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N,O Emission Reduction in Paulinia, SP, Brazil
Version number of the document : 3

Date : July, 20™ 2005

Adipic acid (C¢H100O4) is a white crystalline solid used primarily as the main constituent of nylon (nylon-
6/6), representing about half of the nylon molecule. It is also used in the manufacture of some low-
temperature synthetic lubricants, synthetic fibers, coatings, plastics, polyurethane resins, and plasticizers,
and to give some imitation food products a tangy flavor.

Adipic acid is a dicarboxylic acid manufactured by a two-stage process. The first stage of manufacturing
usually involves the oxidation of cyclohexane to form a cyclohexanone / cyclohexanol mixture (called
KA oil). Another route for this first stage involves the hydrogenation of phenol to form cyclohexanol.
The second stage involves oxidizing either cyclohexanol or the mixture cyclohexanone / cyclohexanol
with nitric acid to produce adipic acid. Nitrous oxide (N,O) is generated as a by-product of the nitric acid
oxidation stage and is emitted in the waste gas stream.

Rhodia has a plant at PAULINIA, state of Sdo Paulo, Brazil, that manufactures both the first and the
second stages of the adipic acid production. Phenol is manufactured by peroxydation of cumene. Part of
the phenol produced is hydrogenated to form cyclohexanol, the rest is used to make other products, like
bisphenol-A and salicylic acid, or is sold to the market. Cumene and hydrogen, the raw materials for this
first stage, come from existing supply contracts. Depending on the availability of KA oil or
cyclohexanone on the market, these products may be utilized mixed with cyclohexanol to form adipic
acid. At the Paulinia site adipic acid is produced under both a dry solid and a slurry form. The solid is
used to supply outside customers or for warehouse storage whereas the slurry is captively used to react
with HMDA and form Nylon Salt.

The waste gas stream from the adipic acid unit goes through a treatment process to recover the nitrogen
oxides (NOx). Nitrous oxide remains unchanged through that treatment and is released with the off gases
to the atmosphere. The emissions from the plant meet the current Brazilian regulation.

The project activity consists of the installation of a dedicated facility to convert at high temperature the
nitrous oxide into nitrogen.based on the process of thermal decomposition. A boiler which generates
steam with the high temperature flue gas coming from the thermal oxidizer will also be installed.

The installation of the decomposition facility will enable Rhodia Poliamida e Especialidades Ltda. to
reduce N,O emissions (GHG emissions), which would in the absence of the project activity have been
vented to the atmosphere. The installation of the decomposition facility will not only make Rhodia
Poliamida e Especialidades Ltda. contribute to sustainable development by restricting the release of
GHGs but will also give economic and technical benefits to the country by providing direct and indirect
employment and transfer of thermal decomposition technology to the country.
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Figure 1: Nylon Salt and Adipic Acid production route in Paulinia, Brazil
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A.3.  Project participants:
Table 1: Project participants
Kindly indicate if
the Party involved
Name of Party involved (*) Private a.mdlor p}ll.)hc entity(ies) w1sl.1es to be
- Project participants (*) considered as
((host) indicates a host Party) . .
(as applicable) project
participant
(Yes/No)
Brazil e  Private entity : Rhodia Energy Brazil No
France e  Private entity : Rhodia Energy SAS No
e  Private entity : Rhodia Energy GHG SAS
Japan e  Private entity : Rhodia Japan Ltd No
(*) In accordance with the CDM modalities and procedures, at the time of making the CDM-PDD public
at the stage of validation, a Party involved may or may not have provided its approval. At the time of
requesting registration, the approval by the Party(ies) involved is required

Brazil has ratified the Kyoto Protocol on 23/08/02
e France has ratified the Kyoto Protocol on 31/05/02
e Japan has ratified the Kyoto Protocol on 04/06/02
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The Federative Republic of Brazil

A4.1.2. Region/State/Province etc.: ‘

State of S0 Paulo

A.4.1.3. City/Town/Community etc: ‘
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Figure 2: Location map of Paulinia
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A. 4 1.4. Detail of physical location, including information allowing the

The area surrounding the town of Paulinia is largely industrialized comprising the biggest oil refinery in
Brazil and many chemical, fertilizer, textile, pharmaceutical, electronic and automobile industries.
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This project belongs to Category 5: Chemical Industry listed in the Sectoral Scopes for accreditation of
the operational entities.

The project activity consists of the installation of a thermal decomposition plant for the N,O emissions
from adipic acid production. The adipic acid production plant at Paulinia was constructed in 1965 with an
initial capacity of about 30,000 tonnes per year. That capacity was increased in several incremental
projects along the time reaching 65000 tons per year in 1996 and 85000 tons per year in 2001.

At the end of 2004, the maximum adipic acid production capacity is 260 tons per day. This value
multiplied by 365 days per year gives the so-called nameplate capacity of 94,900 tons per year, which
represents the maximum yearly production currently achievable.

The main reaction in the adipic acid plant is:
Cyclohexanol + Cyclohexanone + HNO; ===> Adipic acid + N,O + N, +H,O
In the adipic acid manufacturing process (see Fig. 3) N,O is inevitably generated as a by-product. The
process typically produces N,O quantities at levels of 0.3 kg per kg of adipic acid'.. There is no Brazilian
governmental regulation which restricts N,O emissions. Consequently, N,O has historically been emitted

to the atmosphere as there is no economic incentive to prevent its release.

