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“Catalytic N,O destruction project in the tail gas of the nitric acid plant PANNA 3 of Enaex S.A.”
Version 2

Date of Completion: 15/04/2007

A.2. Description of the project activity:

General Introduction:

Nitrous oxide (N,O) is an unwanted, invisible and previously neglected by-product of the manufacture of
nitric acid. It is formed alongside the main, desired product nitric oxide (NO) during the catalytic
oxidation of ammonia in air over noble metal gauzes. The production of nitric acid takes place in three

main process steps as indicated by the following reactions:

1. Ammonia (NH;) combustion to form nitric oxide (NO):

Ammonia is reacted with air on noble metal catalyst in the oxidation section of nitric acid plants.

Nitric oxide and water are formed in this process according to the following equation:
4NH;+50, —-4NO+ 6 H,O (main reaction 1)

Simultaneously, nitrous oxide (N,O), nitrogen (N) and water (H,0) are formed as well, in
accordance with the following equations:

4NH;+30, —-2N,+6 H,O (side reaction 1)
4NH; +4 0, — 2N,0+ 6 H,O (side reaction 2)

0y

2
(©))

NO vyield depends mainly on pressure and temperature in the ammonia oxidation process and

usually is in a range of 95% to 97%.

2. NO is oxidised to nitrogen dioxide (NO,):

2NO+0;, —»2NO, (main reaction 2)

3. (According to the technical process) Absorption of NO, in water to form nitric acid (HNO3):

3NO,+H,O — 2 HNO; + NO (main reaction 3)

(NO is oxidised to NO, according to main reaction 2)

(C))

©)
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Nitric acid plants are, in the vast majority of cases, part of a chemical complex and are built and operated
to supply acid for consumption in downstream process units. The most common use for nitric acid is for
fertilisers, with smaller quantities going into the manufacture of organic compounds and mining
explosives.

In the case of PANNA 3, nitric acid is employed as a feed stock to produce ammonium nitrate
(NH4NO3), which is used as a raw material for mining and civil explosives, which are used in the mining
and construction industries. The nitric acid is also used as raw material for other explosives (PETN and
Nitro-glycerine) which are also used in civil and mining explosives.

Enaex as internal police do not sell any explosive that can be used for military purposes, however there
are special corps inside the Military Forces in Chile that perform civil works as demolition, construction
of secondary paths and also destruction of anti personal mines in the north of the country. In case of any
future explosives sell for Military Institution, Enaex will demand a Certificate of Final Use to be
absolutely sure of the use of the required explosive.

On leaving the ammonia oxidation reactor some of the N,O may be destroyed in the part of the plant
upstream of the absorption tower by high temperature homogeneous gas phase decomposition and by
catalytic decomposition on platinum deposits formed from metal lost from the ammonia oxidation
catalyst. Since platinum dust carryover into the tail gas section of the plant is prevented by the absorption
tower, which acts as a very efficient scrubber, and the temperatures encountered in the tail gas section of
the plant are lower than those leading to homogeneous gas phase N,O decomposition there is no relevant
loss of N,O in the tail gas section unless a N,O destruction facility is installed. N,O that has reached the
tail gas section is thus discharged to atmosphere in the tail gas, and has no economic value.

Depending on technical parameters (e.g. tail gas temperature) the project applicant has to decide either to
install a catalytic decomposition process or catalytic reduction process for the proposed project activity.

Description of catalytic decomposition process:

Catalytic decomposition of N,O occurs when the N,O is split into its constituent elements by contact with
a catalyst. A catalyst is a material which accelerates the speed of the reaction without itself being
transformed or consumed by the reaction.

Overall reaction:

2N,0 > 2N, +0, (6)

The products of N,O decomposition are the substances that result from decomposition reaction (N, and
0,).

Description of catalytic reduction process:

Although the term catalytic reduction nowadays has a more general definition in terms of the transfer of
electrons, the following definition is sufficient for present purposes: Catalytic reduction of N,O occurs
when reactions take place between N,O and other substances in contact with a catalyst, such that the
oxygen is removed from the N,O molecule and forms one or more compounds with other species. The
substance or substances that react with N,O to remove oxygen are termed reducing agent. A general
reaction equation for the catalytic reduction of N,O can be given as:
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nN,O +x RA — n N, +y; P(1)Oaty, P(2)Og + ...+ 2 Q(1) + 2, Q(2) + ... @)
where RA is a molecule of the reducing agent, P(1)O4, P(2)Og are the compound formed by reaction with
the oxygen of the N,O and Q(1), Q(2) represents further products of the oxidation reaction, n, X, yi, Y2, Z1,

7, are the appropriate stoichiometric coefficients.

Equations for N,O reduction with hydrocarbons:

e.g.
Reducing agent is methane:
CH;+3N,0—-CO+2H,0+3N, ®)
or
CH4+4N20—)C02+2H20+4N2 (9)
e.g.
Reducing agent is ethane, overall reaction is:
C2H6+5N20—>2CO+3H20+5N2 (10)
or
C2H6+7N20—>2C02+3H20+7N2 (11)
e.g.:
Reducing agent is propane, overall reaction is:
C3Hg+7N20—>3CO+4H20+7N2 (12)
or
C;Hg + 10 N;O — 3 CO, +4 H,O + 10 N, 13)
e.g.
Reducing agent is butane, overall reaction is:
C4H10 +9 Nzo —4CO+5 H20 +9 N2 (14)
or
CsHyjp+ 13 N,0 -4 CO, +5H,0+ 13 N, 15)

The definition does not exclude the possibility of side reactions resulting in consumption of reducing
agent without any reduction of N,O, for example with propane:

2 CsHg+70, — 6 CO+ 8 H,O (16)
or
C3Hg +5 02 —3 C02 +4 H20 (17)

The world’s nitric acid plants represent the single greatest industrial process source of N,O emissions.
Currently, approx. 700 nitric acid plants are operated globally with an estimated amount of N,O
emissions of 400,000 t N,O p.a. (corresponding to 125 Mio t COse p.a.).

In response to this, UHDE GmbH, a leading company in the field of nitric acid technology, has
undertaken the task of developing processes for removing N,O from nitric acid plant tail gas streams
based on the catalytic decomposition or catalytic reduction of N,O. Efforts have been concentrated on
treating the tail gas, as this end-of-pipe approach offers the general advantage, compared with other
possible measures (called primary and secondary measures, see section A.4.3.), that minimum
interference with the nitric acid production process is caused. In particular, any possibility of nitric acid
product contamination, or loss of NO that could otherwise influence nitric acid production, is eliminated.
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Project Specific description:

Principles of the EnviNOx® process at PANNA 3:

In the Prillex América ammonia nitrate complex of Enaex, PANNA 3 operates as a single pressure nitric
acid plant (Nitric Acid Plant: design pressure AOR: 9.85 bar; design temperature AOR: 920 °C,
commissioning date: September 1999).

The EnviNOx® process to be used is based on the catalytic reduction of NO, (NO and NO,) with
ammonia (NH;) and of nitrous oxide (N,O) with a hydrocarbon. The hydrocarbon used will be propane
type HD-5 gas of which the main constituent is propane (CsHg). The reactions take place over an iron
zeolite catalyst bed.

First the NO, is reduced with ammonia according to such reactions as:

6 NO, + 8 NH; — 7N, + 12 H,O (18)
6 NO +4 NH; — 5N+ 6 H,O (19)

NO +NO;+2NH; — 2N+ 3HO (20)
4NO +0O,+4 NH; — 4N, + 6 H,O 21)

Effectively, all the NO, is removed. Some destruction of N,O also occurs.

Secondly the nitrous oxide (N,O) is reduced with hydrocarbons over the iron zeolite according to such
reactions as:

7N,0 + C3Hg — 7N, +4H,0 +3CO (22)
10 N,O + C3Hg — 10N, +4 H,O +3 CO, 23)
5 02 + C3H8 — 4 HzO +3 COZ (24)
70, +2C3Hg — 8H,0 +6CO (25)

Similar reactions take place between nitrous oxide and the small quantities of other hydrocarbons such as
butane (C4H;) that are present in the commercial propane used. N,O reduction by these reactions is much
more effective when NOy is absent.

A large proportion of the carbon monoxide (CO) that is formed is further oxidised to carbon dioxide
(CO,) over a second EnviCat®-CO / CH catalyst installed in the EnviNOx® reactor downstream of the
first catalyst:

2CO +0, — 2CO, (26)
All the above reactions are exothermic and cause a temperature rise over the EnviNOx® reactor.

Compared with the reduction in greenhouse gas emission achieved by the destruction of N,O the
additional greenhouse gas emissions (CO,) caused by the use of hydrocarbons in the process are
insignificant but will be determined.

The proposed project activity will reduce the N,O emissions from PANNA 3 nitric acid plant by more
than 94% by installing the EnviNOx® process. The project will use propane as reducing agent.

It is important to emphasise that the hydrocarbon and ammonia are not employed as fuels, to increase the
temperature of the tail gas to a level at which high rates of N,O decomposition can take place, but that
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they are used as genuine chemical reagents that take part in reactions with N,O and NOx respectively on
specific sites on the surface of catalysts specially developed for the purpose by UHDE.

The proposed project activity will consume about 120 kg propane per hour. The precise specific
consumption figures of the reducing agent (propane) will be fine-tuned during commissioning of the
EnviNOx® system.

Enaex. S.A. (see section A.3.) will invest in the most efficient catalytic destruction technology for N,O
emission reductions in the tail gas of nitric acid plants (furthermore called “EnviNOx® system”) provided
by the manufacturer UHDE GmbH. Enaex will install and operate the EnviNOx" system at its PANNA 3
nitric acid plant, which was commissioned by UHDE in 1999 and which is in full commercial operation.

The project’s aim is to destruct (almost eliminate) N,O emissions at the nitric acid plant PANNA 3 with
potential additional environmental and secure social benefits. The project activity will not result in any
revenues except the income from the sale of CERs. The catalytic N,O destruction project activity is
expected to reduce more than 94% of the N,O emissions that would be emitted without the project
activity. Under related project circumstances at the nitric acid of AMI in Austria, UHDE’s EnviNOx®
system reduces more than 98% of all N,O emissions of the nitric acid plant. A similar CDM project in
Egypt (Abu Qir Fertilizer Company, Alexandria), which went into operation in October 2006, showed a
N,O destruction rate of about 99%. Enaex as the project applicant and project operator will voluntarily
invest 3% of the net income from the sale of the CERs in a “Social Fund” to support social projects
(additional social benefit).
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A.3.  Project participants:
. Kindly indicate if
Name of P?:)t y involved Private and/or public entity(ies) the Party involved
((host) indicates a host project partl.c1pants ) w1sl.1es to be
Party) (as applicable) considered as
4 project participant
(Yes/No)
Republic of Chile (Host) Enaex S.A. No
Japan Mitsubishi Corporation No
Federal Republic of
eaeral Mepublic o RWE Power AG No
Germany
(*) 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.

Host country is the Republic of Chile. Chile ratified the Kyoto Protocol on August 26, 2002.

Project applicant, sponsor and operator is Enaex S.A. (herein after called Enaex), a private owned
entity registered under the laws of the Republic of Chile and an incorporated company listed on the
Santiago stock exchange. Major shareholder is Sidgo Koppers S.A.. Enaex is a leading producer of
explosives and raw materials for rock fragmentation. Based in Chile, the company also supplies
operational and technical support for its explosives to the mining industry. Enaex's range of products
covers open pit and underground mine blasting, as well as boosters and accessories. Major customers are
the most important mining companies of South America, such as CODELCO, BHP Billiton, Anglo
American, Antofagasta Minerals, Southern Pera Copper, Phelps Dodge and Placer Dome. Enaex sells
explosives for mining and civil purposes only.

