol Consumption 11,505 N/A| N/A| 1,726 1,726 1,726 1,726 1,726 0
Reduction Schedules (ODP
tonnes)?
1. Max allowable total 11,505 N/A| N/A| 1,726 1,147 708 268 48 0
consumption (ODP tonnes)
Montreal Protocol Production 11,553 N/A| N/A| 1,733 1,733 1,733 1,733 1,733 -
Reduction Schedules (ODP
tonnes)®
Production allowance for basic - - 1,155 1,155 1,155 1,155 1,155 1,733
domestic needs of Article 5
countries (ODP tonnes)*
Total production allowed by the N/A| N/A| 2,888 2,888 2,888 2,888 2,888 1,733
Montreal Protocol (ODP tonnes)
2. Max allowable total 11,553 N/A| N/A| 1,726 1,147 708 268 48 -
production (ODP tonnes) for this
Agreement
3. WB agreed funding 8,520,843 9,180,112 399,045 9,556,267| 4,020,938 3,211,875| 3,211,874 -
4. WB support costs 639,063 688,508 29,928 716,720 301,570  240,891] 240,891 -
5. France agreed funding - 1,000,000/ 1,000,000 500,000 500,000 - -
6. France support costs - 85,000 85,000, 85,000 85,000 - -
7. Germany agreed funding - 700,000 700,000 300,000 300,000 - -
8. Germany support costs - 57,500 57,500 57,500 57,500, - -
9. Japan agreed funding - 2,500,000 2,500,000 - - - -
10. Japan support costs - 280,000 280,000 - - - -
11. UNIDO agreed funding 3,500,000 399,046
12. UNIDO agreed support cost 262,500 29,928
13. UNDP agreed funding Footnote 5
14. UNDP agreed support cost Footnote 5
15. Total agreed funding (US $) 8,520,843] 13,380,112| 8,099,045 10,755,313 4,820,938 3,211,875| 3,211,874
16. Total support costs (US $) 639,063 1,111,008 714,928 889,148 444,070 240,891 240,891
17. Total agreed costs (US $) 9,159,906| 14,491,120 8,813,973] 11,644,461 5,265,008 3,452,766| 3,452,765

1/ Baseline consumption and production levels are defined as the average levels of consumption and production during the
period from 1998 — 2000.

2/ Maximum allowable consumption levels stipulated in the Montreal Protocol (85 per cent reduction in 2005 and 100 per
cent reduction by 2010).

3/ Maximum allowable production levels stipulated in the Montreal Protocol (85 per cent reduction in 2005 and 100 per
cent reduction by 2010).

4/ Allowable production levels for meeting basic domestic needs of Article 5 countries as per the Beijing Amendment (10
per cent of base level from 2005 and 15 per cent of base level from 2010).

5/ At the 75" meeting, the Executive Committee noted the return of US $750,093 plus agency support costs of
US $56,257 from the World Bank and approved US $750,093 plus agency support costs of US $56,257 for UNDP.

Appendix 3-A: Funding Approval Schedule

17. The annual funding allocations, except those for 2004 and 2005, as shown in Appendix 2-A will
be considered for approval at the second meeting of the year of the annual plans. The funding allocations
for 2004 and 2005 will be submitted for approval at the first meeting of the respective annual plans.
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Appendix 4-A: Format of Annual Implementation Programme
1. Data

Country

Year of plan

# of years completed

# of years remaining under the plan

Target ODS consumption of the preceding year
Target ODS consumption of the year of plan
Level of funding requested

Lead implementing agency

Co-operating agency(ies)

2 Targets

Indicators Preceding year Year of plan Reductions

Supply of CTC Import

Production*

Total (1)

Demand of CTC Process Agents

Solvent

Total (2)

*For ODS-producing countries

3. Industry Action

Sector Actual Consumption Reduction Number of Number of | ODS phase-out
consumption |year of plan (2)| within year of projects servicing (in ODP
preceding year plan (1)-(2) completed related tonnes)
(1) activities

Manufacturing

Process Agents

Solvents

Other

Total

Servicing

Total

Grand total

4, Technical Assistance

Proposed Activity:

Objective:
Target Group:
Impact:

5. Government Action

Policy/activity planned Schedule of implementation

Type of policy control on ODS import:

Public awareness

Others
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6. Annual Budget

Activity Planned Expenditures (US $)

TOTAL

7. Administrative Fees

Appendix 5-A: Monitoring Institutions and Roles

1. The Country will be responsible for implementing the CTC phase-out plan. To strengthen
capacity of the Country to undertake a series of activities required to achieve permanent phase-out of
CTC in accordance with the agreed Targets, a small management unit with a high degree of
decentralization to ensure maximum coverage of all residual CTC users, will be established.

2. The management unit will be established within the Ministry of Environment and Forests. The
role of the management unit entails development of detailed implementation plan and overall monitoring
and supervision of the CTC phase-out plan. The responsibility of the management unit includes:

@ preparation and implementation of the annual implementation programme with assistance
from the Lead IA and Cooperating 1As;

(b) identification and assistance in the design of sub-projects under the plan;
(©) monitoring and supervision of project implementation at the national level including
coordination of independent verification of the ODS phase-out by the beneficiary

enterprises;

(d) information exchange support to the Ozone Cell, regional centers and beneficiary
enterprises;

(e reporting to the Director of the Ozone Cell on CTC phase-out related activities and
providing recommendations on Government’s interventions to be undertaken by the
Ozone Cell, if required;

()] periodic assessment of the alternatives supply situation;

(9) support implementation of information exchange and training activities; and

(h) maintenance of database and relevant records related to the CTC phase-out plan.