Figure 4: Adipic Acid Production Process
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Several technologies® have been used or considered by the adipic acid manufacturers to decompose the
N,O contained in the off gases of adipic acid facilities:

e Thermal destruction

e (Catalytic destruction

e Recycle to nitric acid

"IPCC - Calculating N,O Emissions from the Production of Adipic Acid — Guide to calculation worksheets
(October 2001)

2 EPA — November 2001 — Draft 1 — “U.S. Adipic Acid and Nitric Acid N,O Emissions 1990-2020: Inventories,
Projections and Opportunities for Reductions”
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e Feedstock for phenol manufacture

After thorough evaluation the last three processes have been eliminated for the reduction of N,O emission
project at Paulinia:
e The use as a feedstock for phenol manufacture is not a proven technology and there
is no plant in operation
e The recycle to nitric acid processes is difficult to integrate into the existing facility,
have an impact on operation of the existing adipic acid plant, require much larger
investment and have no economic pay-back.
e The catalytic destruction requires higher operational costs and requires a treatment of
the used catalyst. The decomposition rate is also slightly lower over time than with
the thermal process.

In the proposed project activity, N,O engaged into the decomposition facility shown in figure 4 is
decomposed almost completely (> 99%), using a thermal destruction process. The decomposition facility
has sufficient capacity to deal with N,O generation rates at the maximum production rate of the existing
adipic acid plant. Several plants using thermal destruction are in operation in the world. The technology is
sound and proven.

Figure 5: N,O Decomposing Operation
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Decomposition process description

Reduction of N,O in the thermal oxidizer

Natural gas is fed with the off gas adipic acid production containing N,O and some air in a first reduction
chamber, where it burns (oxidizes) to carbon dioxide CO, and water vapor. N,O is used as an oxidizer.

CHs+4N,0 = CO,+2H,0+4N,
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The temperature in the furnace is kept at about 1300°C and under fuel rich conditions, so as to promote
the complete decomposition of N,O while minimizing the formation of unwanted combustion by-products
such as NO and NO,.

The gas is then quenched with air to complete the combustion of natural gas at a temperature of about
950°C in a second chamber.

Heat recovery-

The flue gas coming from the thermal oxidizer is used to produce superheated steam, which will be fed
into the existing on-site steam network.

DeNOx catalyst.

The staged combustion has a high efficiency of avoiding NO, formation, however if an emission
threshold of 200 ppm cannot be achieved permanently with the varying waste gas quality, a DeNOx
system will be installed downstream from the heat recovery boiler. This point will be decided later in the
engineering project, after the technology supplier is chosen. The position chosen for the DeNOx system
is after the boiler since the temperature at the boiler outlet is the operating temperature of the catalyst and
therefore no further adjustments would have to be made.

Should a DeNOx system be necessary to respect the NOx emission limit, the technology to be used for
such system will be the SCR-process (Selective Catalytic Reduction). In the SCR-process the NOx-
concentration is reduced below the required emission limit by the addition of ammonia-water solution
into the flue gas. The correct amount of ammonia water is calculated based on the NOx-value at the inlet,
the NOx-value in the clean gas and the flue gas mass-flow.

Stack:

The flue gas is released out to a stack.

A.4.4. Brief explanation of how the anthropogenic emissions of anthropogenic greenhouse

account national and/or sectoral policies and circumstances:

Under business-as-usual conditions the proposed decomposition facilities would not be installed for the
following reasons:

(1) At present there are no quantified governmental effluent controls or obligations to reduce
emission of N,O in Brazil, as N,O does not have any negative effects on the local
environment. (As far as we are aware, there are no quantitative limits for N,O emissions in
any non-Annex [ countries). It is unlikely that any such limits on emissions would be
imposed in the near future. In fact, given the cost and complexity of suitable abatement
technologies, it is unlikely that a quantitative limit would be introduced until a country
takes on a limitation/reduction commitment under the Kyoto Protocol. However, the
baseline methodology applied continuously monitors whether a regulation on N,O
emissions will be introduced and adjusts the baseline immediately if this is the case.
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(2) Installation of the N,O decomposition facilities requires significant investment without
additional economic benefits. The N,O flow contains impurities and has variable
concentration that would imply complex purification and concentration units in order to
produce potentially marketable N,O. The feasibility of using the adipic acid off gas
containing N,O as a feedstock for the petrochemical industry has not been demonstrated.
Thus, there are no commercial incentives for Rhodia Poliamida e Especialidades Ltda. to set
up any decomposition facilities at present and in the future, as long as domestic regulation
governing emission limits does not exist. Unless there is a regulation, the baseline
determined by economically rational behavior is thus continuation of N,O emissions.

Thus, under business-as-usual all N,O generated by the adipic acid production would be emitted to the
atmosphere during the foreseeable future. The net emissions of GHGs from the Paulinia adipic acid
facility will therefore be reduced by this decomposition process.

The project activity will further reduce GHG emissions because the project activity will produce steam
that will partially offset steam generation in existing boilers on the premises of Rhodia Poliamida e
Especialidades Ltda.

There are certain GHG emissions due to the project activity inside and outside of the project boundary.
Inside the project boundary GHG emissions occur because:

- the decomposition facility will not be capable of decomposing 100% of the incoming N,O

- the decomposition facility will cause CO, emissions from natural gas burning.