Enaex has well established people, management principles and practices that enable an integral
development of its employees. Given the nature of its manufacturing and service operations, Enaex has a
strict and high standard of selection of its workers throughout the organization, this allows to have highly
qualified personnel in all of its areas. Enaex’s comprehensive people programs include performance
management, health, well-being, training and development.

Some of the programs in place:
= Quality Assurance
= Continuous Education and Training
= Consulting on Drug and Alcohol addiction
= Health Plans
= Housing Plans
= Social Technical advising benefits
= Bonus and Equity participation systems
= Creativity Award
= Internal communications
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= Sports, Recreation and integration of the family

In 2002, the company received “The Carlos Vial Espantoso Award”, for best people management
practices.

The Prillex América production facility of Enaex, of which PANNA 3 is one of three nitric acid plants,
has received the following certification (see Annex 5):

= NChISO 9001. Of. 2001;

= ANSI/ASQ Q9001:2000;

= BSENISO 9001:2000

Enaex operates the Prillex America ammonium nitrate plant in Mejillones in Northern Chile with an
annual production capacity of 450,000 tonnes. Part of the Prillex America complex are three nitric acid
plants, of which PANNA 3 is the biggest (production of 925 metric tonnes of nitric acid per day) and
where the proposed CDM project activity will be implemented.

Major buyer of Emission Reductions from the project is Mitsubishi Corporation, Japan's largest
general trading company with over 200 bases of operations in approximately 80 countries worldwide.
Together with its over 500 group companies, Mitsubishi Corporation employs a multinational workforce
of approximately 48,000 people. Mitsubishi Corporation has long been engaged in business with
customers around the world in virtually every industry, including energy, metals, machinery, chemicals,
food and general merchandise.

The RWE Group is one of Europe’s leading integrated electricity and gas companies. RWE Power
Aktiengesellschaft is the continental power generation company within the RWE Group and Germany’s
biggest power producer. RWE Power has a diverse generation portfolio including lignite, hard coal,
nuclear energy, gas and renewable sources such as hydro, wind and biomass. RWE invests and
participates actively in projects under the Clean Development Mechanism and Joint Implementation. The
RWE team combines a track record in global commodities and emissions trading as well as risk
management with broad experience and a deep understanding of specific risks inherent in CDM and JI
projects.

Project developer is CARBON Projektentwickung GmbH (herein after called CARBON), a limited
liability company located and registered in Austria under Austrian law. The company is an experienced
financing and investment company specialized in the development and implementation of Greenhouse
Gas reduction projects according to Article 6 of the Kyoto Protocol (Joint Implementation) and Article 12
of the Kyoto Protocol (Clean Development Mechanism). CARBON has experience with CDM project
development in Africa, Latin America and Asia and is specialised in the catalytic N,O destruction in the
tail gas of nitric acid plants. It has developed the methodology for destruction of N,O in the tail gas of
nitric acid plants (AM0028) and has implemented the first N,O destruction CDM project at nitric acid
plants at Abu Qir Fertilizer Company in Egypt as well as similar CDM project at three nitric acid plants at
Hu-Chems Fine Chemicals Corporation in Korea.
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‘ A4.1.1. Host Party(ies): ‘
Republic of Chile
A4.1.2, Region/State/Province etc.:

2" Region (Region of Antofagasta), Province of Antofagasta

A4.1.3. City/Town/Community etc:

Planta Prillex America
City: Mejillones
Address: Barrio Industrial s/n
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A4.14. Detail of physical location, including information allowing the

Chile is endowed with many natural resources — it is the world's major copper producer. In the medium-
term, production levels are expected to reach nearly 40% of the world's total. The copper industry is by
far the most important industrial energy consumer. It is also Chile's main export commodity, accounting
for 40% of total export earnings.

Chile is generally recognized as a model for the successful implementation of market-oriented economic
reforms. There is a political consensus on maintaining a liberal market economy and prudent fiscal and
monetary policies. The government has demonstrated its commitment to an open economy by reducing its
uniform import tariff over several years, from 11% to a current level of 6%, beginning in January 2003.
Chile's foreign trade is diversified among many partners including Asia, the European Union and Latin
America, in addition to the US, which was the market for about 20% of Chile's exports and the origin of
almost 15% of its imports. As part of its export growth strategy, Chile has pursued free trade negotiations
with several countries (as described hereunder), in addition to that concluded with the US in December
2002, and is an active participant in negotiations for a Free Trade Area of the Americas (FTAA). In 1996,
Chile signed bilateral free trade agreements with both Canada and Mexico. In 2002, it concluded
negotiations for free trade agreements with South Korea and the European Union. In 1996, Chile signed
an association agreement with the four-nation Common Market of the South (Mercosur). In 1994, Chile
became a full member of the Asia-Pacific Economic Cooperation (Apec) group and is working to expand
trade in the Asia-Pacific region. In 2006, negotiations with China have been concluded and it was agreed
to start a trade agreement with Japan in 2007.

Enaex operates three nitric acid facilities at its Prillex América ammonia nitrate complex in Mejillones in
Northern Chile (Province of Antofagasta, 2" Region). Mejillones is located 65 km to the north of
Antofagasta, the region’s capital city and is surrounded by the Pacific Ocean to the west and by one of the
most arid deserts in the world (Desierto de Atacama) to the east. Since the past two centuries, the port of
Antofagasta has been playing an important role for the export of raw materials extracted in the area,
shifting from guano to potassium nitrate (saltpetre) to copper over the years. In this field, the port of
Mejillones has also playing an important role. Currently, the population of Mejillones is 8,500 and main
economic activities are linked to the mining industry.
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Figure 1: Location of the project
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The possible ways to destroy or reduce N,O emissions at nitric acid plants can be categorized into three
groups:

e Primary: Part of the N,O is prevented from forming. This requires modifications to the precious
metal ammonia oxidation gauzes to reduce N,O formation. Alternative materials can also be
employed as the ammonia oxidation catalyst. Cobalt oxide, for example, does not generate any
N,O by-product, but suffers from being less selective for the production of NO.

e Secondary: N,O, once formed, is removed anywhere between the outlet of the ammonia oxidation
gauzes and the inlet of the absorption tower. The preferred position of choice for secondary
methods is directly after the gauzes A real-time continuous measurement of baseline and project
emissions is not possible.

e Tertiary: N,O is removed from the tail gas downstream of the absorption tower by catalytic
destruction (either by catalytic decomposition or by catalytic reduction). In general the optimum
position for a tertiary N,O destruction facility is at the hottest position in the tail gas stream. In
tertiary catalytic N,O destruction processes a hydrocarbon input may be necessary to achieve the
highest available N,O destruction rate. Thus hydrocarbons may be used to increase the tail gas
temperature for catalytic decomposition processes (considered as leakage emissions) or as a
reducing agent in catalytic reduction processes of N,O (considered as project emissions).

A tertiary approach offers a number of advantages:

e A tertiary measure is the most efficient for N,O destruction at nitric acid plants compared to
primary and secondary measures.

e The tertiary approach, as an end-of-pipe technology, is analogous to the various well-established
catalytic NOy reduction processes. Therefore, high acceptance of this technology by plant
operators is to be expected.

e There is no interference with the nitric acid production process itself. The tertiary N,O
destruction technology will not cause a nitric acid production increase and therefore no financial
incentive for the implementation of the proposed project activity exists.

e A tertiary process incorporates a selective catalyst suitable for destroying N,O and also NO,
which can lead to additional environmental benefit.

e No technical possibility that relevant N,O will be destroyed downstream the tertiary N,O
destruction facility. Consequently, an overestimation of N,O baseline emissions is not possible
whenever tertiary N,O destruction facility will be installed.

e A real-time continuous measurement of baseline and project emissions can be verified easily.

The project technology provider is UHDE GmbH, a German company and 100% subsidiary of
Thyssen-Krupp. UHDE GmbH is the world market leader in the field of fertilizer technology engineering
and construction and has constructed several nitric acid plants all over the world. Among these plants is
PANNA 3.
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In response to climate change, UHDE has developed and tested different processes for abating and
removing N,O from nitric acid plants. In this context, UHDE invented a process for the combined
removal of N,O and NOy from the tail gas of nitric acid plants. The EnviNOx® system, a tertiary
abatement technology for combined N,O and NOx emission removal in the tail gas of nitric acid plants,
has been patented by UHDE world-wide. UHDE has developed a tertiary measure for the reduction of
N,O to avoid a direct interference in the production process of nitric acid. In particular, any possibility of
nitric acid product contamination, or loss of the valuable intermediate product nitric oxide (NO) that
could otherwise influence nitric acid production, is eliminated.

The N,O and NOx destruction efficiency of the EnviNOx" system can be measured and monitored easily
and independently from the production process (these are the main differences to primary and secondary
technologies, which are treating N,O emissions directly in the ammonia oxidation reactor at the same
time the N,O is produced). The EnviNOx" system is currently the best available technology for N,O
(more than 98% removal) and NOyx (down to 0-3 ppmv) destruction. Therefore it can be summarized that
the EnviNOx" system is an environmentally safe and sound technology. The technology transfer is
organized by Carbon and the reputable suppliers of the technology. Several trainings will be carried out to
enable Enaex staff to operate, maintain and monitor the project activity.

The EnviNOx" system is an example of a tertiary measure for the destruction of N,O from nitric acid
plant tail gas streams based on the catalytic decomposition or catalytic reduction of N,O. Therefore, the
EnviNOx" system is located between the existing SCR DeNOx system and the tails gas turbine. The
reactor in an EnviNOx® system houses one or two catalyst beds through which the tail gas flows.

A hydrocarbon input may be necessary to achieve the best N,O destruction rate. Thus hydrocarbons may

be used to increase the tail gas temperature for catalytic decomposition processes or hydrocarbons may be
used as a reducing agent to increase the efficiency of the catalytic reduction process.

Technology to be used at PANNA 3:

A catalytic reduction process will be installed in PANNA 3 nitric acid plant. The new EnviNOx® reactor
(tag number R 8104) will be located between the existing Selective Catalytic Reduction (SCR) DeNOx
reactor (tag number R 8103) and the tail gas turbine (tag number M 8102), which is the position with the
highest tail gas temperature in the nitric acid production process at PANNA 3. The design temperature at
the stage is about 350°C and sufficient to permit very high rates of N,O destruction by virtue of the use of
propane and ammonia as reducing agents for N,O and NOx respectively. Due to modifications the actual
tail gas temperature at this part is approximately 335°C and will be increased back to about 350°C by
installing a process gas side bypass. The existing SCR DeNOx unit will stay in operation.

The EnviNOx® reactor contains two catalyst beds, the first an iron zeolite, the second a cordierite
monolith coated with a small quantity of platinum. For the efficient reduction of nitrous oxide, the NOx
concentration of the tail gas leaving the existing SCR DeNOx reactor must be further lowered to
effectively zero. This is achieved simultaneously to the reduction of nitrous oxide in the first catalyst bed.
The reducing agents employed, ammonia and propane, are introduced into the tail gas upstream of the
EnviNOx® reactor via the static mixer (tag number N 8103) as superheated vapours. PANNA 3 will use
about 120 kg propane per hour. Currently, a DeNOx unit is already in place at PANNA 3 to fulfil the

PROJECT DESIGN DOCUMENT FORM (CDM PDD) - Version 03.1. UNFeCe "



CDM - Executive Board

page 14

voluntary commitment of Enaex to limit NOx emissions (a mixture of NO and NO,) to a maximum of 100
ppmv and to comply with local Chilean regulations (reference: Swiss Confederation Federal Law,
October 7, 1983). This DeNOx unit will stay in operation and will complement the EnviNOx® system.

The commercial propane available at PANNA 3 is HD-5 which consists mainly of propane (CsHg). The
other hydrocarbons behave as reducing agents towards N,O just as propane does and are consumed in the
EnviNOx® reactor.

The second bed in the EnviNOx® reactor converts carbon monoxide arising from the use of propane in the
first bed to carbon dioxide. The amount of this greenhouse gas emission (CO,) is insignificant in
comparison to the reduction in greenhouse gas emissions that the process achieves by destroying nitrous
oxide but will be determined by measuring the flow of propane to the EnviNOx" system. Emissions of
propane itself will be effectively zero.