Appendix 6-A: Role of the Lead IA

3. The Lead 1A will be responsible for a range of activities specified in the project document and in
this Agreement along the lines of the following:

@ ensuring performance and financial verification in relation to all activities in accordance
with this Agreement and with its specific internal procedures and requirements as set out
in the Country’s CTC Phase-out Plan;




(b)

(©)

(d)

(€)
()

(9)

(h)

(i)

)
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providing verification to the Executive Committee that the Targets have been met, and
the achievement/progress of associated annual activities as indicated in the annual
implementation programme;

assisting the Country in preparation of the annual implementation programmes;

ensuring that achievements in previous annual programmes are reflected in future annual
implementation programmes;

carrying out required supervision missions;

ensuring the presence of an operating mechanism to allow effective, transparent
implementation of the programme, and accurate data reporting;

ensuring that disbursements to activities undertaken under the Lead IA supervision are
made to the Country based on the Targets in the annual programmes and provisions in
this Agreement;

providing assistance with policy, management and technical support when required;

developing, in consultation with the Country and the Cooperating IAs, the annual
phase-out targets for each 1A; and

developing a standard for verifying performance in achieving the Targets.

Appendix 6-B: Role of Cooperating 1As

1. The Cooperating IAs will be responsible for a range of activities specified in the project
document, in the respective Annual Implementation Plan and in this Agreement along the lines of the

following:

(@)

(b)

(©)

(d)

(€)
(f)

conducting performance and financial verification in relation to activities implemented
under their supervision;

providing reports to the Executive Committee, through the Lead IA, on these activities
and their impact in terms of ODP phase-out, for inclusion in the consolidated reports and
annual programmes to be prepared by the Country with the assistance of the Lead IA;

assisting the Country in preparation of annual implementation programmes for relevant
activities under their supervision;

ensuring that achievements of their activities are reflected in future annual
implementation programmes;

carrying out required supervision missions;
providing the presence of an operating mechanism to allow effective, transparent

implementation of their activities, and accurate data reporting pertaining to ODP impact
of their corresponding activities;



UNEP/OzL.Pro/ExCom/75/20
Annex |l

(0) provide, in collaboration with the Lead 1A, policy development assistance, management
and technical support when required; and

(h) coordinating its activities with the Lead IA and among all Cooperating 1As.
Appendix 7-A: Reductions in Funding for Failure to Comply

1. In accordance with paragraph 12 of the Agreement, the amount of funding provided may be
reduced by US $4,510 per ODP tonne of reductions in consumption and production not achieved in the
year.
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EXECUTIVE SUMMARY

The MLF/UNDP demonstration project on low-cost hydrocarbons (HC) technology was approved at the 58
meeting of the Executive Committee in July 2009, with the main technology report submitted to and approved by
the 66™ meeting of the Executive Committee in April 2012.

That main report on the potential use of preblended or direct injected hydrocarbons in the manufacture of (rigid)
polyurethane foams, identified potential follow-up issues as follows:

* To optimize the three-way injection mixing head;

e To investigate whether system house (SH)-preblended and directly injected approaches lead to lower free
rise densities;

¢ To extend the direct Injection approach to a cost-effective retrofit model;

* To develop a costing concept, and

® To prepare tailored safety concepts for each of the two mentioned approaches.

After a review of previous conclusions, this report summarizes, comments, and draws conclusions on findings
from this follow-up work. Based on the initial report, UNDP decided to optimize the mixing head (with the
machine supplier - SAIP) and conduct further study on the density effect of system house-blended as well as
directly injects CP systems. (with the assistance of Dow Formulated Systems).

IMPROVEMENT OF THE MIXING HEAD
SAIP developed a new mixing head to improve impingement and therefore blending of the injected three
components. After some further improvements, this head was installed and trials to address the effectiveness of

the system house (SH) -preblended and directly injected systems commenced.

Dow reported that insulation values improved indeed and are now virtually identical to the ones with preblended
cyclo-pentane (c-pentane or CP). It can therefore be concluded that

CP DIRECT INJECTION IS AS EFFECTIVE IN THERMAL INSULATION AS PREBLENDED SYSTEMS

They reported on density verification trials as follows:

Runs: 1,2,3 (av, Runs : 4,5,6 (av,
Test CP: Preble(ndg) cp: 3¢ Stre(amg) Notes
Reactivity Same reactivity profile:

CT:4-5,GT: 55-58.TFT: 88-90

Free rise density 0.5 hr 24.40 24.24 Normal difference & deviation
Free rise density 24 hr 25.07 25.20 Normal difference & deviation
Crocodile 25.07 25.20 Normal difference & deviation
Flow Index 0,5 & 24 hr, 1.315/1.275 1.324/1.295
At 10 % OP
Compression Set 145 140
10°C mean temp 20.00 20.46 0.46 - 0.5 advantage for preblend
23%C mean temp 21.45 22.03 0.46 - 0.5 advantage for preblend
At 15 % OP
Compression Set 155 156
10°C mean temp 20.45 20.49 In range
239%C mean temp 21.38 21.88 0.46 - 0.5 advantage for preblend




From Dow’s report it is concluded that.