Outside the project boundary GHG emissions occur because:

- the decomposition facility requires a steady supply of steam that will be delivered by the existing boilers
at the plant.

- the decomposition facility consumes electricity from the Brazilian grid. The Brazilian electricity is
partly generated by thermal power plants which cause CO, emissions.

A.44.1. Estimated amount of emission reductions over the chosen crediting

The project activity is estimated to reduce GHG emissions annually by 5.96 Mt CO,e”. For the first
crediting period (7 years) this translates to 41,7 Mt CO,e*. After renewal of the crediting period for twice
7 years, the project activity is estimated to reduce GHG emissions by 125,1 Mt CO,e * in the whole 21
year period.

Table 2: Emission reductions over the (first) crediting period

Annual estimation of emission reductions
Years .
in tonnes of CO,e
Year 2007 5,961,165
Year 2008 5,961,165
Year 2009 5,961,165
Year 2010 5,961,165
Year 2011 5,961,165

? The nameplate capacity of 94,900 tons per year gives 6.65 Mt CO,e with the same hypotheses.
* The nameplate capacity of 94,900 tons per year gives 46.6 Mt CO,e with the same hypotheses.
* The nameplate capacity of 94,900 tons per year gives 139.7 Mt CO,e with the same hypotheses.
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Year 2012 5,961,165
Year 2013 5,961,165
Total estimated reductions (tons of CO,e) 41,728,155
Total number of crediting years 7

Annual average over the crediting period of estimated | 5,961,165
reductions (tons of CO,e)

Baseline Methodology for decomposition of N,O from existing adipic acid production plants (AM0021)

B.1.1. Justification of the choice of the methodology and why it is applicable to the project

The currently operated adipic acid plant has not installed any N,O abatement technology. The project
activity consists of the installation of a dedicated decomposition facility to convert the nitrous oxide into
nitrogen, and thereby prevent its release to the atmosphere.

This project meets the applicability criteria of AMO0021 as:

* The project will use a thermal process for the decomposition of the N,O by-product of adipic acid
production at the existing production plant at Paulinia

* The data related to baseline emissions exist at Paulinia to undertake the assessments. Those
related to the project activity as well will be available during the monitoring of this project.

* The plant exists in Paulinia since 1965 and has undergone several extensions with its current
nameplate capacity established in 2001.

* There is no regulation that requires abatement of N,O in Brazil.

» Without the CDM there is no economic incentive to install the N,O decomposition facility.

B.2.  Description of how the methodology is applied in the context of the project activity: H

Baseline emissions consist of the N,O emissions that would be released without the implementation of the
project activity and the CO, emissions that would be released due to on-site fossil fuel burning for steam
production in the case the project activity would not be implemented.

The annual quantity of N,O (Q_ N,O) emitted in the baseline scenario will be calculated every year ex-
post.

Q_N,O is the N,O emission factor per tonne adipic acid production (N20 / AdOH) times the total
amount of adipic acid produced annually (P_ AdOH). P_ AdOH will be measured during project activity
operation. N20_/ AdOH will not be measured directly but will be calculated using the following formula:
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N,O / AdOH = HNO;_chemical /P AdOH /63 /2 x 0.96 x 44

HNO;_chemical is the “chemical consumption” of nitric acid in the process and will be calculated during
operation of the project activity.
N20O_/ AdOH will be capped at 0.27 t N,O/t adipic acid as specified in AM0021.

To date, there is no legislation in Brazil that restricts N,O emissions. Ex post, it will be checked whether
new regulations concerning N,O abatement have been introduced in Brazil and the baseline will be
adjusted accordingly without delay.

If a new regulation concerning N,O emissions is introduced or an existing regulation is changed during
the crediting period, the possible impact on the calculation of baseline emissions will be considered
without delay by adjusting the baseline N,O decomposition rate.

The annual quantity of CO, emitted in the baseline scenario will be calculated every year ex-post.

It is the annual quantity (Q_Steam_p) of steam generated by the decomposition process times the CO,
emission factor (E_Steam) of steam generated. Q_Steam_p will be measured during project activity
operation. E_Steam will be calculated using data from the on-site steam generators.

Table 3: Parameters to be monitored for calculation of baseline emissions:

ID Data variable Source of data Data unit | Recording
frequency
P _AdOH Amount of adipic Excel workbook for | t Monthly
acid production calculation of total
slurry production,
dry adipic acid
production and
nylon salt
production
Nitric acid All data required for | Excel workbook t Monthly
consumption calculation of HNO; | based on the raw
(HNO3_consumption) | chemical® material
& physical losses in consumption, DCS
the adipic acid data and Lab data
production process
(HNO;_physical)
Q NyO reg Per Brazilian Brazilian regulation | kg/a’ Date when
regulation allowed relevant
N,O emissions legislation is
in place

8 AMO0021 requires calculation of N;O AdOH from the “chemical” consumption of nitric acid. The chemical
consumption of nitric acid can be established from the “physical” nitric acid losses. Hence, the physical losses in the
adipic acid production process need to be measured.

7 AMO0021 requires monitoring of Q N,O reg in the unit [kg]. In the Monitoring Plan (Annex 4), Q N,O reg will be
measured in the unit [kg/a] as it can be assumed that the latter unit is more likely to be chosen by Brazilian
authorities upon implementation of such legislation.