All the reactions taking place in the EnviNOx® reactor are exothermic. The resulting higher temperature
at the inlet of the tail gas turbine increases the amount of energy recovered and compensates for the slight
reduction in energy recovery caused by the additional pressure drop of the new equipment.

Location of EnviNOx® system:
The EnviNOx® system requires the highest temperature available in the tail gas heat recovery train and is
therefore installed between the existing SCR DeNOx system and the tails gas turbine.

Ammonia feed:

Superheated ammonia from the existing plant ammonia evaporator and superheater is supplied to the
EnviNOx® system under flow control. If for any reason the supply of ammonia to the EnviNOx® system
must be interrupted, either due to a trip or operator intervention, an automatic double block and bleed
system isolates the ammonia system from the tail gas side of the nitric acid plant.

Propane feed:
Liquid propane is taken from a storage tank, vaporised, superheated and then supplied to the EnviNOx®

system under flow control. As with the ammonia supply system, the propane feed is isolated from the tail
gas side of the nitric acid plant in case of an interruption of supply caused by operator action or an
interlock by means of a double block and bleed arrangement.

Mixer:

Propane gas and ammonia vapour are supplied to the lances of the tail gas / ammonia / propane gas static
mixer. This inline device ensures that the reducing agents ammonia and propane are intimately mixed
with the tail gas before the tail gas reaches the EnviNOx® reactor.

PROJECT DESIGN DOCUMENT FORM (CDM PDD) - Version 03.1. UNFeCe "
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Tail gas flow measurement:

According to the methodology AM0028 (vers. 4), the tail gas flow should be monitored at the inlet and
the outlet of the EnviNOx® system. Two venturi tubes (in compliance with ISO 5167-4:2003) will be
installed.

N,O and NO, reduction:
At the inlet of the EnviNOx® reactor, the NO, concentration is below 100 ppm (due to existing DeNOx
unit and voluntary commitment of Enaex) and the N,O typically has a concentration of up to 2000 ppm.

The NOx concentration increases with plant load and temperature in the absorption tower while increased
absorption tower pressure reduces the NOx concentration. Thus the NOx concentration is subject to short
term fluctuations without any long term trend. While the tail gas N,O concentration can also increase with
increasing plant load it additionally depends significantly on the state of the ammonia oxidation Platinum-
Palladium-Rhodium gauzes in the ammonia burners. The state of the gauzes deteriorates over the length
of a production campaign. So the short term fluctuations in N,O concentration are generally — although
not in every campaign — overlaid with a long term trend to higher N,O concentrations as the campaign
advances.

The EnviNOx® reactor contains two catalyst beds arranged in series as described above. In the first bed
the EnviCat®-N,0-2 catalyst reduces the concentration of NOx and N,O to very low levels by reaction
with ammonia and hydrocarbons, respectively, while in the second bed carbon monoxide is oxidised to
carbon dioxide. Compared with the reduction in greenhouse gas emission achieved by the destruction of
N,O the additional greenhouse gas emissions (CO,) caused by the use of the hydrocarbon in the process
are insignificant but will be determined by the actual propane consumption. Due to the heat released by
the exothermic reduction reactions the temperature of the tail gas increases.

Tag numbers
EnviNOx" reactor R 8104
Static mixer N 8103
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The implementation of the project activity will result in an ex-ante estimation of GHG emission
reductions conservatively calculated at 5.76 million t CO,e over the first seven-year crediting period.
Please note - that estimates of GHG emission reductions are made for reference purposes only - actual
baseline and project emissions and emission reductions will be determined based on measurement results
and measurement uncertainties on ex-post basis. The global warming potential of N,O is set at 310
according to the Kyoto Protocol rules.

As the project is planned to start from 01/Sept/2007 with the renewable crediting periods, the emission
reductions during the first crediting period are estimated as shown in the table below.

Table: Summary Emission Reduction 2007-2014

Years Annual estimation of emission
(First Crediting Period) reductions in
tonnes of CO,e
01/Sept - 31/Dec 2007 205,710
2008 822,842
2009 822,842
2010 822,842
2011 822,842
2012 822,842
2013 822,842
01 Jan — 31 Aug 2014 617,131
Total estimated reductions
(tonnes of CO,e) 5,759,893
Total number of crediting years 7 years1
Annual average over the crediting
period of estimated reductions 822,842
(tonnes of CO,e)

No public funds are available for the financing of the project activity.

''7 years of each period x 3 crediting periods = 21 crediting years
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SECTION B. Application of a baseline and monitoring methodology

AMO0028 / Version 04
“Catalytic N,O destruction in the tail gas of Nitric Acid or Caprolactam Production Plants”

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

The proposed project activity destroys N,O emissions by catalytic reduction of N,O in the tail gas of the
nitric acid plant PANNA 3.

The use of the methodology is justified because the following statements are true:

Condition 1: The commercial production of the PANNA 3 nitric acid plant started in 1999. The existing
production capacity is applied for the process with the existing ammonia oxidation reactor. Existing
production capacity is defined as the designed capacity, measured in tonnes of nitric acid per year as
specified in Annex 3.

Condition 2: is not applicable to nitric acid plants.

Condition 3: The PANNA 3 nitric acid plant has currently not installed any N,O destruction or
abatement technology. The project activity will not result in any shut down of an existing N,O destruction
or abatement facility.

Condition 4: The project activity will not cause a nitric acid production increase.

Condition 5: A DeNOy unit is already installed at PANNA 3 nitric acid plant. The project activity will
result in NOx emission reductions that are at least as effective as the existing DeNOj units.

Condition 6: The DeNOy unit installed at PANNA 3 is a Selective Catalytic Reduction (SCR) DeNOx
unit.

Condition 7: The N,O concentrations will be measured in real time at the inlet and the outlet of the N,O
destruction facilities.

This baseline methodology is used in conjunction with the approved monitoring methodology for
AMO0028/ Version 04.
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B.3.  Description of the sources and gases included in the project boundary ‘

N,O is a by-product of the manufacture of nitric acid. It is formed alongside the main, desired product
nitric oxide during the catalytic oxidation of ammonia over platinum/rhodium gauzes. Once leaving the
gauzes some of the N,O may be destroyed in the part of the plant upstream of the absorption tower by
high temperature homogeneous gas phase decomposition and by catalytic decomposition on platinum
deposits formed from metal lost from the gauzes. Since platinum dust carryover into the tail gas section of
the plant is prevented by the absorption tower, which acts as a very efficient scrubber, and the
temperatures encountered in the tail gas section of the plant are lower than those leading to homogeneous
gas phase N,O decomposition, there is no loss of N,O in the tail gas section unless nitrous oxide
destruction facility is installed. Nitrous oxide that has reached the tail gas section is thus discharged to
atmosphere in the tail gas, and has no economic value.

The project boundary encompasses all anthropogenic emissions by sources of greenhouse gases under the
control of the project participants that are significant and reasonable attributable to the project activity.
More specifically, the project boundary comprises the N,O destruction facilities including the auxiliary
propane input to PANNA 3 nitric acid plant. According to AM0028 the auxiliary ammonia input will be
considered equal to ammonia input of the baseline scenario. Note, in case of PANNA 3 a SCR-DeNO,
unit is already installed prior to the starting date of the project activity. For monitoring purposes however,
the project boundary encompasses the nitric acid plant, to measure the nitric acid production and the
operating parameters at the ammonia oxidation reactor.

The possibility that in the future some national, provincial or local regulation governing the emissions of
N,O or NO may occur has been taken into account in the monitoring methodology. Accordingly, the
baseline scenario will be re-assessed according to AM0028. If new or modified NO, emission regulations
are introduced after the project start, determination of the baseline scenario will be re-assessed at the start
of the following crediting period.

For the purpose of determining project activity emissions, the following emission sources are included:
= N,O emissions in the tail gas downstream the project activity;
= CO, emissions associated with the use of propane as reducing agent.

For the purpose of determining baseline emissions, the following emission sources are included:
= N,O emissions in the tail gas upstream the project activity.

The following table illustrates which emissions sources are included and which are excluded from the
project boundary for determination of both baseline and project emissions.
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Table: Overview on emission sources included or excluded from the project boundary

Baseline Emissions

Source Gas Justification/Explanation
Emissions of N;Oasa | N,O Included Main emission source, taking national N,O emission
result of side reaction regulations into account.
to the nitric acid
production process
Emissions related to the | CO, Excluded In case of PANNA 3 nitric acid plant a SCR DeNOy
production of ammonia | CH,4 according | unit is already installed prior to the project start:
used for NOy reduction | N,O to AM0028 | ammonia input for SCR is considered to be of the
same magnitude to project related ammonia input for
(Attention: Ammonia NOy reduction. Baseline emissions and project
used for NO,- emissions are similar and therefore not considered for
reduction does not calculation.
cause GHG emissions,
only the production of
ammonia causes GHG
emissions)
N,O emissions from N,O Excluded | The presence of a SCR DeNOy unit tends to increase
SCR DeNO, unit according | the N,O emissions. Therefore the ex-post
to AM0028 | measurement of the baseline emissions at the inlet of
the N,O destruction facility represents a conservative
determination of the baseline N,O emissions.
Project Emissions
Source Gas Justification/Explanation
Emissions of N,O as a N,O Included Main emission source that remains in the tail gas
result of side reaction after the N,O destruction facility (taking national N,O
to the nitric acid emission regulations into account).
production process
Emissions related to the | CO, Excluded In case of PANNA 3 nitric acid plant a SCR DeNOy
production of ammonia CH,4 according | unit is already installed prior to the project start:
input used for NOy N,O to AM0028 | ammonia input for SCR is considered of the same
reduction magnitude as project related ammonia input for NOj-
reduction. Baseline emissions and project emissions
(Attention: Ammonia are similar and therefore not considered for calculation.
used for NOy-reduction
doesn’t cause GHG
emissions, only
production causes GHG
emissions)
In case of N,O CO, Included At PANNA 3 nitric acid plant a N,O reduction process
reduction process will be installed and propane will be used as reducing
installed: Emissions at agent. Propane is used to enhance the efficiency of a




CDM - Executive Board

page 20
the project site resulting N,O catalytic reduction facility.
from hydrocarbons
used as reducing agent In this case hydrocarbons are mainly converted to CO,,
and/or re-heating the tail while some hydrocarbons may remain intact.
gas

In order to apply a conservative approach propane is
assumed to be completely converted to CO,.

Emissions from CO;, Excluded GHG emissions related to the electricity consumption
electricity demand CH, are insignificant (< 0.005%) and are excluded as
N,O monitoring would lead to unreasonable costs.
Emissions related to the | CO, Excluded GHG emissions related to the production of
production of the CH,4 hydrocarbons used as reducing agent represent less
hydrocarbons N0 than 0.001% of expected emission reductions and will
not be taken into account due to unreasonable costs for
monitoring.

B.4.  Description of how the baseline scenario is identified and description of the identified
baseline scenario:

The approved baseline methodology AM0028 Version 4 “Catalytic N,O destruction in the tail gas of
Nitric Acid or Caprolactam Production Plants “ is applied to the “Catalytic N,O destruction project in the
tail gas of the nitric acid plant PANNA 3 of Enaex S.A.” in the following five steps:

Step 1: Identify technically feasible baseline scenario alternatives to the project activity:
The baseline scenario alternatives should include all technically feasible options which are realistic and
credible.

Step 1a: The baseline scenario alternatives should include all possible options that are technically
feasible to handle N,O emissions. For PANNA 3 these options are:
= Status quo: The continuation of the current situation, where there will be no installation of
technology for the destruction or abatement of N,O
= Switch to alternative production method not involving ammonia oxidation process
= _Alternative use of N,O:
0 Recycling of N,O as a feedstock for the plant;
0 The use of N,O for external purposes.
= Installation of a Non-Selective Catalytic Reduction (NSCR) DeNOx unit2
»  The installation of a N20 destruction or abatement technology
0 Tertiary measure for N,O destruction (proposed project activity)
0 Primary or secondary measures for N,O destruction or abatement.