A DIRECT STREAM APPROACH PROVIDES NO DENSITY ADVANTAGE OVER
PREBLENDED SYSTEMS

UNDP designed a simplified safety system for both approaches—SH-preblending and direct injection. While
the basic requirements remain the same as for enduser blending, the simplification requires less exhaust, less
sensors and less piping as a result of eliminating the need of a preblender. As preblending is an operation
that most foam manufacturers are not used to, there are benefits from simplified operations as well. Overall
cost savings are estimated to be USS 50,000 - 100,000 per project.

The overall conclusions of this pilot project are that:

® Preblended cyclopentane systems are sufficiently stable and can be commercially used;

e Preblended normal-pentane (n-pentane) systems are unstable and not recommended for commercial
use. However, in direct injected systems, normal-pentane as well as cyclo-pentane (c-pentane) can be
used;

® Direct injection with c-pentane (CP) can achieve the same effectiveness as preblended systems in view of
density and thermal insulation when using optimized equipment;

* Any performance differences between end-user blended and SH blended systems is most likely related to
blending and handling operations with the SHs being more precise;

* Indicative differences in density between the different ways to apply HCs could not be substantiated;

® Cost savings from SH-blended and direct injection compared to enduser-blended systems are in the
range of 50,000 - 100,000 USS, and

e Simplified safety requirements apply

There are now three equipment suppliers that UNDP is aware of that offer direct injection of blowing agents:

e Cannon/Italy used in UNDP pilot projects for MF and ML in Brazil;
e OMS/ltaly focusing on retrofit;
e SAIP used in the UNDP pilot project for HCs in Egypt.

As to preblended systems, apart from Bayer, who has supplied commercially preblended systems in Eastern
Europe, Pumex/Mexico has developed CP preblended systems as part of an MLF/UNDP project. Pumex is offering
these systems to all its customers that are willing to comply with safety requirements developed by the system
house. It has produced videos showing safe operational practices and fire behavior of resulting products.

Recently Pumex has conducted extensive trials in the sprayfoam sector with good results. It expects to have
replaced 70% of its HCFC-141b consumption by the end of the year, mostly by cyclo-pentane and is participating
in a UNDP demonstration project sponsored by the US State Department in which it will address CP/HFO blends.



1. INTRODUCTION

In the main technology assessment report on potential use of preblended or direct injected hydrocarbons in the
manufacture of (rigid) polyurethane foams, submitted by UNDP in March 2012 for the consideration at the 66
meeting of the Executive Committee, potential follow-up issues were identified as requiring further investigation:

® To optimize the three-way injection mixing head;

* To investigate whether the tentative fact that preblended and directly injected approaches in the use of
pentane and cyclopentane lead to lower free rise densities can be substantiated;

® To extend the Direct Injection approach to a cost-effective retrofit model;

* To develop a costing concept based on this report as well as the follow-up outcome; and

* To prepare a tailored safety concept for each of the two mentioned approaches.

SAIP, UNDP’s partner in the development of a direct injection dispenser and Dow, UNDP’s partner in the
development of preblended hydrocarbon (HC) systems, were contacted and two tasks were developed:

e With SAIP, the optimization of the mixing head of the dispenser provided under this project;
e With Dow, to conduct a follow-up study on the possible (beneficial) density effect of preblended or
directly injected cyclo-pentane.

After receiving the outcome of these tasks, UNDP would then decide, how to address the other mentioned issues,
which are:

® Preparation of tailored safety concepts for direct HC injection and preblended HC systems;
e Possible extension of the Direct Injection approach to a cost-effective retrofit model; and
® A costing concept based on this original as well as the follow-up findings.

This report summarizes and comments on the findings from Dow, SAIP and the follow-up work by UNDP and can
be considered a final complementary report on the issue. It has been delayed because of:

(i) management changes at Dow ltaly who had directed the original study—making it necessary to move
the entire task to Dow-Egypt;

(ii) political unrest in Egypt which caused delay in conducting the necessary trials; and

(iii) initially inconclusive results on density benefits, necessitating a change in the trial set-up.

There has been considerable time passed between the initial report—March, 2012 which was considered final at
that time—and this “final” complementary report—September 2015 that addresses issues highlighted in the
initial report that the ExCom deemed worth pursuing. It would be of interest to review in how far preblending
and/or direct injection have progressed in the market and what the effect(s) have been on technology and
chemical systems. UNDP has added a brief review to that matter to this report.

This report starts with a review of previous conclusions as mentioned in the initial and the first follow-up
complementary report. It proceeds then with a description of equipment and chemical development work that
has been performed based on suggestions from the initial report. The report continues to address issues of safety
and costing and then draws conclusions from the follow-up work as well as conclusions from the consolidated
work and closes with a review of current market activities on preblended/direct injection of hydrocarbons.

UNDP acknowledges the work by Dow as well as SAIP in chemical and equipment development. It is also grateful
to Pumex/Mexico for sharing information on their work in bringing preblended cyclo-pentane into the market.