? AMO0021 requires calculation of E_Steam. However, a concrete methodology for calculation has not been
specified. The procedure for calculation of E_Steam is provided in the Monitoring Plan (Annex 4), so is the required
data for calculation of E_Steam.
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N,O reg/AdOH Per Brazilian Brazilian regulation | kg/kg Date when
regulation allowed relevant
N,O emissions per legislation is
kg of adipic acid in place
produced

Iy Per Brazilian Brazilian regulation | % Date when
regulation required relevant
share of N,O legislation is
emissions to be in place
destroyed

P N,O Market price of N,O | Estimated €/t Yearly

Q_Steam p Amount of steam Steam meter kg Monthly
produced by the
decomposition
process

Steam supplier data All data required for | Rhodia Industrial - Yearly
annual calculation of | Platform of
E Steam” Paulinia

veeee A
~

B.3.  Description of how the anthropogenic emissions of GHG by sources are reduced below

The project’s additionality is determined by utilization of the additionality test contained in AM0021

which is based on the “tool for the demonstration and assessment of additionality” (EB 16).

The additionality test consists in confirming and providing evidence to support each of the following

three conditions:

- Condition 1: There is currently no existing regulation that will require, as of the beginning of the

crediting period, that facilities must undertake N,O abatement
- Condition 2: The project activity is not common practice in relevant sector and region.

- Condition 3: The project activity would not be commercially viable even taking into account the

market value of any by-products of the decomposition plant.

The additionality test will be repeated for each credit period renewal.

Condition 1:

The project activity satisfies condition 1 as currently the host country has no regulation requiring
limitation of emissions of N,O as of the beginning of the crediting period.

Condition 2:

The project activity satisfies condition 2. There is no other adipic acid production plant in South America.
In Non-Annex I countries in total operate four other adipic acid production plants, two of which are
situated in China, one in South Korea and one in Singapore’.
The plant in Singapore which has been constructed in 1997 and is still operated by Invista (previously
DuPont) abates the N,O emissions resulting from the adipic acid production'. Invista set its first climate-

? Chemical Week (2003): Adipic acid, April 23. Vol.165. Iss. 15.
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related target for its worldwide operation in 1991 and set goals for emissions reductions of the unintended
byproducts N,O and HFC-23. Following this rationale Invista retrofitted N,O abatement facilities at its
operations in the US, Canada and the UK. The installation of the N,O abatement facility at Invista’s
Singapore plant also serves to fulfil this voluntary commitment as there is no regulation or economic
incentive for destruction of the N,O in Singapore.

The two Chinese plants do not abate the N,O as otherwise the plant operators would have made such
information publicly available in order to document their social responsibility.

The plant in South Korea is operated by Rhodia Polyamide Co. Ltd and does currently not abate its N,O
emissions. However, the emissions are proposed to be abated in the context of a CDM project. The
relevant proposed CDM project is in the validation stage since 10™ of June 2005.

Condition 3:

The project activity satisfies condition 3. This is documented in the following by applying a benchmark
analysis (Option III of the additionality test in AM0021) . A simple cost analysis cannot be applied as the
project activity produces other economic benefits than CDM related income.

A net present value (NPV) of zero has been chosen to be the relevant financial indicator for the project
activity. The NPV is the difference between the sum of the discounted cash flows which are expected
from the investment and the amount which is initially invested. This financial indicator is used by most
companies including Rhodia group, to assess the economical value of a project. Unless there is a
regulatory constraint, projects are required to have a positive NPV with the discount rate defined by the
company’s management. Otherwise, they are ruled out. Then, projects are ranked and those with the
highest NPVs are selected.

As there is no alternative investment to the project activity that would generate similar services, the NPV is
calculated in the following only for the project activity. If the NPV is lower or equals zero the proposed
project activity is additional.

The following table shows the net present values (NPV) of the investment in the decomposition facility'",
considering discount rates of 0%,5%,10% and 15%.

Table 4: Net present values (NPV) of the investment in the decomposition facility depending on different
discount rates

Discount rate 0% 5% 10% 15%

NPV (€) -5,568,000 -6,656,290 -7,098,638 -7,311,491

The following costs have been taken into account:

¢ Installation costs: Rhodia Poliamida e Especialidades Ltda. received offers for installation of the
decomposition facility from four vendors. Among those vendors Rhodia selected only two based on
their technical and successful industrial experience with similar N2O destruction units. Out of those
two, the lowest cost proposal was used for the investment analysis and led to a minimum installation

" McFarland, M. (2002): The role of the corporate sector in S&T capacity building for climate change: developing
a sustainable growth attitude. Presentation held in New Delhi.

"' Due to reasons of confidentiality, some detailed data used for calculation of the NPV cannot be made publicly
available in this PDD because those data are vendors or suppliers property. However, it will be described in the
following which procedures and assumptions have been used by Rhodia and all economical values relevant for the
NPV calculation will be displayed, sometimes without all the details. All necessary data for calculation of the NPV
not revealed in this document have been revealed to the DOE in a second version of this PDD.
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cost of 7,800,000 €. The installation cost is the sum of costs for equipment, construction works,
engineering studies and supervision.