These options include the CDM project activity not implemented as a CDM project.

2 NSCR: As NSCR DeNO, unit will reduce N,O emissions as a side reaction to the NO,-reduction. Consequently, new NSCR
installation can be seen as alternative N20 reduction technology.
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Technologically not feasible options:

The switch to alternative production method not involving ammonia oxidation process is not prevailing
and is not available to PANNA 3, because currently the method using ammonia oxidation process is most
common for manufacturing nitric acid and is already installed at PANNA 3 nitric acid plant.

The use of N,O for external purposes is technically not feasible at PANNA 3 nitric acid plant, as the
quantity of gas to be treated is enormous compared to the amount of nitrous oxide that could be
recovered. Note, the N,O concentration in the tail gas at PANNA 3 nitric acid plant is expected to be less
than 0.2%. The use of N,O for external purposes is neither in the region/country nor in any other nitric
acid plant applied.

The recycling of N,O as a feedstock for the plant is technically not practicable, as N,O is not a feedstock
for nitric acid production. The recycling of N,O as a feedstock is neither in the region/country nor in any
other nitric acid plant applied.

Therefore the following alternatives are technically not feasible:
= Switch to alternative production method not involving ammonia oxidation process;
= The use of N,O for external purposes;
= Recycling of N,O as a feedstock for the plant.

Step 1b: In addition to the baseline scenario alternatives of step la, all possible options that are
technically feasible to handle NO, emissions should be considered. The installation of a NSCR DeNOy
unit could also cause N,O emission reduction. Therefore NO, emission regulations have to be taken into
account in determining the baseline scenario. The respective options are:

= The continuation of the current situation, where DeNO, units are installed;

= Installation of new Selective Catalytic Reduction (SCR) DeNOj units;

= Installation of new Non-Selective Catalytic Reduction (NSCR) DeNOy units;

= Installation of new tertiary measures combining NO, and N,O emission reductions.

(project scenario).

There are no direct Chilean regulations applicable to NO, emissions at nitric acid plants. The actual
voluntary commitment of Enaex is based on the Swiss regulation (reference: Swiss Confederation Federal
Law, October 7, 1983). According to resolution Number 102/2006 (Antofagasta, 26™ May 2006,
Comision Regional del Medio Ambiente — COREMA) the NOy emission limit for Enaex’ Prillex América
nitric acid plants is 100 ppmv.

Currently, a DeNOx unit is already in place at PANNA 3 to fulfil the voluntary commitment of Enaex to
limit NOx emissions (NO and NO,) to a maximum of 100 ppmv and to comply with local Chilean
regulations for air emissions. This DeNOx unit will stay in operation and will complement the EnviNOx®
system.
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The following table summarizes the actual emission at the PANNA 3 nitric acid plant of Enaex

Emissions from nitric | Legal requirements Enaex Actual emissions

acid plant PANNA 3  |in Chile voluntary commitment (without CDM project)
N,O not in place not in place <2000 ppm

NOx Ref: Swiss Regulation 100 ppm <75 ppm

As shown in the table above the NO, emissions at the PANNA 3 nitric acid plant are limited to 100 ppmv.
Actual NOy emissions regulations are more than fulfilled. Enaex already operates a SCR DeNOy unit at
the PANNA 3 nitric acid plant which results in less than 75 ppmv, with average NOy emissions in 2004
and 2005 of 69 ppmv and 44 ppmv respectively. This is far below the legal limit of 100 ppmv NO, from
exhaust for existing nitric acid plants. As there is already a SCR DeNOj unit installed at PANNA 3 nitric
acid plant, the installation of an NSCR DeNOj unit, which is not state of the art’, is not conceivable as
baseline alternative. Therefore it is obvious that Enaex will not install another DeNOjy unit.

Therefore the following alternatives are technically not feasible:
= Installation of new Selective Catalytic Reduction (SCR) DeNOy unit;
= Installation of new Non-Selective Catalytic Reduction (NSCR) DeNOy unit.

Step 2: Eliminate baseline alternatives that do not comply with legal or regulatory requirements:

Currently, there are no national regulations or legal obligations in the Republic of Chile concerning N,O
emissions. All remaining baseline alternatives are in compliance with all relevant legal and regulatory
requirements on N,O and NOy emissions. Therefore no baseline alternative is eliminated at step 2.

Step 3: Eliminate baseline alternatives that face prohibitive barriers (barrier analysis):

Sub-Step 3a: On the basis of the alternatives that are technically feasible and in compliance with all legal
and regulatory requirements, the project participant should establish a complete list of barriers that would
prevent alternatives to occur in the absence of CDM.

In the case of the “Catalytic N,O destruction project in the tail gas of the nitric acid plant PANNA 3 of
Enaex S.A.” project the following barriers that would prevent baseline alternatives to occur in the absence
of CDM are identified:

= Investment barriers (economic/financial barriers):
N,O destruction facilities generate no financial or economical benefits other than CDM related
income. No income from any kind of potential product or by-product except CERs are able to pay
back investment costs as well as running costs for the installation of a N,O destruction or
abatement technology as no marketable product or by-product exists. As national regulations on

3 See also: UBA 2001: Umweltbundesamt. State-of-the-art for production of Nitric Acid with regard to the IPPC
Directive. Vienna 2001. EFMA 2000: European Fertilizer Manufactures’ Association, Production of Nitric Acid,
Best Available Techniques for Pollution Prevention and Control in the European Fertilizer Industry, Brussels 2000.
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NO, emissions are more than fulfilled at the PANNA 3 nitric acid plant of Enaex and no national
regulations or legal obligations in the Republic of Chile concerning N,O emissions exists,
investment barriers are clearly identified for all baseline options which require significant
investments (primary, secondary and tertiary N,O destruction or abatement).

Technological barriers:

In addition to investment barriers identified above, technological barriers are identified as
primary and secondary N,O emission reduction technologies interfere with the nitric acid
production process. The implementation of primary or secondary measures could cause an
intervention in the nitric acid production process, which is not in the mind of Enaex. Besides,
N,O destruction efficiency is considered significantly lower at primary or secondary measures.

Barriers due to prevailing practice:
No nitric acid plant in the Republic of Chile has installed any N,O destruction or abatement
technologies. The proposed project activity is the “first of its kind”.

Therefore the following baseline alternatives are eliminated:

Primary or secondary measures for N,O destruction or abatement
Tertiary measure for N,O destruction (proposed project activity)

Sub-Step 3b: Show that the identified barriers would not prevent the implementation of at least one of
the alternatives (except the proposed CDM project activity):

In conclusion, the single scenario that does not face barriers (see step 3) is:

The continuation of the current situation, where a DeNO, unit is installed at PANNA 3 nitric acid
plant and national regulations on NO, emissions are more than fulfilled. No N,O destruction or
abatement technology will be installed. As national regulations on NO, emissions are more than
fulfilled at the PANNA 3 nitric acid plant of Enaex and no national regulations or legal
obligations in the Republic of Chile concerning N,O emissions exists, investment barriers (and
also technological barriers and barriers due to prevailing practice) are clearly identified for all
baseline options except the continuation of the status quo.

Therefore the continuation of the status quo can be pre-selected as baseline scenario.

As the outcome of the barrier analysis (step 3) is clear, Step 4 of the methodology is omitted.

Step 4: Identify the most economically attractive baseline scenario alternative:
Determine which of the remaining project alternatives that are not prevented by any barrier is the most
economically of financially attractive, and then is a possible baseline scenario.

Sub-step 4a: Determine appropriate analysis method
Sub-step 4b: Option I: Apply simple cost analysis
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As the outcome of the barrier analysis (step 3) clearly identifies the baseline scenario, Step 4 of the
methodology is omitted.

The procedure to identify the baseline scenario clearly results in that the most likely baseline scenario is
the continuation of the status quo and therefore the continuation of emitting N,O to the atmosphere,
without the installation of N,O destruction or abatement technologies.

Therefore the continuation of the current situation is clearly identified as the baseline scenario.

Step 5: Re-assessment of baseline scenario in course of proposed project activity’s lifetime:

At the start of a crediting period, a re-assessment of the baseline scenario due to new or modified NO, or
N,O emission regulations should be executed as follows:

Sub Step 5a: New or modified NO, emission regulations:
If new or modified NO, emission regulations are introduced after the project start, determination of the
baseline scenario will be re-assessed at the start of a crediting period. Baseline scenario alternatives to be
analysed should include, inter alia:

= Selective Catalytic Reduction (SCR);

=  Non-Selective Catalytic Reduction (NSCR);

= Tertiary measures incorporating a selective catalyst for destroying N,O and NO, emissions;

= Continuation of baseline scenario.

For the determination of the adjusted baseline scenario the project participant should re-assess the
baseline scenario and shall apply baseline determination process as stipulated above (Steps 1 —5).

Potential outcomes of the Consequence

re -assessment of the (adjusted baseline scenario)
baseline scenario (to be in
line with NO, regulation)
SCR DeNOy installation Continuation of original (N,0O) baseline scenario
NSCR DeNOy installation The N,O emissions outlet of NSCR become
adjusted baseline N,O emissions, as NSCR may
reduce N,O emissions as well as NO,.

Tertiary measure that Adjusted baseline scenario results in zero N,O
combines NO, and N,O emissions reduction

emission reduction

Continuation of original Continuation of original baseline scenario

baseline scenario

Note, PANNA 3 nitric acid plant has already installed a SCR DeNOy unit. New or modified NOy
emission regulations introduced after the project start will be taken into account for the next crediting
period.
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Sub Step 5b: New or modified N,O-regulation:
If legal regulations on N,O emissions are introduced or changed during the crediting period, the baseline
emissions shall be adjusted at the time the legislation has to be legally implemented.

Baseline Scenario:

Therefore the baseline scenario is the continuation of the status quo and N,O emissions are not reduced
by any N,O destruction or abatement technology at PANNA 3 nitric acid plant. The baseline scenario
consists of the continuation of the currently installed SCR DeNOjy units in which only NOy (nitric oxide
NO, and nitrogen dioxide NO,) is reduced to water vapour and nitrogen by reaction with ammonia.

B.5.  Description of how the anthropogenic emissions of GHG by sources are reduced below
those that would have occurred in the absence of the registered CDM project activity (assessment
and demonstration of additionality): >>

of the EnviNOx" systems at PANNA 3 nitric acid plant.

Tertiary measures offer a number of advantages:
e The proposed project activity (tertiary measure), as an end-of-pipe technology, is analogous to
the various well-established catalytic NOy reduction processes.
e There is no interference with the nitric acid production process itself. The tertiary N,O destruction
technology will neither cause a nitric acid production increase nor decrease.
e A tertiary process incorporates a selective catalyst suitable for destroying N,O and NOj, which
will lead to additional environmental benefit.

Taking into account that:

e PANNA 3 nitric acid plant were built by UHDE and UHDE is also the supplier of technology for
the proposed project activity,

e the proposed project activity (tertiary measure) is analogous to the already successful
implemented SCR DeNOjy unit,

e the expected N,O reduction rate of tertiary measures up to 99%,

e primary and secondary measures requires modifications to the ammonia oxidation reactor
(operational risks),

e atertiary measures will not influence the production process of Enaex core business.

Based on this line of arguments, Enaex obviously and explicitly gives their technological preference to a
tertiary technology.