2. SUMMARY OF THE INITIAL REPORT
The initial main technology report offered conclusions that can be summarized as follows:
PREBLENDED HYDROCARBONS (HCs)

e Pre-blended cyclo-pentane (CP) systems are sufficiently stable and can be commercially used,;

* No preblender and related (tanks, piping) equipment needed, leading to savings of around US$ 100,000;

e There were indicative costs savings expected from lower densities. However, more research was needed
to confirm this. If confirmed, the overall difference in operating costs was estimated between 6 and 8%;

® Against this, the possibility of higher transportation costs needed to be considered;

e K-values are 5-8% higher than for HCFC-141b foams but equal to conventional c-pentane (CP) foams.

USE OF NORMAL PENTANE (NP)

® Preblended NP systems are stable for less than a month and therefore not recommended for use;

® |n case of direct injection, normal-pentane as well as cyclo-pentane can be used;

® The k-values achieved with direct-injected n-pentane are inferior leading to the conclusion that this
substance should not be used in critical thermal insulation applications.

DIRECT INJECTION

e Equipment developed for direct HC injection shows good reproducibility and consistency as well as
homogenous mixtures, despite higher polyol viscosities;

® The three way mixer head showed insufficient impingement and needed redesign;

* Free blown densities from direct injection are even lower than for preblended cyclo-pentane;

e No preblender along with auxiliary equipment (tanks, piping, etc) is needed but the need for a third
dosing line might absorb most, if not all of these savings;

e Based on lower comparable densities, incremental operational costs savings of up to 10% can be
expected when using direct injection. This statement still needed confirmative through further trials.

PROPOSED FURTHER WORK

Dow, who performed the experimental work of this project reported that “Third stream addition of pentane, in
the specific of System B has a positive effect in lowering the free rise density (better blowing efficiency)....In
principle this seem to indicate that third stream could allow to go for slightly lower applied densities.”

Dow also recommended as future work optimization of pentane impingement pressure and reactivity to close the
delta in gel time and thermal conductivity that were observed vs pre-blended process.

Based on Dow’s findings and recommendations, UNDP decided to optimize the mixing head (with the
machine supplier SAIP) and conduct further study on the density effect of system house-blended as well as
directly injects CP systems.

3. FOLLOW-UP WORK

A first follow-up complementary report dated September 2014 reported inconclusive results based on
problems with a new three-way mixing head. This kept Dow-Egypt from making sufficient trials and final
conclusions.



It appeared that the favorable density effect compared to conventionally prepared c-pentane (CP) blends still
exists but because of the mentioned technical problems with the mixing head, this finding was not conclusive.
Further mixing head revisions were implemented followed by more trials. As reported, the political situation
in Egypt caused some delays in the program as well.

IMPROVEMENT OF THE MIXING HEAD

SAIP provided a new mixing head to improve impingement and blending of the injected three components.
After some further improvements, this head was installed with trials implemented in 2015.

Subsequently, Dow-Egypt reported that insulation values improved and are now virtually identical to the ones
with preblended and conventionally blended (in situ with a locally installed preblender) cyclopentane. It can

therefore be concluded that

CP DIRECT INJECTION IS AS EFFECTIVE IN THERMAL INSULATION AS
PREBLENDED SYSTEMS

DENSITY VERIFICATION TRIALS
Six machine evaluations were conducted using a refrigeration system (Voracor CR 1070):

® Three with preblended CP (in the polyol);
e Three with CP as third stream directly in the mixing head

The outcome of these trials can be summarized as follows:

Runs: 1,2,3 (av. Runs : 4,5,6 (av
Test CP: Preble(ndg) cp: 3¢ Stre(amg) Notes
Reactivity Same reactivity profile:

CT:4-5,GT: 55-58.TFT: 88-90

Free rise density 0.5 hr 24.40 24.24 Normal difference & deviation
Free rise density 24 hr 25.07 25.20 Normal difference & deviation
Crocodile 25.07 25.20 Normal difference & deviation
Flow Index 0,5 & 24 hr, 1.315/1.275 1.324/1.295
At 10 % OP
Compression Set 145 140
10°C mean temp 20.00 20.46 0.46 - 0.5 advantage for preblend
23%C mean temp 21.45 22.03 0.46 - 0.5 advantage for preblend
At 15 % OP
Compression Set 155 156
10°C mean temp 20.45 20.49 In range
23%C mean temp 21.38 21.88 0.46 - 0.5 advantage for preblend

No further comparison between densities from system house (SH) and recipient (end-user) Preblending has been
conducted. As the operation is basically the same—just executed at different locations—it is believed that any
difference is related to better procedures at system houses, resulting in less loss of blowing agent.

Current tests on MF, ML and HC blends with HFOs in Mexico (a USA sponsored project) show that ABA losses can
be considerable and that proper procedures against evaporation from blends are important.



Attachment-1 contains Dow’s detailed test reports and describes the test methods used. From the report it is
concluded that.