¢ Annual operational costs from gas consumption: the annual gas consumption is based on estimates
from data available today from the Technology Package Supplier. Prices for gas are verifiable
average prices paid by Rhodia Poliamida e Especialidades Ltda. in 2004'*. Consumption efficiencies
are vendors’ proprietary data and cannot be made publicly available. Similarly, prices for gas are
suppliers’ proprietary data. However, operational costs for gas are given globally and amount to
1,085,600 € per year

e Annual operational costs from electricity consumption: Currently, one third of the electricity
consumed at Rhodia Poliamida e Especialidades Ltda. is generated on-site (see below), two thirds are
supplied by an external electricity supplier. For reasons of simplicity and conservativeness it is
assumed that annual operational costs due to electricity consumption is zero.

¢ Annual operational costs from steam consumption: all steam consumed by the decomposition facility
will be supplied by Rhodia Industrial Platform of Paulinia. The platform is owned by Rhodia
Poliamida e Especialidades Ltda. and incorporates a number of different steam generators (for more
detailed information, see below). These generators feed the on-site steam network to which the
decomposition facility will be connected. The on-site steam network is closed : it is not connected to
a third party steam network or steam generation source. For reasons of simplicity and
conservativeness it is assumed that annual operational costs due to steam consumption is zero.

e Estimated annual fixed costs : 312,000€ per year, mainly for maintenance.

Financing costs have not been taken into account.

The following revenues have been taken into account:

As the by-products N,, NO,, H,O and O, from the decomposition facility are not marketable, the only
revenue results from the costs of steam generation avoided by sources that would have otherwise
contributed to the steam supply at Rhodia Poliamida e Especialidades Ltda. if the decomposition facility
were not to be implemented.

In the following those steam sources are identified and their steam generation costs given.

Five steam generators are currently connected to the on-site steam network at Rhodia Poliamida e
Especialidades Ltda.. The network contains pressure levels of 90, 40 and 6.5 bar. During expansion to
lower pressure levels part of the mechanical energy is utilised for electricity generation. In 2004, the main
turbine expanded 99 t of steam per hour to lower pressure levels (44 t/h to 40 bar and 55 t/h to 6.5 bar). In
2004, two small back-up turbines expanded steam from 40 bar to 6.5 bar when the main turbine was not
working (e.g. due to overhauls). The back-up turbines in sum expanded 34,188 t of steam in 2004 - this is
only 1.4% of all steam produced at Paulinia in 2004 (see table below).

The steam inlet of the decomposition facility will be connected to the network at 6.5 bar pressure level -
the steam outlet at 40 bar. Considering the negligible amount of 40 bar steam used for electricity
generation, it is valid to assume that the steam produced by the decomposition facility will not offset
steam produced for the purpose of electricity generation but steam produced for direct utilisation in on-
site processes.

The following table shows total historic steam production for each boiler for 2003, 2004, the 165 first
days of production in 2005 and the forecasted production for 2005. The table also shows the nominal and

12 Prices are given in Real (BRL) or US$ per unit. Prices or costs have been converted in € with the conversion rate
1€ = 1,25 US$ or 1€ = 3,75 BRL (Base: March, 2005 - internal rates used by Rhodia for investment analysis).
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maximum real production capacity of each boiler, the kind of fuel burned and the pressure level the boiler
is connected to.

Table 5: Characteristics and steam iroduction of boilers at Rhodia Industrial Platform of Paulinia

Byproducts Byproducts

Natural gas Natural gas  Heavy fuel oil & heay fuel & heavy
Fuel oil fuel oil
Pressure 90 kgf/cm? 90 kgf/cm? 40 kgf/cm? 40 kgf/cm? 40 kgf/cm?
It ety I 125 150 55 20
(ton / h)
Maximum real
capacity (ton / b) 118 120 140 50 17 445
N 26,992 791,665 669,059 155,552 38,555 2,281,823
2003 ( ton)
R 501,732 878,007 526,554 171,323 21,269 2,398,885
2004 ( ton)
Forecasted
Production 2005 810,000 890,000 670,000 210,000 19,000 2,599,000
(ton)

In 2002, steam consumption was forecasted to grow considerably at Rhodia Poliamida e Especialidades
Ltda. due to the business plan growth for several different industrial facilities located in this site.
Therefore, the plant management decided to convert all oil-fired boilers to natural gas in order to increase
both boiler availability and operational efficiency. Natural gas has been chosen because it offered steam
generation at least cost compared to heavy fuel oil which was the only alternative available in Paulinia.
That is why the boilers VU60A and VU60B have been converted to natural gas in Q1 and Q2 2003. They
were formerly run on heavy fuel oil. Production capacity has not been increased.

The generation costs of steam using natural gas and fuel oil have been once again compared in November
2004 and are documented in CONCALD II Investment Dossier. Natural gas was the least-cost option with
steam variable generation costs of 10,7 EUR/t for 6,5 bars steam, which converts to 11,5 EUR/t for 40
bars steam. For this reason it has been decided that the last boiler currently running on heavy fuel will be
converted to natural gas in Q1 2006. Production capacity of the boiler will not be increased.
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Figure 6: Forecast of steam demand and steam production at Rhodia Industrial Platform of Paulinia from
December 2005 to December 2009

Steam demand forecast
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The graph and table above show the forecasted steam demand from 2006 until 2009 as calculated in
January, 2005 by the Industrial Platform, based on the businesses information’.

It can be seen that the maximum steam production capacity remains constant and that the capacity
utilization is expected to increase, approaching almost saturation by 2007.