The EnviNOx" system is a tertiary technology for destruction of N,O emissions in the tail gas of PANNA
3 nitric acid plants and is located between the existing SCR DeNOx reactor and the tail gas turbine. It is
expected that the project activity reduces minimum 94% of the N,O emissions that would be emitted
without the project activity (under related project circumstances the EnviNOx" system reduces more than
99% of N,O emissions).
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A catalytic reduction process will be installed in PANNA 3 nitric acid plant. The design tail gas
temperature at this stage of the process is sufficient to permit very high rates of N,O removal by virtue of
the use of propane and ammonia as reducing agents for N,O and NOx respectively. The existing SCR
(SCR= Selective Catalytic Reduction) DeNO, unit will stay in operation.

The additionality of the project activity is demonstrated and assessed using the “Tool for demonstration
and assessment of additionality” agreed by the Executive Board.

Because of the similarity of both approaches used to determine the baseline scenario and the additionality
tool, step1 of the tool for demonstration and assessment of additionality can be ignored.

Step 2. Investment analysis:

Sub-step 2a. Determine appropriate analysis method:

As catalytic N,O destruction facilities generates no financial or economical benefits other than CDM
related income, Option I as stated in the applied baseline methodology (simple cost analysis) has been
chosen.

Sub-step 2b. — Apply simple cost analysis

Project scenario: No income from any kind of potential product or by-product except CERs are able to
pay back investment costs as well as running costs for the installation of the EnviNOx® system as no
marketable product or by-product exists.

The investment costs of several million Euros (excluding potential financing costs) consists of the
engineering, construction, shipping, erection, installation and commissioning of the EnviNOx® system
and the measurement equipment. The running costs consist of the regular change of the catalysts,
hydrocarbon and ammonia inputs as well as personnel costs for the supervision of the EnviNOx" system
and the measurement equipment.

Confidential information on investment and operation costs will be provided to the validator.

Baseline scenario: The baseline scenario “The continuation of the current situation” will neither cause any
additional investments costs nor any additional running costs.

Therefore, the proposed CDM project activity is, without the revenues from the sale of certified emission
reductions, obviously less economically and financially attractive than the baseline scenario.

Step 4. Common practice analysis

The proposed project activity is the “first of its kind” in Chile and the whole region, no similar project
activity of this kind is currently operational and therefore the proposed project activity is not common
practice.
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Conclusion: The proposed CDM project activity is undoubtedly additional, since it passes all the steps of
the tool for the demonstration and assessment of additionality. No income from any kind of potential
product or by-product except CERs are able to pay back investment costs as well as running costs for the
installation of the proposed project activity as no marketable product or by-product exists.

The registration of the project activity as a CDM Project and corresponding CER revenues are the single
source of project revenues. Based on the ex-ante estimation of N,O emission reductions over the first
crediting period, it is expected that the income from selling of CERs of the registered CDM project
activity is at least as high as the investment, financing and running costs. Therefore Enaex is willing to
finance the project activity under the condition of the registration of the project activity. CDM registration
is therefore the decisive factor for the realization of the proposed project activity.
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B.6. Emission reductions:

B.6.1. Explanation of methodological choices: |

The direct emissions from the project activity are equivalent to the N,O emissions not destroyed plus
emissions related to the operation of the N,O destruction facility (emissions from additional hydrocarbon
input).

Project Emissions:

The emissions due to the project activity are composed of (a) the emissions of not destroyed N,O and (b)
emissions from auxiliary ammonia and hydrocarbons input resulting from the operation of the N,O
destruction facility. The procedure of determining the project N,O emissions is similar to that used for
determining baseline emissions. Project emissions are defined by the following equation:

PE y = =PE ND,y +PE DF,y 27
where:

PE y Project emissions in year y (tCO,e)

PE ND,y Project emissions from N,O not destroyed in year y(tCO,e)

PE DF,y Project emissions related to the operation of the destruction facility in year y (tCO,e)

N,O emissions not destroyed by the project activity:

N,O emissions not destroyed by the project activity are calculated based on the continuous measurement
of the N,O concentration in the tail gas of the N,O destruction facility and the volume flow rate of the tail
gas stream.

The emissions of non destroyed N,O are given by:

PE ND,y = PE N20,y x GWP_N20O (28)
where:

PE ND.y Project emissions from N,O not destroyed in year y(tCO,e)

PE N20.,y Project emissions of N,O in year y (tN,O)

GWP_N20 Global warming potential of N,0 =310

PE N20,y = YF TE,ix CO_N20,ix M_i 29)
where:

PE N20.,y Project emissions of N,O in year y (tN,O)

F TE.i Volume flow rate at the exit of the destruction facility during interval i (m*/h)
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CO_N20.i N,O concentration in the tail gas of the N,O destruction facility during interval i
(tN,O/m’)
M i Length of measuring interval i (h)
i interval
n number of intervals during the year

Project emissions from the operation of the destruction facility:
The operation of the N,O destruction facility at PANNA 3 requires the use of hydrocarbon (propane type
HD-5) as input streams.

The emissions related to the operation of the N,O destruction facility are given by on-site emissions due
to the hydrocarbons used as input to the N,O destruction facility. Note, in case of PANNA 3 nitric acid
plant a SCR DeNOy unit is already installed prior to the project start and according to AMO0028 the
ammonia input for existing SCR is considered of the same magnitude as project related ammonia input
for NOy-reduction. Baseline emissions and project emissions are similar and therefore not considered for
calculation.

PE DF,y = PE NH3,y + PE HC,y 30)

where:

PE DF,y Project emissions related to the operation of the destruction facility in year y (tCO,e)

PE NH3)y Project emissions related to ammonia input to destruction facility in year y (tCO,e)

PE HC)y Project emissions related to hydrocarbon input to destruction facility and/or re-heater in
year y (tCOze)

Ammonia input:
In case of PANNA 3, project emissions related to ammonia input to the destruction facility (PE_NH3,y)
are zero.

Hydrocarbon Input:

Propane is used as reducing agent at PANNA 3 to enhance the catalytic N,O reduction efficiency. In this
case hydrocarbons are mainly converted to CO, (HCE C,y), while some methane remain unconverted to
CO, (HCE_NC,y). Note, according to propane supplier certificates methane is not present.

The fraction of the converted hydrocarbons is OXID HC.

PE HC,y = HCE C,y + HCE NCy 31)
where:

PE HC,y Project emissions related to hydrocarbon input to destruction facility in year y (tCO,e)
HCE Cy Converted hydrocarbon emissions in year y (tCO,)

HCE NCy Methane emissions in year y (tCO,e)

For calculation of the GHG emissions related to the hydrocarbons converted and not converted, the
following formulae are used:
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HCE NC,y = p CH4x Q CH4,y x GWP_CH4 x (1-OXID_CH4 / 100) (32)
where:
HCE NC.y Methane emissions in year y (tCO2¢)
p CH4 Methane density (t/m3)
Q CH4,y Methane used in year y (m3)
GWP_CH4 Global warming potential of methane
OXID _CH4 Oxidation factor of methane (%)

For calculation of the GHG emissions related to the hydrocarbons converted, the following formula is
used:

HCE C,y=p HCxQ HC,y x EF HC x OXID HC/100 +p CH4 x Q CH4,y x EF_CH4 x OXID_CH4

/100) 33)
where:
HCE Cy Converted hydrocarbon emissions in year y (tCO,e)
p HC Hydrocarbon density (t/m?)
Q HCy Hydrocarbon, with two or more atoms of carbon, input in year y (m?)
OXID HC Oxidation factor of hydrocarbon (%), with two or more molecules of carbon
EF HC Carbon emission factor of hydrocarbon (tCO,/t HC), with two or more molecules of
carbon

In case of the PANNA 3 project propane type HD-5 will be used as reducing agent, Methane is not
present and therefore Q CH4,y is zero. In order to apply a conservative approach OXID HC is assumed
to be 100%.

The hydrocarbon CO, emission factor is given by the molecular weights and the chemical reaction when
hydrocarbons are converted (carbon emission factor of propane is 3 tCO,/tC;Hg).

Project emissions are limited to the design capacity of the existing nitric acid plant PANNA 3. If the
actual production of nitric acid (P_product,y) exceeds the design capacity (P_product,max) then
emissions related to the production above P_product,max will neither be claimed for the baseline nor for
the project scenario

Baseline Emissions:

Baseline emissions of the project activity are determined based on the quantity of N,O emitted in the
baseline scenario, taking national regulations, production levels and operating conditions into
consideration. The quantity of N,O is determined based on the measurement of the N,O at the inlet of the
N,O destruction facility (EnviNOx® system), which results in a conservative estimation of baseline
emissions.
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The N,O baseline emissions monitoring equipment will measure (1) the tail gas volume flow rate
(temperature and pressure are also measured and the volume flow rate is automatically adjusted to
standard temperature and pressure), (2) the N,O concentration at the inlet of the EnviNOx® system, (3)
the output of nitric acid and (4) the operating conditions of the ammonia oxidation reactor (temperature,
pressure, ammonia flow rate). The amount of N,O baseline emissions can then directly be calculated by
multiplying the tail gas volume flow rate and the N,O concentration or if the actual operating parameters
and pressure are outside the range of permitted operating parameters by applying conservative default
values.

Baseline emissions are given by the following equation:

BE y = BE_N20 x GWP_N20 (34)
where:

BE y Baseline emissions in year y (tCOye)

BE N20O.y Baseline emissions of N,O in year y (tN,O)

GWP_N20 Global warming potential of N,O =310

Depending on the implementation of regulations on N,O emissions and the character of the regulation,
baseline N,O emissions (BEx»o0,y) are calculated as shown below:

Case 1: The most plausible baseline scenario is that no N,O would be abated in the absence of the project
activity (i.e. no secondary or tertiary reductions measures and no NSCR DeNOy unit would be installed).

BE N20,y = QI N20.,y 35)
where:

BE N20O.y Baseline emissions of N,O in year y (tN,O)

QI N20,y Quantity of N,O supplied to the destruction facility in year y (tN,O)

The quantity of N,O supplied to the N,O destruction facility (DF) is calculated based on continuous
measurement of the tail gas volume flow rate and the N,O concentration at the inlet of the N,O
destruction facility. Therefore the quantity of the N,O at the inlet is given by:

QI_N20,y = »F_TLix CI_N20,ix M_i 36)
where:

QI N20,y Quantity of N,O emissions at the inlet of the destruction facility in year y (tN,O)

F TLi Volume flow rate at the inlet of the destruction facility during interval i (m’/h)
CI_N20,i N,O concentration at destruction facility inlet during interval i (tN,O/m’)

M i Length of measuring interval i (h)

i Interval

n Number of intervals during the year
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Baseline emissions are limited to the design capacity of the existing nitric acid plant. If the actual
production of nitric acid (P_product,y) exceeds the design capacity (P_product,max) then emissions
related to the production above P_product,max will neither be claimed for the baseline nor for the project
scenario.

If, P_product,y > P_product,max 37
then

BE N20,y = SE N20O.,y x P_product,max 398)
where:

BE N20O.y Baseline emissions of N,O in year y (tN,O)

SE N20.,y Specific N,O emissions per output nitric acid in year y (tN,O/tHNO;)

P_product,max Design capacity (tHNO;)

The specific N,O emissions per unit of output nitric acid are defined as:

SE N20,y = QI N20O,y/P_product,y 39)
where:

SE N20O.,y Specific N,O emissions per unit of output nitric acid in year y (tN,O/tHNO3)

QI N20O,y Quantity of N,O emissions at the inlet of the destruction facility in year y (tN,O)

P_product,y Production of nitric acid in year y (tHNO;)

Case 2: Legal regulations for N,O are implemented:

In case national regulations concerning N,O emissions are implemented during the crediting period, the
impact on baseline N,O emissions is considered without any delay by adjusting the measured N,O
emissions at the time the regulation has to be implemented. Depending on the character of the regulation
the adjustment is done as shown below:

Case 2.1: Regulation setting of a threshold for an absolute quantity of N,O emissions per nitric acid plant
over a given time period:

Baseline N,O emissions are limited by the absolute quantity of N,O emissions given by the regulation. If
the measured baseline N,O emissions are exceeding the regulatory limit, then measured baseline N,O
emissions are substituted by the regulatory limit.