A DIRECT STREAM APPROACH PROVIDES NO DENSITY ADVANTAGE OVER
PREBLENDED SYSTEMS

SAFETY

By not requiring a preblender with auxiliaries, both systems—(SH) Preblending and Direct Injection—allow for
a simplified safety system. While the basic requirements remain the same, the simplification requires:

® |Less exhaust
® Lesssensors
® |ess piping

Also, an operation that most foam manufacturers are not used to—system blending—is not anymore
required. Attachment-2 shows the simplified safety requirements for a refrigerator system.

COSTS

The removal of a preblender with auxiliaries from the cost of a conversion from HCFC-141b to cyclo-pentane
should save around USS$ 80,000-100,000 per project. In case of direct injection, this cost reduction is partly
reduced by the cost increase of the dispenser (estimated on USS 30,000). Currently, Cannon, OMS and SAIP
offer such dispensers. However, direct injection allows for more economic retrofit of existing dispensers as a
study by Impianti OMS states (Attachment-3).

4. CONCLUSIONS
CONCLUSIONS FROM THE FOLLOW-UP REPORT
Conclusions from the additional work carried out on behalf of UNDP and summarized before, is that

e Direct injection with CP can achieve the same effectiveness as preblended systems in view of density
and thermal insulation when using optimized equipment;

e Any performance differences between end-user blended and SH blended systems is most likely
related to blending and handling with the SHs being more precise;

® Indicative differences in density between the different ways to apply HCs could not be substantiated;

e Cost savings from SH-blended and direct injection compared to end-user blended systems are in the
range of USS$ 50,000 - 100,000, and

¢ Simplified safety requirements apply.

This, combined with the conclusions from the initial report lead to the following.
CONCLUSIONS FROM ALL REPORTS
® Pre-blended cyclopentane systems are sufficiently stable and can be commercially used;

e  Cost savings from SH-preblended and direct injection compared to end-user blended systems are in the
range of USS$ 50,000 - 100,000:



e Preblended normal-pentane systems are unstable and not recommended for commercial use. At the same
time, for direct injected systems, normal-pentane as well as cyclo-pentane (c-pentane) can be used;

e Direct injection with c-pentane can achieve the same effectiveness as preblended systems in view of
density and thermal insulation when using optimized equipment;

e Any performance differences between end-user blended and SH blended systems is most likely related to
blending and handling operations with the SHs being more precise;

* Indicative differences in density between the different ways to apply HCs could not be substantiated;

e  Cost savings from SH-blended and direct injection compared to end-user blended systems are in the range
of USS 50,000 - 100,000, and

e Simplified safety requirements apply

EXPERIENCE FROM THE MARKET

There are now three equipment suppliers that UNDP is aware of that offer direct injection of blowing agents:

e Cannon/ltaly used in UNDP pilot projects for MF and ML in Brazil
e OMS/lItaly focusing on retrofit
e SAIP used in the UNDP pilot project for HCs in Egypt

As to preblended systems, apart from Bayer, who has supplied commercially preblended systems in Eastern
Europe, Pumex/Mexico has developed CP preblended systems as part of an MLF project assisted by UNDP.
Pumex is offering these systems to all its customers that are willing to comply with safety requirements developed
by the system house. It has produced operational videos showing safe practices and fire behavior of resulting
products.

Recently Pumex has conducted extensive trials in the sprayfoam sector with good results. It expects to have
replaced HCFC-141b by the end of the year, mostly by cyclopentane and is participating in a UNDP demonstration
project sponsored by the US State department in which it will address CP/HFO blends.
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PROCESS SAFETY GUIDELINES

IN THE MANUFACTURE OF PU INSULATION FOAMS
WHEN USING FLAMMABLE SUBSTANCES AS BLOWING AGENT USING PREBLENDED
RSYSTEMS OR DIRECT INJECTION

The following safety concept is based on internationally recognized and applied standards. In addition, it is possible that
local standards or company policies exist that have to be adhered to. The stricter standard will prevail in a given
situation:

e (lassify all identified hazard areas following IEC 79-10, second edition, 1986:

Zone 0: Where a constant amount of highly flammable/ explosive liquids or gases may be expected.
Material must be explosion- proof and grounded.

Zone 1:Where, from time to time, highly flammable liquids or gases may be expected. Material must be
Ex-e, -d or -i and grounded.

Zone 2: Where only by accident or scheduled maintenance highly flammable/explosive gases may be
expected. Material required is Ex-n or with IP54 sealing and grounded.

¢ Reclassify or restrict as many areas as possible by the application of engineered solutions such as
ventilation, exhaust, ionized air blowers, other static dissipaters, separation walls, etc.;

¢ Safeguard areas that cannot be reclassified, through explosion proofing;

¢ Provide additional safeguarding through the use of a combustible gas monitoring system with sensors at
designated potential emission points and a portable gas detector to be used as part of a formal monitoring
plan for areas that do not have continuous monitoring;

¢ Provide adequate emergency response gear such as firefighting equipment;

¢ Train personnel in safe operating procedures, preventive maintenance, and emergency response. Use
formalized procedures through a safety manual and an emergency response plan;

¢ Use an external expert, a qualified equipment supplier or a technology transfer agreement to supervise all
designs, the implementation and the start-up. The initial production start-up after conversion should be
attended by experienced operating personnel.