Hence, it is valid to assume that the steam produced by the decomposition facility until 2009 will replace
part of the steam generation of the natural gas steam production capacity with variable generation costs of
11,5 EUR/t steam 40 bars. The steam produced by the decomposition facility will not replace steam
generation of the boilers VUS55 and BW that burn the chemical by-products and fuel oils. The chemical
by-products have an net calorific value (NCV) of around 8,500 kcal/kg and the costs of this fuel are zero
and hence variable steam generation costs when burning the by-products with 1.7 EUR/t (water and
electricity consumption) is much lower than for the natural gas boilers. Fuel oil is burned in VUS55 and
BW during shut-down periods of the boilers burning natural gas. As the proposed production capacity of
9-15 t/h"* of the decomposition facility is limited the facility may only offset small amounts of fuel oil
burned in VUS55 and BW during shut-down of the other boilers, if any.

If the steam consumption after 2009 should exceed the current production capacity, it is valid to assume
that for the economic reasons outlined above and because the proposed production capacity of 9-15 t/h"®
of the decomposition facility is limited, a new gas fired boiler would be installed. In this event the steam
generated by the decomposition facility would offset steam generation from the four natural gas boilers.

¥ Steam demand forecast is consolidated annually by the Industrial Platform. The consolidated document can be
verified by the DOE.

!4 Range of production capacity of the decomposition facility contained in the offers of the four vendors.

15 Range of production capacity of the decomposition facility contained in the offers of the four vendors.
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Therefore, the natural gas-based variable generation costs of 11,5 EUR/t steam 40 bars represent the costs
of steam generation avoided by sources that would have otherwise contributed to the steam supply at
Rhodia Poliamida e Especialidades Ltda. if the decomposition facility were not to be implemented.

The annual amount of steam generated by the decomposition facility is based on estimates from data
available today from the Technology Package supplier. Taking into account the costs of steam generation
avoided given above the total revenue from steam generation is 1,472,000€ per year.

It has been assumed that the facility operates 30 years.

It can be seen that there is no economic incentive for Rhodia Poliamida e Especialidades Ltda. to install
the decomposition facility since the NPV value is negative at all discount rates. In other words, it is

impossible to recover even a small part of the initial investment.

As the project activity satisfies all three conditions, it is additional.

The project boundary is defined as the adipic acid facility and the facility to decompose the N,O in the
baseline methodology as shown in the following figure.

Figure 7: Project boundaries
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Date of completing the final draft of this baseline section (DD/MM/YYYY):
31/08/2005

Baseline has been determined by

Jodo Luiz Alves da Costa / Rhodia Poliamida e Especialidades Ltda.
Tel.: +55 19 38 74 87 55

Email: joaoluiz.costa@br.rhodia.com

Philippe Kehren / Rhodia Energy

Tel: +33 153 56 61 04

Email: philippe.kehren@eu.rhodia.com

and Patrick Rossiny / Rhodia Group / Recherches & Technologies
Tel: +33 4 72 89 62 70

Email: Patrick.rossiny@eu.rhodia.com

and

with the expertise of Axel Michaelowa and Matthias Krey from Perspectives Climate Change /
Hamburg / Germany

| C.2.1. Renewable crediting period ‘

| C.2.1.1. Starting date of the first crediting period: ‘

01/01/2007

| C.2.1.2. Length of the first crediting period: ‘
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7 years

| C.2.2.1. Starting date: ‘

| C.2.2.2. Length: |

Monitoring Methodology for decomposition of N,O from existing adipic acid production plants
(AMO0021)

D.2.  Justification of the choice of the methodology and why it is applicable to the project

As shown in B1.1. the approved baseline methodology AM0021 is applicable to the project activity as the
project activity meets the applicability conditions of AM0021. The approved monitoring methodology
AMO0021 shall be used in conjunction with the approved baseline methodology AM0021 and hence is
applicable to the project activity.
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D.2. 1. Option 1: Monitoring of the emissions in the project scenario and the baseline scenario
D.2.1.1. Data to be collected in order to monitor emissions from the project activity, and how this data will be archived:
ID number Data Source of Data Measured (m), | Recording | Proportion | How will the Comment
(Please use | variable | data unit calculated (c) Frequency | of datato | data be
numbers to or estimated (e) be archived?
ease cross- monitored | (electronic/
referencing paper)
to D.3)
2a.l. Effluent | Flow meter | Nm’/h | Measured Monthly 100% Electronic Averaging Pitot tube technology
0 GE gas continuously
2a.2. N,Oin | Infra—Red | ppm Measured Monthly 100% Electronic For calculation of N,O, the concentration will be
N,O _GE gaseous | online continuously transformed in kg/Nm’.
effluent | analyzer'®
2a.3. N>O in kg- Calculated Monthly 100% Electronic
ND_ N0 gaseous N,O from Q_GE and
effluent N,O GE
2a.4. Natural | Natural gas | Nm® Measured Monthly 100% Electronic Measured using a natural gas meter. The meter provides
0 NG Gas flow meter values in Nm’; as necessary for the application of the
burning baseline methodology; they can also be converted into kg
to fulfil the requirements of the monitoring methodology
AM 0021.
2a.5. E NG | CO; kg- Calculated Monthly 100% Electronic According to baseline methodology AM 0021, the
from COy/N | from Q NG emission factor per Nm’® has to be used while monitoring
natural m3 methodology AM 0021 requires to monitor total CO,
gas emissions from natural gas burning (CO, NG) in kg
burning CO,. We follow the baseline methodology; CO, NG can
easily be calculated by multiplying E-NG by Q_NG. The
natural gas composition necessary to calculate E NG
will be supplied by COMGAS..
2a.6. Connec | Position % of Measured Monthly 100% Electronic The % of the time the position switches are in the right