This leads to the following condition:

If,

QI N20,y > QR N20,y (40)
then,

BE N20,y = QR N20,y 41)
else,

BE N20,y = min of [Ql_N20,y ,SE N20.,y x P_product,max] (42)
where:

QI N20O,y Quantity of N,O emissions at the inlet of the destruction facility in year y (tN,O)

QR N20.y Regulatory limit of N,O emissions in year y (tN,O)

BE N20O.y Baseline emissions of N,O in year y (tN,O)
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SE N20.,y Specific N,O emissions per unit of output nitric acid in year y (tN,O/tHNO3)
P_product,y Production of nitric acid in year y (tHNO3)

The quantity of N,O emissions at the inlet of the N,O destruction facility (DF) is calculated based on
continuous measurement of the tail gas volume flow rate and the N,O concentration at the inlet of the
N,O destruction facility (see equation 36).

Case 2.2: Regulation setting of a threshold for specific N,O emissions per unit of product:
This leads to the following condition:

If,

SE N20,y > RSE N20 43)
then,

BE N20,y = min of [RSE_N20O x P_product,y , SE N20,y x P_product,max] (44)
else,

BE N20,y = min of [QI_N20,y ,SE N20,y x P_product,max] 45)
where:

SE N20.,y Specific N,O emissions per unit of output nitric acid in year y (tN,O/tHNO3)

RSE N20 Regulatory limit of N,O emissions per unit of output nitric acid (tN,O/tHNO;)

BE N20O.y Baseline emissions of N,O in year y (tN,O)

P_product,y Production of nitric acid in year y (tHNO;)

QI N20,y Quantity of N,O emissions at the inlet of the destruction facility in year y (tN,O)

The specific N,O emissions per unit of output of nitric acid are defined as:

SE N20,y = QI N20O,y/P_product,y (46)
where:

SE N20.,y Specific N,O emissions per unit of output nitric acid in year y (tN,O/tHNO3)

QI N20,y Quantity of N,O emissions at the inlet of the destruction facility in year y (tN,O)

P_product,y Production of nitric acid in year y (tHNO;)

The quantity of N,O emissions at the inlet of the N,O destruction facility is calculated based on
continuous measurement of the tail gas volume flow rate and the N,O concentration at the inlet of the
N,O destruction facility.

Case 2.3: Regulation setting of a threshold for N,O concentration in the tail gas
This leads to the following condition:
If,

C N20,y > CR_N20 47
then

BE_N20,y =YC_N20,ix [F_TG,ix M_i] (48)
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where C_N20,i is min [C_N20,y, CR_N20, and {(SE_N20,y x P_product,max)/(sum(F_TE,[*M i)} ]

else,

BE N20,y = QI N20,y 49)
where:

C N20.i N,O concentration at destruction facility inlet during interval i (tN,O/m’)
CR_N20.i Regulatory limit for specific N,O concentration during interval I (tN,O/m”)

BE N20O.y Baseline emissions of N,O in year y (tN,O)

F TE,i Volume flow rate at the exit of the destruction facility during interval i (m’/h)

M i Length of measuring interval i (h)

i Interval

n Number of intervals during the year

QI N20,y Quantity of N,O emissions at the inlet of the destruction facility in year y (tN,O)

The quantity of N,O emissions at the inlet of the N,O destruction facility is calculated based on
continuous measurement of the tail gas volume flow rate and the N,O concentration at the inlet of the
N,O destruction facility (see equation 36).

Change in N,O regulations will automatically cause a re-assessment of the baseline scenario.

Procedures used to determine the permitted operating conditions of the nitric acid plant in order to
avoid “overestimation of emission reductions”:

In order to avoid that the operation of the nitric acid production plant is manipulated in a way to increase
the N,O generation, thereby increasing the CERs, the following procedures relating to the operating
temperature and pressure and the use of ammonia oxidation catalysts is applied.

1. Operating temperature and pressure of the ammonia oxidation reactor (AOR):

If the actual average daily operating temperature or pressure in the ammonia oxidation reactor (T, and P,)
are outside a “permitted range” of operating temperatures and pressures (Tgpnise and Pg i), the baseline
emissions are calculated for the respective time period based on lower value between (a) the conservative
IPCC default values of the latest [IPCC GHG Inventory Guidelines accepted by the IPCC for equivalent
N,O emission process. For nitric acid plants, the figure shall be 4.5 kg N,O/ton nitric acid, (b) SEn20, and
(c) any related value as a result of legal regulations (e.g. RSEx,0).

Required monitoring parameters:

T gd Actual operating temperature AOR on day d (°C)
P gd Actual operating pressure AOR on day d (Pa)
T g,hist Historical operating temperature range AOR (°C)
P_ghist Historical operating pressure range AOR (Pa)

The PANNA 3 nitric acid plant is equipped with one ammonia oxidation reactor. The gauze temperature
in the burner is continuously measured by the sensors. The burner is equipped with three temperature
sensors and all temperature measurements should theoretically show the same value. Prior to the start of
this CDM project there was no need for data storage and data management of historical operating
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temperature of the AOR. In fact, data went lost due to problems with the data storage system and it is not
possible to rely sufficiently on the available data. Therefore historical data are not available in sufficient
samples to determine the operating temperature range.

Since the gauze temperatures are important parameter for this CDM project, ENAEX will check the
thermoelements in the AOR and the data transmission and storage system prior to the start of the crediting
period (during the shutdown for project implementation), to obtain accurate gauze temperature
measurements. Furthermore ENAEX will implement a quality assurance system for temperature data.
After implementation of the CDM project temperature data will be reported automatically by the CDM
monitoring and reporting system. The implementation of the CDM project will ensure reliable data
monitoring in the future.

Therefore the permitted range of operation temperature is determined according to AM0028 by UHDE’s
operating manual for the PANNA 3 nitric acid plant:

T_g,hist 860°C to 940°C according to the operating manual provided by the technology provider
UHDE

The operating pressure is continuously measured by pressure transmitter in the air compressor discharge
line. Prior to the start of this CDM project there was no need for data storage and data management of
historical operating pressure at the AOR. In fact data went lost due to problems with the data storage
system and it is not possible to rely sufficiently on the available data. Therefore historical data are not
available in sufficient samples to determine the operating temperature range.

Since also the operating pressure of the AOR is an important parameter for this CDM project, ENAEX
will check the pressure transmitters and the data transmission and storage system prior to the start of the
crediting period (during the shutdown for project implementation), to obtain accurate gauze temperature
measurements. Furthermore ENAEX will implement a quality assurance system for pressure data. After
implementation of the CDM project pressure data will be reported automatically by the CDM monitoring
and reporting system. The implementation of the CDM project will ensure reliable data monitoring in the
future.

Therefore, the permitted operating range of pressure in the ammonia oxidation reactor is based on the
normal range of operating conditions and determined according to AM0028 by UHDE’s operating
manual for the PANNA 3 nitric acid plant, which is 1.0 barg to 10 barg.

P_g hist 1.0 barg to 10.0 barg according to operating manual of the technology provider UHDE.
If the permissible operating limit recommended in UHDE’s operating manual is exceeded for either

temperature or pressure, the baseline N,O emissions for the relevant period are capped at the conservative
level of 4.5 kgN,O/tHNO;.
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2. Composition of ammonia oxidation catalyst:

The plant operator is allowed to use compositions of ammonia oxidation catalysts that are common
practice in the region or have been used in the nitric acid plant during the last three years without
limitation of N,O baseline emissions.

In case the nitric acid plant operator wishes to change to a composition not used during the last three
years, but is common practice in the region and supplied by a reputable manufacturer, or if it corresponds
to a composition that is reported as being in use in the relevant literature, the plant operator is allowed to
use these ammonia oxidation catalysts without limitation of N,O baseline emissions.

In case the nitric acid plant operator changes the composition of ammonia oxidation catalysts and the
composition is not common practice in the region and not reported as being in use in the relevant
literature, the project applicant has to demonstrate (either by economic or other arguments) that the choice
of the new composition was based on considerations other than an attempt to increase the rate of N,O
production. If the project applicant can demonstrate appropriate and verifiable reasons, the plant operator
is allowed to use new ammonia oxidation catalysts without limitation of N,O baseline emissions.

The first composition of ammonia oxidation catalyst used during the crediting period shall be of the same
kind of catalyst composition already in operation in the specific nitric acid plant. This is to avoid gaming
at the beginning of the project activity.

In case the nitric acid plant operator changes the composition of ammonia oxidation catalysts and the
composition is not common practice in the region and not reported as being in use in the relevant
literature, and the project applicant cannot demonstrate appropriate and verifiable reasons for this,
baseline emissions are limited to the maximum specific N,O emissions of previous periods
(tN,O/tHNO3), documented in the verified monitoring reports.

Required monitoring parameters:

G _sup Supplier of the ammonia oxidation catalyst

G _sup,hist Historical supplier of the ammonia oxidation catalyst

G _com Composition of the ammonia oxidation catalyst

G_com,hist Historical composition of the ammonia oxidation catalyst

SE N20.,y Specific N,O emissions per ton of product nitric acid in year y (tN,O/tHNO;)

The specification for catalyst gauzes at PANNA 3 nitric acid plant is 90% Platinum, 5% Rhodium and 5%
Palladium manufactured by the reputable manufacturer Johnson-Matthey. It is Enaex’s intention to
continue using a common ammonia oxidation catalyst produced by a reputable manufacturer during the
crediting period. The composition of the ammonia oxidation catalyst to be used for the first campaign
after project start will be of the same kind of catalyst composition as what is already in operation in
PANNA 3 nitric acid plant.
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3. Ammonia flow rate to the ammonia oxidation reactor:

If the actual daily ammonia flow rate exceeds the (upper) limit of the maximum historical daily permitted
ammonia flow rate, the baseline emissions for this operating day are calculated based on the conservative
IPCC default values and are limited by the legal regulations. The upper limit on ammonia flow is
determined by plant specific historical operating data the maximum daily average ammonia flow.

Required monitoring parameters on daily basis:
A OR/d Actual ammonia input to oxidation reactor (tNHs/day)
A OR,hist Maximum historical ammonia input to oxidation reactor (tNHs/day)

Analysis of the historical data reports the maximum ammonia input to the ammonia oxidation reactor of
279 tNH;/day on the 18/02/2000.

A_ORhist 279 tNH;/day

If the daily ammonia input to the oxidation reactor exceeds the limit on permissible ammonia input,
baseline N,O emissions are capped at conservative IPCC default values.

Leakage:
On condition that an energy converter (e.g. tail gas turbine) is installed at the end of the pipe, the

installation of the N,O destruction facility will not result in significant additional energy consumption at
the nitric acid plant and therefore no leakage is expected. Leakage emissions need only be analyzed if the
project activity does not involve any energy recovery from the tail gas.

At the nitric acid plant PANNA 3 an energy converter (tail gas turbine) is installed at the end of the pipe.
The installation of the N,O destruction facility will therefore not result in significant additional energy
consumption and no leakage is expected. Therefore no monitoring mechanism is being suggested.

Emission Reduction:
The emission reduction (ER_y) by the project activity during a given year y is the difference between the
baseline emissions (BE_y) and project emissions (PE_y), as follows:

ER y=BE y—-PE y-LE y .(50)
where:

ER y emissions reductions of the project activity during the year y (tCO,e)

BE y baseline emissions during the year y (tCO,e)

PE y project emissions during the year y (tCO,e)

LE y leakage emissions in year y (tCO,e)
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B.6.2. Data and parameters that are available at validation:

The following tables show the parameters that are not monitored throughout the crediting period but that
are determined only once and thus remains fixed throughout the crediting period and that are available
when validation is undertaken.