With the help of this safety concept, it is possible to design actual modifications that have to be made to implement the
transfer from HCFCs to hydrocarbons. Actual implementation can differ, depending on equipment, plant layout,
housekeeping and surroundings.



A "standard" conversion for a discontinuous process would be along the following lines:

CENTRAL SAFETY AND CONTROL SYSTEMS

Gas Sensing and Alarm System

The plant shall have installed gas sensors on locations where the possibility of emissions or leakage of CP exist.
The sensors are to be connected to a centralized control panel in a safe area, clear from potential emission
sources.

The system shall be capable to trigger two consecutive visual/acoustical alarm levels, related to the percentage
LEL reached. Recommended is a first level alarm on 15% LEL and a second alarm level at 30% LEL.

The acoustical alarm shall be a minimum of 85 Db, or at least 15 Db over plant noise level.

The visual alarm shall be in the pouring area.

The first alarm shall be for warning purposes only.

The second alarm shall shut down the pouring operation and the pentane supply, while increasing the process
exhaust.

The system shall have an independent power back-up.

An auxiliary portable gas sensor with calibration unit shall be kept on site.

Exhaust System

The plant shall have installed a centralized or sufficient localized emission extraction systems of sufficient
capacity serving locations where the possibility of emissions or leakage of pentane exist.

The system(s) shall have a two stage capacity and back-up power.

The system(s) shall be interlocked with the sensor and alarm system.

The system(s) shall have an independent power back-up.

Grounding

All equipment in areas where CP emissions or leakage can occur shall be connected to a central electrical
grounding system.
The grounding shall conform with internationally accepted specifications e.g. NFPA 77.

Procedures

The enterprise shall provide the necessary operational safety and emergency response instruction and training to
staff and personnel involved in the operations using cyclopentane.
A Safety Manager shall be appointed in the factory. The manager will receive appropriate training and education
and be properly certified.
Hazardous areas shall be clearly marked by signs indicating the Area Zoning.
Piping shall be color coded.
No smoking shall be allowed in the factory and its immediate surroundings. The no smoking policy shall be
properly marked by signs.
Periodic safety audits shall be effected. The audits shall include measuring of CP concentrations in areas not
covered by permanent sensors through the use of the portable sensor by a qualified person.
A Safety Manual shall be developed and maintained. The manual should as a minimum address:

= Safety Organization and Responsibilities

» Standard Procedures for Work in Hazardous Areas

= Response to Emergency Alarms

= Start-up procedures after Emergency Shutdown



CYCLOPENTANE STORAGE (IF APPLICABLE)

Location and installation of storage systems for hydrocarbons are subject to local regulations.

Design of tank, piping, valves shall comply with internationally recognized standards, e.g. ISPEL, NFPA 30 and
NFPA 58. Recommended design pressure for a HC container is 250 psi.

Tanks shall have an electrically/pneumatically operated shutoff control valve on the outlet pipe of the tank that
can be activated from within the plant. In addition, it shall be possible to shutoff the electrical power supply to
the tank from within the plant as well as at the tank.

e Nitrogen blanketing shall be provided.

e All components shall be properly grounded.

® Protection against lightning may be required depending on location.

e All installations within 4 m radius of the tank shall meet Zone 1 requirements.

e Minimal one gas detector, connected to the central gas sensing and alarm system, shall be installed.

¢ At aminimum two portable fire Extinguishers shall be installed.

e The tank shall be in a concrete (spill) containment of sufficient size in a fenced, locked area, preferable with a
cover to protect against direct sunlight.

e The CP transfer pump, if included, shall be explosion proof with backflow protection.

FOAM DISPENSER

e Tanks shall be placed in/on individual spill containment of sufficient size.

e At a minimum, the polyol tank and pump shall be placed in an enclosure, attached to an adequately sized two
stage ventilation system that allows 6/10 air replacements/ hour. Placement of the complete dispenser in an
enclosure is recommended.

®  Drip pans shall be placed under metering pumps.

¢ All installations in the enclosure shall meet Zone 1 requirements.

e At a minimum one gas detector shall be installed, attached to a central gas sensing and alarm system.

® Minimal two 6 kg ABC portable fire extinguishers shall be installed close to the foam dispenser.

e All equipment shall be properly grounded.

FIXTURES

Cavities in fixtures shall be inerted by nitrogen prior to the foam pouring operation. IEC 79-10 provides
instructions for the calculation of the amount of inertization gas.

Emissions from fixtures shall be removed through an adequately sized two staged extraction system. Calculation
of the lower stage ventilation capacity should be based on the emission of 5% of the CP injected.

Generation of static electricity should be minimized through proper grounding. In addition, the installation of
ionized air blowers and/or nitrogen flushing is recommended.