16 Gas chromatography (GC) mentioned in the methodology is accurate with low concentration of CO; in the gas. With a thermal decomposition process, the concentration of CO, in the flue
gas is in the 10 to 15% range. Commercially available Infra Red (IR) technology is more robust and easier to maintain than GC. With IR, CO, interference increases the measured value of N,O,
as some CO, is measured as N,O (at 15% CO, concentration, N,O is overestimated in the order of 50 ppm). This leads to a conservative value.
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% _on-line ting switches on | produc | continuously position will be calculated automatically by the Data
valve bypass tion Control System.
open valves time
2a.7. Adipic | Nameplate | kg Manufacturer’s | Once at 100% Electronic
Nameplate acid capacity specifications time of
capacity product submissio
ion n of PDD
2a.8. N>O by- kg Calculated Monthly 100% Electronic O N,O is item 2b.2. used to monitor the baseline of
0O N,O _ passing from Q_ N>O anthropogenic emissions.
by-pass the and % _on-line
decomp
osition
facility

D.2.1.2. Description of formulae used to estimate project emissions (for each gas, source, formulae/algorithm, emissions units of CO,
equ.)

The emissions due to project activity in a year y (PEy) are the emissions due to the by-pass of the decomposition facility (Q_ N,O _by-pass), the emissions of
N,O not decomposed in the decomposition facility (ND__N,Oy) and the emissions due to the natural gas use.

PE, = Q_N,O_by-pass y, x GWP_N,O + ND_N,Oy x GWP_ N,0 +Q_NG, x E_NG;
Where:
The quantity of N,O by-passing the decomposition facility is obtained by constantly monitoring if the N,O waste gas feeds the decomposition facility:
Q _N,O by-pass =(Q _N,O x (1 - %_on-line))
Q N,O_by-pass = (P_AdOH x N,O / AdOH x (1 - %_on-line))"’
% _on-line will be determined by the time of opening of the valve of the feed line (which is a measure of the abatement system usage factor) with
the by-pass valve being closed. Where more than one flow is connected to the decomposition facility, during transition phases when one of the

connecting valves is not opened or one of the bypass valves is not closed, as a conservative approach the time of connection will be counted as zero.

GWP_ N,O is the global warming potential of N,O, set at 310 according to Kyoto Protocol rules (Decision 2/CP.3).

'7See D2.1.3 . for the description of the formula Q N,O =P_AdOH x N,0 / AdOH.
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The quantity of N,O not destroyed (ND_N,O,) is obtained by constantly monitoring the flow (Q_GE) and the concentration (N,O _GE) of the gaseous
effluent of the decomposition process
ND N,O0=Q GE xN,0 GE

The quantity of natural gas used by the destruction process is Q_NGy (in standard cubic meters).
E NGy is the emissions coefficient for natural gas combustion measured in tonnes CO, equivalent per standard cubic meter of natural gas . It can be
simply calculated from the natural gas composition supplied by the natural gas supplier (see section E1 for an example with a typical natural gas
composition):

E_NG, =1.965x 107 [t COo/N m3] x (average number of carbon in a mole of NG)

The amount of project emissions in the project boundary PEy in a year y can therefore be expressed as:

PE, = ((Q N,O x (1 - % on-line)) , + (Q GE x N;O GE ),)x GWP_N,0 + Q NG, x E NG,

boundary and how such data will be collected and archived :

ID number Data Source of Data Measured (m), | Recording | Proportion | How will the data be Comment
(Please use | variable data unit calculated (c), frequency | of datato archived? (electronic/
numbers to estimated (e), be paper)
ease cross- monitored
referencing
to table
D.3)
2b.1. Adipic Production | tonne Measured Monthly 100% Electronic The production of adipic acid is validated by
P _AdOH acid AdOH the Adipic Acid Plant Manager.
product
ion
2b.2. Quantit | Production | kg-N20O | Calculated by Monthly 100% Electronic N,O _/ AdOH is calculated annually and is
0 N, O yof multiplying capped by a value of KE N20 = 0.27 to be
N>,O P _AdOH by consistent with the baseline methodology AM
produce N,O /AdOH 0021 (the value of 0.3 specified in the
d monitoring methodology AMO00 21 seems to be
a reformatting error).
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2b.3. Allowed | Brazilian | kg Calculated At date of | 100% Electronic Depends on regulation
QO N,Oreg | N2O regulation introducti

emissio on or

ns change of

regulation

2b.4. Allowed | Brazilian | kg Calculated At date of | 100% Electronic Depends on regulation
N,O N,O regulation introducti
reg/AdOH | emissio on or

ns/ kg change of

of regulation

adipic

acid

produce

d
2b.5. Share Brazilian | % Calculated At date of | 100% Electronic Depends on regulation
ry of N,O regulation introducti

emissio on or

ns change of

require regulation

d to be

destroy

ed
2b.6. Market €t Estimated Yearly 100% Electronic Level at factory gate
P N,O price of

NzO
2b.7. Steam Steam flow | kg- Measured Monthly 100% Electronic
Q Steam_p | product meter steam

ion by

the

decomp

osition

process
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2b.8. co, Excel kg-CO; | Calculated Yearly 100% Electronic Calculated by Rhodia Paulinia Industrial
E Steam intensit worksheet | / kg- Platform

y for Steam

steam"®
2b.9. Co, kg- Calculated Yearly 100% Electronic Calculated using Q _Steam_p, and E_Steam.
CO, Steam | emissio steam
p ns from

steam

produce

d

D.2.1.4. Description of formulae used to estimate baseline emissions (for each gas, source, formulae/algorithm, emissions units of CO,
equ.)