Data / Parameter: GWP_N20

Data unit: tCO,e/tN20

Description: Global warming potential of Nitrous Oxide
Source of data used: IPCC

Value applied: 310

Justification of the Specified in the AM0028

choice of data or

description of

measurement methods

and procedures actually

applied :

Any comment:

Data / Parameter: Reg NOx

Data unit: ppmv

Description: National regulation on NOy emissions
Source of data used: Regional authorities

Value applied: 100 ppmv

Justification of the
choice of data or
description of
measurement methods
and procedures actually
applied :

Actual NOy emission limit (COREMA Resolution)

Any comment:

Data / Parameter:

P _product,max

Data unit: tHNO3/year

Description: Design capacity

Source of data used: Manufactore’s specification
Value applied: 337,625 tHNO3/year

Justification of the
choice of data or
description of
measurement methods
and procedures actually
applied :

As specified in AM0028

Any comment:
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Data / Parameter: T g,hist
Data unit: °C
Description: Historical operating temperature range of the ammonia oxidation reactor
Source of data used: Operating manual PANNA 3
Value applied: 860 °C — 940 °C

Justification of the
choice of data or
description of
measurement methods
and procedures actually
applied :

As specified in AM0028.
Historical data are not available in sufficient extend, data from operating manual
PANNA 3 are taken.

For temperature measurement AOR three thermocouples are installed.

(1) TI-8122
(2) T1-8123
(3) TI-8124
Any comment:
Data / Parameter: P g hist
Data unit: barg
Description: Historical operating pressure range of the ammonia oxidation reactor
Source of data used: Operating manual PANNA 3
Value applied: 1.0 barg — 10.0 barg

Justification of the
choice of data or
description of
measurement methods

As specified in AM0028:
Historical data are not available in sufficient extend, data from operating manual
PANNA 3 are taken. For pressure measurement the following divise is installed:

and procedures actually | (1) PI-8113

applied :

Any comment:

Data / Parameter: G_sup,hist

Data unit: -

Description: Historical supplier of ammonia oxidation catalyst
Source of data used: Production reports PANNA 3

Value applied: Name of the supplier: Johnson & Matthey, Engelhard

Justification of the
choice of data or
description of
measurement methods
and procedures actually
applied :

As specified in AM0028

Any comment:
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Data / Parameter: G_com,hist
Data unit: %
Description: Historical composition of the ammonia oxidation catalyst
Source of data used: Supplier certificate
Value applied: Pt: 90%; Rh: 5%; Pd: 5%

Justification of the
choice of data or
description of
measurement methods
and procedures actually
applied :

As specified in AM0028

Any comment:

Data / Parameter: A_OR;hist
Data unit: tNH3/day
Description: Max. historical ammonia flow rate to the ammonia oxidation reactor

Source of data used:

DCS Historical Data and Test Run Report

Value applied:

279 tNH3/d

Justification of the
choice of data or
description of
measurement methods
and procedures actually
applied :

As specified in AM0028
In order to determine the maximum historical ammonia flow to the oxidation
reactor the following device is used:

(1) FI-8101

For the ammonia input to the AOR an Orifice Plate is used (FI-8101). This
instrument is provided with a local indication and DCS transmission and records
the ammonia flow in Nm?/h (at standard conditions 1,013.25 hPa; 273.15K). The
conversion to t/d is done by using the normal density of ammonia based on real
gas equation.

Density Ammonia: 0.7865 kg/m?

Any comment:

Data / Parameter: OXID HC

Data unit: %

Description: Hydrocarbon oxidation factor, fraction of the converted hydrocarbons
Source of data used: AMO0028

Value applied: 100%

Justification of the
choice of data or

As specified in AM0028, conservative baseline approach
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description of
measurement methods
and procedures actually
applied :

Any comment:

According to AM0028, Version 4 and in order to apply a conservative baseline
approach the fraction of unconverted hydrocarbons is zero: (OXID_HC = 100%).
Hence, reducing agent GHG emissions are calculated based on the hydrocarbon
CO, emission factor.

Data / Parameter: Type HC

Data unit: -

Description: Type of hydrocarbon
Source of data used: Hydrocarbon supplier
Value applied: Propane

Justification of the
choice of data or
description of
measurement methods
and procedures actually
applied :

As specified in AM0028

Any comment:
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B.6.3 Ex-ante calculation of emission reductions:

Ex-ante estimation of emission reduction is made by projecting nitric acid output, N,O formation,
efficiency of the catalytic N,O destruction process as well as the demand of hydrocarbon. Estimation is
for reference purposes only, actual project and baseline emissions will be determined on measurement
results on an ex-post basis.

Data as shown in Annex 3 are applied for the conservative ex-ante calculation of emission reduction,
nitric acid production of 305,250 tHNOs/a, inlet N,O concentration of 1,500 ppmv and an efficiency of
the EnviNOx" system of 94%. Please note that under related project circumstances the EnviNOx" system
reduces more than 99% of N,O emissions.

As described in chapter B.6.1 the emission reduction are calculated as specified in the applied
methodology AM0028.

Project Emissions:

PE y

PE ND,y + PE_DF,y =

PE_N20,y x GWP_N20 + PE_HC,y =

D F _TE,i xCO_N20,ixM_ix GWP_N20 +HCE _C,y =

D F _TE,i x CO_N20.i x M_i x GWP_N20 + p_HC x Q_HC.y x EF_HC x
OXID HC/100 =

121,540 x 1.77 x 107 x 7,920 x 310 + 2.00 x 10 x 475,200 x 3 x 100/100 =

55,587 tCO,e/a

Baseline Emissions:

BE y BE_N20 x GWP_N20 =

DF _TI,i x CLN20,i x M_i x GWP_N20 =

121,470 x 2.95x 10°x 7,920 x 310 =

878,429 tCOe/a
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As described the project activity will not result in any relevant leakage emission, therefore:

LE y=0

Emission Reductions:

ER y BE y—PE y—LE y=

878,429 - 55,587 =

= 822,842 tCOxe/a

The following table summarizes the emission reductions of the project activity.

Emissions Summary

Baseline emissions

Project emissions related to the operation of the DF
Project emissions from N20 not destroyed

Project emissions

Total Leakage GHG Emissions

Total GHG Emissions Reduction

BE_y
PE_DF_y
PE_ND_y
PE_y
L_E_
ER_y

Unit

tCO2e
tCO2e
tCO2e
tCO2e
tCO2e
tCo2e

Year

878,429
2,851
52,736
55,587
0
822,842

% of BL GHG
Emissions

100.00%
0.32%
6.00%

6.33%
0.00%
93.67%
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| B.6.4 Summary of the ex-ante estimation of emission reductions: |

The anthropogenic emissions of the proposed project activity within the project boundary consist of the
emissions of non destroyed N,O and emissions from hydrocarbon input related to the operation of the
N,O destruction facility. Estimation is for reference purposes only, actual project and baseline emissions
will be determined on measurement results on an ex-post basis.

Expected starting date of project activity:
PANNA 3: 1* September 2007

The table below summarizes the project emissions by sources.

Estimation of Project Estimation of Estimation of Estimatiop (?f
Year Activity Emissions  Baseline Emissions Leakage ovel;::iluliilil;;ssmn
(tonnes of CO,e) (tonnes of CO,e) (tonnes of CO, e) (tonnes of CO, ¢)

2007 13,897 219,607 0 205,710
2008 55,587 878,429 0 822,842
2009 55,587 878,429 0 822,842
2010 55,587 878,429 0 822,842
2011 55,587 878,429 0 822,842
2012 55,587 878,429 0 822,842
2013 55,587 878,429 0 822,842
2014 41,691 658,822 0 617,131
Total

(tonnes of 389,112 6,149,005 0 5,759,893
CO,e)

| B.7 Application of the monitoring methodology and description of the monitoring plan: |

The following figure shows the monitoring points for the key parameters that need to be monitored for
the project activity.
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Figure 2: Location of the EnviNOx system as a tertiary measure
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B.7.1 Data and parameters monitored:

Data / Parameter: F TE,i

Data unit: m3/h

Description: Volume flow rate at the exit of destruction facility during interval i

Source of data to be Venturi tube, designed and manufactured in accordance with ISO 5167-4:2003
used:

Value of data applied 121,540 m*h (m* means cubic meters at standard conditions)

for the purpose of Design parameter according to technology provider

calculating expected
emission reductions in | Standard Normal Conditions: 1,013.25 hPa,; 273.15K)
section B.5

Description of Flow metering system will automatically record volume flow adjusted to
measurement methods | standard temperature and pressure.

and procedures to be
applied: The uncertainty of the mass flow measurement with the venturi tube is to be
calculated with the formula given in ISO 5167-1:2003.

QA/QC procedures to See Annex 4
be applied:

Any comment;: Key parameter




PROJECT DESIGN DOCUMENT FORM (CDM PDD) - Version 03.1. UNFeCe "

CDM - Executive Board

page 46

Data / Parameter:

CO_N20,i

Data unit:

tN20/ m?

Description:

N20 concentration at destruction facility outlet

Source of data to be
used:

Non-dispersive infrared photometry for N,O

Value of data applied
for the purpose of
calculating expected
emission reductions in
section B.5

1.77 x 107 tN20/m3

Description of
measurement methods
and procedures to be
applied:

In the effluent of the EnviNOx®- system, the concentrations of nitrous oxide
(N,0O) is analysed continuously. Analysis is done by using non-dispersive
infrared photometry for N,O. Sample handling includes provisions for pressure
reduction, separation of residual solids, sample flow adjustment, and supply
with test gases. The analyser is, as far as technically possible, corrected for any
applicable cross sensitivity.

QA/QC procedures to
be applied:

According to AM0028, results will be checked by sampling the gas
chromatography periodically.

See Annex 4

Any comment:

Key parameter

Data / Parameter: P_HNO3,y
Data unit: tHNO;
Description: Plant output of HNO3

Source of data to be
used:

Production reports

Value of data applied
for the purpose of
calculating expected
emission reductions in
section B.5

305,250 tHNO3/a

Description of
measurement methods
and procedures to be
applied:

The actual nitric acid production is measured according to the already installed
instruments. The instrument signals will be recorded in control rooms and used
to determine whether the nitric acid production is within the historical designed
capacity. Recorded nitric acid production data considers concentration and
density.

QA/QC procedures to
be applied:

Enaex will contact plausibility checks on a regular basis based on the ammonia
nitrogen balance of the plant. Meters used to measure the nitric acid production
are already installed and are integrated in quality management system (ISO
9001:2000).

Any comment;:
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Data / Parameter:

F TLi

Data unit:

m3/h

Description:

Volume flow rate at the inlet of destruction facility during interval i

Source of data to be
used:

Venturi tube, designed and manufactured in accordance with ISO 5167-4:2003

Value of data applied
for the purpose of
calculating expected
emission reductions in
section B.5

121,470 m*h (m*® means cubic meters at standard conditions)
Design parameter according to technology provider

Standard Normal Conditions: 1,013.25 hPa; 273.15K

Description of
measurement methods
and procedures to be
applied:

Flow metering system will automatically record volume flow adjusted to
standard temperature and pressure.

The uncertainty of the mass flow measurement with the venturi tube is to be
calculated with the formula given in ISO 5167-1:2003.

QA/QC procedures to
be applied:

See Annex 4

Any comment:

Data / Parameter:

CI_N20,i

Data unit:

tN20/ m?

Description:

N20 concentration at destruction facility inlet

Source of data to be
used:

Non-dispersive infrared photometry for N,O

Value of data applied
for the purpose of
calculating expected
emission reductions in
section B.5

2.95 x 10°tN20/m?

Description of
measurement methods
and procedures to be
applied:

In the feed of the EnviNOx®- system, the concentrations of nitrous oxide
(N,0), is analysed continuously. Analysis is done by using non-dispersive
infrared photometry in a combined analyser device. Sample handling includes
provisions for pressure reduction, separation of residual solids, sample flow
adjustment, and supply with test gases. The analyser is, as far as technically
possible, corrected for any applicable cross sensitivity.