SAFETY INSPECTION CHECKLIST

1. CYCLOPENTANE STORAGE AND TRANSFER (IF APPLICABLE)
REQUIREMENTS OK [ OBSERVATIONS

1.1 Meets local Specifications

1.2 Certified by recognized Institution

1.3 Suitable located

1.4 Protected against traffic

1.5 Placed on a pavement

1.6 Fenced in with locked door

1.7 Spill basin of adequate size

1.8 Electrical installation meeting codes

1.9 Gas sensor installed and operational

1.10 Nitrogen blanketing

1.11 Leak detection installed

1.12 Two 9 kg ABC fire extinguishers

1.13 Connection to the premixer meeting
requirements

1.14 Grounded, with extra cable to connect to
drums or tank truck

1.15 Interconnected  with  the central
safety/alarm system

1.16 Water hydrant in vicinity

1.17 Easy access for delivery /operation

1.18 Ex-proof transfer pump with backflow
protection and lubrication

2. FOAM DISPENSING AREA
REQUIREMENTS OK COMMENTS /ACTIONS

2.1 Tanks placed in separate spill
containments of 110% each

2.2 Drip pans under pumps

23 Polyol tank and pump placed in an
enclosure attached to a two speed
exhaust system

24 Electrical installation meeting codes

2.5 Two gas sensors

2.6 Electrically grounded

2.7 Two 6 kg ABC fire extinguishers

2.8 Nitrogen blanketing polyol tank

2.9 No cavities in the floor

2.10 Interconnected ~ with  the  central
safety/alarm  system  (ventilation,
automatic shut-off, gas sensor)

2.11 Separated from other operations




3. POURING AREA/FIXTURES
REQUIREMENTS OK COMMENTS /ACTIONS
3.1 Installed in a separate area
3.2 No cavities in the floor
33 Explosion proof electrical fixtures
34 Connected to a two speed exhaust system
35 Gas sensors at each pouring location
3.6 Installation of a nitrogen flushing system
on the mixing heads
3.7 Installation of a nitrogen inertization
system for the molds/fixtures
3.8 Electrical installation meeting codes
39 A 6 kg ABC fire extinguisher
3.10 Fixtures electrically grounded
3.11 Interconnected  with  the central
safety/alarm system
4. CENTRAL SAFETY/ALARM SYSTEM
REQUIREMENTS OK COMMENTS /ACTIONS
4.1 Placed in a safe, accessible area,
separated from hazardous operations
4.2 Interconnecting all gas sensors, exhaust
systems, shut-off valves and other safety
features into one central system
4.3 Capable to trigger alarm on two
consecutive LEL percentages
4.4 Featuring acoustical as well as visual
alarm and process shut down
4.5 Independent power back-up
S. SAFETY MANAGEMENT PROCEDURES
REQUIREMENTS OK COMMENTS /ACTIONS
5.1 Provision of operational safety and
emergency response instruction
5.2 Appointment of a Safety Manager
53 Marking of all hazardous area's by signs
indicating the area coding
54 Installation of non-smoking signs
5.5 Color coding of piping
5.6 Pertinent standard operational
procedures to assure proper safety
5.7 Handheld sensor/calibrator
5.8 Institution of regular safety audits
5.9 Emergency response planning




E. Greco, G. Podrecca

Direct injection of blowing
agent into the mixing head
as a third stream

2y, manufacturers in the field of domestic and industrial refrigeration, sandwich

nd water heaters are under pressure to save the energy used by their products.
cing banned or less-effective blowing agents with newer, more environmentally
riendly biowing agents is one way to improve the energy efficiency of foam insulation.
ihese newer blowing agents, however, can require expensive dedicated safety systems,
equpment modifications or equipment replacements. Impianti OMS shows how to improve
éhe thermal conductivity of polyurethane foam while minimizing costs of process changes
by directly injecting a blowing agent, as a third stream, into a mixing head using high-pres-
strsmpngement mixing technology. In cooperation with a leading material and chemical
lier, OMS conducted experimental studies and subsequent trial sessions in

y in ltaly on industrial water heaters. The water heater manufacturer followed
il suggestion to use a new generation blowing agent instead of water to meet
energy usage requirements. The water heaters made with this technology
% reduction in heat loss when compared to water heaters made with the
wit system. Our technical solution also showed good performance in
 flow, density distribution and fill weight. By directly injecting the blowing
¢ iaird stream at the mixing head, OMS demonstrated that a manufacturer can
to achieve better energy efficiency while using existing equipment
-afions) and minimizing the amount and cost of additional processing

introduction erties of thermal insulation while preserving

the environment (ODP-GWP). At this time, the

g agents used in polyurethane sys-
continue to be the focus of great inter-

t and ongoing research because of the
aead to improve the physical-chemical prop-
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use of flammable and potentially explosive
blowing agents (tab. 1) in the production of
low-density rigid foam requires dedicated
equipment, technical solutions and pertinent
safety systems. Because of this, insulation
manufacturers find themselves facing sig-
nificant investments in new equipment or
conversion of existing foaming equipment.

¥ Tab. 1: Flammable blowing agents

QOur alternative solution is injection of the
blowing agent directly into the high pressure
mixing head as a third component stream
(fig. 1). OMS in cooperation with Huntsman
ltaly and Domotec AG of Switzerland (water
heaters manufacturer) conducted intensive
research and several laboratory trials to
prove the feasibility of this solution.

Today, manufacturers use rigid, low-density
polyurethane foam as thermal insulation to
control heat loss in hot water heaters. Thase
manufacturers now must find different blow-
ing agents to meet changing environmental
regulations and energy efficiency standards.
The test results of our laboratory, together
with the results of analysis carried out at
Huntsman laboratory in Ternate, ltaly, con-
firmed that c-pentane can be used easily as
a valid alternative solution in the production
of domestic or industrial water heaters.