Baseline emissions of year y (measured in t CO; eq.) are given by
BE, = Q_N,O, x GWP_N,0O + Q_Steam_p, X E_Steam,

Where:
Q_N,0y is the quantity of N,O emitted during the year y
GWP_N,O0 is the global warming potential of N,O
Q_Steam_py is steam generated by the decomposition process during the year y
E_Steam, is the CO, emission factor of steam generation during the year y

GWP_N,O is set at 310 according to Kyoto Protocol rules.
The quantity of N,O emitted is Q_ N,O,, and is calculated as the actual emissions rate during the year y times the total amount of adipic acid produced
Q_N20y = (P_AdOH x N,0 _/ AdOH),

Where:
P_AdOH is the total amount of adipic acid produced

'8 This CO2 intensity is related to the steam produced by the existing boilers at the Rhodia Paulinia site and that will be produced by the project.
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N,O / AdOH (t N,O /t adipic acid) is the actual emissions rate capped by the lowest emission factor KE N,O of 0.27 t N,O per tonne of adipic acid
produced specified by the IPCC Good Practice Guidance.

If a new regulation concerning N,O emissions is introduced or an existing regulation is changed during the crediting period, the possible impact on the
calculation of baseline emissions will be considered without delay by adjusting the baseline N,O decomposition rate. This adjustment is done as follows
depending on the character of the regulation:

- A regulation regarding the absolute quantity of N,O emitted implies
Q_ NyO reg (t N,O) substitutes (P_ AdOH x N,O _/ AdOH),

- A regulation regarding an N,O emissions rate implies
N,O reg/AdOH (t N,O /t adipic acid) substitutes N,O / AdOH

- A regulation regarding the share (ry) of the N,O in the waste stream required to be destroyed implies
N,O / AdOH * (1- ry) substitutes N,O / AdOH

Calculating of N>O emission rate N,O_/ AdOH, in adipic acid production:

The N,O production by the adipic acid plant can be related to the “chemical consumption” of nitric acid, HNO;, in the process.
HNO;_consumption = HNO;_ chemical + HNO;_physical

HNO;_consumption is the total consumption of nitric acid for the production of adipic acid.

Physical losses (HNO;_physical) can be calculated as the losses of nitric acid or its derivatives, and are monitored for environmental and quality purposes.
HNO3_ physical is the summation of the following losses:

» nitrates contained in the aqueous waste (monitored for waste water regulation);

* nitrates in the by-products (glutaric acid, succinic acid) (monitored for quality);

* nitrates in the adipic acid production (monitored for quality control);

* NOx in the reaction off gases (monitored for air regulation)

Physical losses are only in the order of a few percent (2 to 3%) of the total nitric acid consumption with the first two items being of the most important
significance. HNO;_chemical can then be calculated with a good accuracy.

By-products from nitric acid consumption are N,O and N, that are released with the reaction off-gases. For pure cyclohexanol, the ratio of N,O to N, is in the
order of 0.96 to 0.04 per volume thus
N,O / AdOH = HNO;_chemical / P_AdOH /63 /2 x 0.96 x 44
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ID number Data Source of Data Measured (m), | Recording | Proportion | How will the data Comment
(Please use | variable data unit calculated (c), | frequency | of datato be archived?
numbers to estimated (e), be (electronic/
ease cross- monitored paper)
referencing
to table
D.3)
D.2.2.2. Description of formulae used to calculate project emissions (for each gas, source, formulae/algorithm, emissions units of CO,
equ.):

Section is left blank on purpose.

D.2.3.1. If applicable, please describe the data and information that will be collected in order to monitor leakage effects of the project

activity
ID number | Data Source of Data Measured (m), | Recording | Proportion | How will the data | Comment
(Please variable data . calculated (c) frequency | ofdatato | be archived?
unit - .
use or estimated (e) be (electronic/
numbers monitored | paper)
to ease
cross-
referencin
g to table
D.3)
3.1 Electric Power kWh Measured Monthly 100% Electronic
Q Power | consumpti | meter
on by the
decompos
ition
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3.2 co, ONS kg- Calculated Yearly 100% Electronic Calculated according to ACM0002 using latest
E Power | emission (Operador | CO: statistical data on the Brazilian electricity grid that are
factor for | Nacional /kWh provided by ONS (see Annex 7 for details).
the do Sistema
electricity Elétrico)
generatio
n
3.3. CO, co, kg- Calculated Yearly 100% Electronic Calculated using Q_Powery and E_Powery
_Power emissions CO,
from
electricity
generatio
n
3.4. Steam Steam flow | kg- Measured Monthly 100% Electronic A flowmeter will be installed to measure the
Q Steam_ | consumpti | meter steam consumption of steam by the project activity.
c on
3.5. co2 Excel kg- Calculated Yearly 100% Electronic Calculated by Rhodia Paulinia Industrial Platform.
E Steam_ | emission worksheet CO;,
e’ factor of /kg-
steam steam
c