2 Experimental activities and
trials

The experimentation activities involved the
following steps:

a) Development and implermentation of the
dosing unit and mixing head for the blow-
ing agent with particular attention 1o the
injection of the third component directly
into the mixing chamber of the high-pres:
sure mixing head (fig. 2).

b) Processing tests with a Lanzen-Brett
mould (fig. 3) using c-pentane as the
third independent stream, compared to an
already blended system (polyol blended
with c-pentane) and examination of the fi-

Blowing agent |HF C-365mfc fMethy ; Methylal | n-Pentane | i-Pentane c-Peh‘t;an'q
ormate Figed

Molecular weight / g/mol 148 60 76 72 72 70

Boiling point / °C 40.2 313 42 36.1 27.8 49.3 i

Gas conductivity i B i

at 25 °C / mWAm-K) 10.6 10.7 14.5 (at 42 °C) 14.6 13.8 12

Flammability LEL-UEL /vol.% | 3.6-13.3 | 5.0-23.0 | 2.2-19.9 1:5-7.8 1.4-7.6 1L1-87 i

Density / kg/m? 1,270(20 °C)| 982 (20 °C)| 821 (20 °C} | 631 (15 °C)| 624 (15 °C)| 748 (15 °C}|

GWP 782 5 0 11 11 1]

Oonp N N 0 N 0 N




fial physical-mechanical properties of the
two production methods (in cooperation
with Huntsman) (tab. 2).

2] Foaming tests of several water heaters

{fig. 4} using c-pentane as third indepen-
dent stream in cooperation with Hunts-
man and Domotec as well as testing and

analysis of the obtained results.

3 Results

{

0 activities prove as follows:

e resulis of the mentioned experimenta-

1; There was no particular processing dif-
ference between injecting a pre-blend of

Standard system

polyol/c-pentane and c-pentane injected
as third stream directly into the mixing
head.

b) The final physicalmechanical properties
are very similar.

c) Compared to a water blown system, using
c-pentane as a third stream achieved a
weight reduction of 10-15 % and a 26 %
improvement of the reverse heat leakage
(RHL) (tab. 3)

4 Conclusions
The OMS third stream direct injection of

flammable blowing agents into the mixing
head achieved satisfactory results in terms

c-Pentane as
third component

pbw 100 100
pbw 15 15
pbw 156 156
Cream / gel time s 4/38 4 /40
Minimum ;'”l]ug on Brett kg/m5 v 32.2
"' pcf 1.997 2.01
kg/m? 22 4
ra rise density i i
pef 1373 1.392
i Lambda value at 10 °C mW/m-K) 204 20.2
| Bsion fest kPa 162/128/102 150/135/121 | € Tab. 2:
|/ dicular) Tests using Lanzen-Brett
/ Perpendi psi 23.5/18.6/14.8 21.8/19.6/17.5 iy
: Water blown PU system | c-Pentane as third stream
trial
g I Reference 1|Reference 2 Water heater | Water heater
No. 2 No. 4
m weight / kg 73 7.3 6.3 6.0
>at flow / W 78.51 86.97 58.27 63.36
erage heat flow / W 82.74 60.81 < Tab. 3:
e Foam weight and reverse
L?r‘i /% 26.5 heat leakage (RHL)

Fig, 1:  Injection of the blowing agent directly into the

w

high pressure mixing head as a third component

Fig. 2:  OMS Y2K mixing head for three components
v

(CHERTH B
Third stream dosing unit
Blowing agent

Isocyanate

Blowing agent

of energy efficiency and for the final perfor-
mances of the produced water heaters.

We believe that this solution can be easily
used in other applications of thermal insula:
tion, including the production of discontinu-
ous panels, pipe insulation and industrial re-
frigeration.

It is essential to point out the lower financial
investment of this solution that allows keep-
ing the existing high-pressure foaming ma-
chine and just adding the blowing agent
metering skid.

[ ]

Fig. 3: LanzenBrett mould in the OMS laboratory and
v R&D centre

Fig. 4: Water heater assembly before foaming
v " operation




United Nations @ Nations Unies

INTEROFFICE MEMORANDUM MEMORANDUM INTERIEUR

OFFICE OF INTERNAL OVERSIGHT SERVICES - BUREAU DES SERVICES DE CONTROLE INTERNE
INTERNAL AUDIT DIVISION - DIVISION DE L'AUDIT INTERNE

to: Mr. Christophe Bouvier, Director, paTe: 28 May 2015
a: Office for Operations and Corporate Services,
United Nations Environment Programme

REFERENCE: IAD:GEN (004/2015)

rrom: Agness Chilinda, Chief, Nairobi Audit Section
pe: Internal Audit Division, OIOS

susiecT: Status of oversight recommendations for the OzonAction Branch

OBJET:

1. Reference is made to your request for a confirmation of the status of the oversight
recommendations for the OzonAction Branch.

2. Please be informed that as at 28 May 2015, all recommendations for the OzonAction
Branch were closed in the OIOS database.

3. Should you require any further clarification, please do not hesitate to contact us.

4. Thank you

cc: Mr. Gurpur Kumar, Deputy Director, Internal Audit Division, OIOS

Form AUD-1.9 (18 February 2014)
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