QA/QC procedures to
be applied:

According to AM0028, results will be checked by sampling the gas
chromatography periodically.

See Annex 4

Any comment:

Key parameter

Data / Parameter:

Tg

Data unit:

°C

o )
w4
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Description:

Actual operating temperature ammonia oxidation reactor

Source of data to be
used:

DCS; Thermocouple

Value of data applied
for the purpose of
calculating expected
emission reductions in
section B.5

Not needed

Description of
measurement methods
and procedures to be
applied:

The actual temperature at the ammonia oxidation catalyst will be measured with
the already installed or exchanged measuring devices. Data are recorded in the
DCS.

For temperature measurement AOR three thermocouples are used. The daily
average temperature will be used in order to determine whether the AOR is
operated within the permitted range or not.

(1) TI-8122
(2) TI-8123
(3) TI-8124

QA/QC procedures to
be applied:

Devices will be subject to a regular maintenance and testing regime according
to manufacturer instruction and are integrated in quality management system
(ISO 9001:2000).

Any comment:

If the actual average daily operating temperature in the ammonia oxidation
reactor (T_g) is outside the “permitted range”, the baseline N,O emissions for
that period are capped at 4.5 kgN,O/tonne of nitric acid conservatively applying
the IPCC default value.

Data / Parameter:

Pg

Data unit:

barg

Description:

Actual operating pressure ammonia oxidation reactor

Source of data to be
used:

Pressure transmitter

Value of data applied
for the purpose of
calculating expected
emission reductions in
section B.5

Not needed

Description of
measurement methods
and procedures to be
applied:

The actual pressure at the ammonia oxidation catalyst will be measured with the
already installed or exchanged measuring devices. Data are recorded in the
DCS.

(1) PI-8113

QA/QC procedures to

Devices will be subject to a regular maintenance and testing regime according
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be applied:

to manufacturer instruction and are integrated in quality management system
(ISO 9001:2000).

Any comment:

If the actual average daily operating pressure at the ammonia oxidation reactor
(P_g) is outside the “permitted range”, the baseline N,O emissions for that
period are capped at 4.5 kgN,O/tonne of nitric acid conservatively applying the
IPCC default value.

Data / Parameter: G_sup
Data unit: -
Description: Supplier of the ammonia oxidation catalyst

Source of data to be
used:

Ammonia oxidation catalyst supplier

Value of data applied
for the purpose of
calculating expected
emission reductions in
section B.5

Not needed

Description of
measurement methods
and procedures to be
applied:

Information on supplier will be monitored

QA/QC procedures to | Not needed
be applied:

Any comment: No

Data / Parameter: G_com
Data unit: %

Description:

Composition of the ammonia oxidation catalyst

Source of data to be
used:

Ammonia oxidation catalyst supplier

Value of data applied
for the purpose of
calculating expected
emission reductions in
section B.5

Not needed

Description of
measurement methods
and procedures to be
applied:

Information composition will be monitored

QA/QC procedures to | Not needed
be applied:
Any comment: No
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Data / Parameter:

A ORJd

Data unit:

tNHs/d

Description:

Actual ammonia flow rate to the ammonia oxidation reactor

Source of data to be
used:

Flow meter

Value of data applied
for the purpose of
calculating expected
emission reductions in
section B.5

Not needed

Description of
measurement methods
and procedures to be
applied:

The actual ammonia flow to the ammonia oxidation reactor will be measured
with the already installed measuring devices. In order to determine the actual
ammonia flow to the oxidation reactor the following device is used:

(2) FI-8101

For the ammonia input to the AOR an Orifice Plate is used (FI-8101). This
instrument is provided with a local indication and DCS transmission and records
the ammonia flow in Nm?/h (at standard conditions 1,013.25 hPa; 273.15K). The
conversion to t/d is done by using the normal density of ammonia based on real
gas equation.

Density Ammonia: 0.7865 kg/m?

QA/QC procedures to
be applied:

Devices will be subject to a regular maintenance and testing regime according
to manufacturer instruction and are integrated in quality management system
(ISO 9001:2000).

Any comment:

If the actual ammonia flow rate to the ammonia oxidation reactor is outside the
“permitted range”, the baseline N,O emissions for that period are capped at 4.5
kgN,O/tonne of nitric acid conservatively applying the IPCC default value.

Data / Parameter: Q HCy

Data unit: m?3

Description: Hydrocarbon input (reducing agent)

Source of data to be Flow meter

used:

Value of data applied 519,344 m®/a

for the purpose of Design parameter according to technology provider

calculating expected
emission reductions in
section B.5

Description of
measurement methods
and procedures to be
applied:

The propane used as reducing agent will be measured by standard flow meters.
Flow is converted to standard conditions based on temperature and pressure
measurement.

QA/QC procedures to

Devices will be subject to a regular maintenance and testing regime according
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to manufacturer instruction.

No

p_HC

t/m?
Hydrocarbon density
Hydrocarbon supplier

0.002 t/m?
Standard Normal Conditions: 1,013.25 hPa, 273.15K

Hydrocarbon supplier or default value

Not required

No

EF HC

tCOze/ t

Hydrocarbon CO, emission factor
Hydrocarbon supplier or [IPCC

3 tCOze/tHC

The hydrocarbon CO, emission factor is given by the molecular weights and the
chemical reaction when hydrocarbons are converted.

Not required, the value does not affect the final results significantly.

No




PROJECT DESIGN DOCUMENT FORM (CDM PDD) - Version 03.1.

CDM - Executive Board

page 52

Data / Parameter:

SF y

Data unit:

Euro/a

Description:

Contribution Social Fund

Source of data to be
used:

ENAEX Economic Evaluation

Value of data applied
for the purpose of
calculating expected
emission reductions in
section B.5

Not needed

Description of
measurement methods
and procedures to be
applied:

Enaex as the project applicant and project operator will voluntarily invest 3% of
the net income from the sale of the CERs in a “Social Fund” to support social
projects.

ENAEX provides Economic Evaluation on an annual basis. The contribution of
the social fund is calculated considering 3 % of Rentability Before Taxes.

Rentability Before Taxes is calculated including as main parameters:

1. Income from the sales of Enaex S.A.’s CERs
Operational cost: (propane, ammonia, maintenance, man power,
administrations, insurance, etc.)

3. CDM cost

4. Depreciation, interest and taxes

QA/QC procedures to | Not required
be applied:
Any comment: No

B.7.2  Description of the monitoring plan:

Enaex has been operating the nitric acid plant since the commissioning of the plant and has sufficient and
well-experienced staffs. Enaex has been in production of the nitric acid for number of years and
measurement of various production parameters including operation of analyzers which are managed by

Production team.

The project employs the latest state of the art monitoring and control equipment that measures, records
and reports all key parameters to determine the GHG emission reductions.

The monitoring procedures will be fully integrated in PANNA 3 quality management system. Please note,
PANNA 3 is already ISO 9001:2000 certificated. All monitoring equipment will be serviced, calibrated
and maintained according to the manufacturers’ instructions and international standards. Parameters to be
monitored are described above.

UNRCCC A
~
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It is the responsibility of the Project Operator to ensure that required and experienced capacity is available
and that their operational staffs participate in training to be enable to operate the monitoring system
properly. Initial training will be provided to the staff before the project activity starts operation. It is also
the responsibility of the Project Operator to organize and implement a quality management system that
ensures the integrity of the data.

The system is designed for automatic operation, so that activities by operation personnel are not required
during normal operation. However, it is required to observe the system for possible failures, and to
perform required maintenance activities on a regular basis.

As mentioned above the proposed project activity also includes training course for operation of the
EnviNOx® system and also for accurate monitoring. It is Enaex responsibility to ensure that the required
capacity and internal training is made available to assigned staff, to enable them to undertake the tasks
required by the project operation and monitoring. All staff involved in any procedures will be trained
before the start of the crediting period.

The supplier of the measurement equipment will carry out an on-site training course for operation and
maintenance of the measurement equipment prior to the start of the crediting period. Contents and
procedures of the training are detailed in the operating manual of the monitoring system. UHDE will also
carry out an on-site training for operation and maintenance of the EnviNOx® system.

Malfunction of system components is indicated on the operator console in the control room as an alarm.
The occurrence of such an alarm requires the operator to immediately take measures to remedy the
problem. This is normally done by informing the instrument department, which then decides whether the
problem can be fixed immediately by themselves, or whether external support from manufacturer is
required. In such a case it is important to act immediately in order to avoid loss of valuable data. Detailed
instructions on how to proceed in such cases are given in the manufacturer’s documentation.

Enaex will perform a visual inspection of system on a regular basis by the operating staff. Such an
inspection can give indications on oncoming problems and allow to be prepared for them.

Enaex already conduct periodic plausibility checks based on the ammonia nitrogen balance of the plant.
Such plausibility checks will be conducted for nitric acid production during the crediting period.

Internal review of project performance and calculation of emission reductions will be executed by Enaex
and CARBON on a regular basis.

The monitoring of the N,O for the project will be responsible by Production team and the operation and
maintenance of the N,O monitoring system will be incorporated to the ISO 9001-2000 quality
management system.

Production team will be appointed to be responsible for the operation of the N20O Monitoring system.
Production team will follow the Monitoring plan and report the data on regular intervals to Management
team and Plant Manager in ascending order.

PROJECT DESIGN DOCUMENT FORM (CDM PDD) - Version 03.1. UNFeCe "
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Find below a list of persons (expected) to be nominated for the monitoring of the CDM Project:

Activity Person nominated (expected)
CDM Project Manager Oscar Jadue

Project Administration Jorge Saffie

Project Communication DOE Jorge Saffie

Project Operation Rafael Visedo

Project Maintenance Gerardo Diaz

Project Construction Gerardo Diaz

Project Review: Monitoring Reports Gerald Dunkel

Project Monitoring (data collection) Gerardo Diaz

B.8 Date of completion of the application of the baseline study and monitoring methodology and
the name of the responsible person(s)/entity(ies)

Date of completion of the application of the methodology to the project activity study: 15/04/2007
Persons/entities responsible for the application of the baseline and monitoring methodology to the project
activity are show below.

Persons/entities Project Participant Yes / No
CARBON Projektentwicklung GmbH No

Ortsring 41

A-3485 Grunddorf

Austria

Tel. +43 2735 77 135
Fax. +43 2735 20 531

Gerald Dunkel
Ferdinand Heilig

Email: dunkel@carbon-austria.com
Email: heilig@carbon-austria.com
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25 years

‘ C.2 Choice of the crediting period and related information:

‘ C.2.1. Renewable crediting period

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

C.2.1.2. Length of the first crediting period:

7 years, 0 months

‘ C.2.2.1. Starting date:

Not chosen

\ C.2.2.2. Length:

Not chosen
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SECTION D. Environmental impacts

D.1. Documentation on the analysis of the environmental impacts, including transboundary
impacts:

>>

The catalytic N,O destruction project in the tail gas of the PANNA 3 Nitric Acid Plant is a sustainable
project that contributes to the environmental, economic and social benefits in the Republic of Chile.

Environmental Impacts:

The ex-ante GHG emission reduction is estimated to be about 5.76 million tonnes of CO,e over the first
seven years crediting period. Additionally, the EnviNOx® system will reduce NOx emissions (additional
environmental benefit in expected).

On December 6, 2006, Enaex and CARBON presented the project to the National Commission of
Environment of 2nd Region of Antofagasta (CONAMA). On January 25, 2007, Enaex presented an
Environmental Impact Declaration to CONAMA, organism which is in charge of technical evaluation of
the project. Once this project was approved by CONAMA, the following step was the voting from
COREMA (Regional Commission of Environment).

Based on information submitted to COREMA the final resolution/approval was issued on the 26™ of
March 2007.

COREMA certified that all the applicable environmental requirements are fulfilled, and that the project
fulfils with the regulations of environmental character, included the requisites of environmental character
contained in the environmental sectoral permission contained in the article 94 of the “Regulation of the
System of Evaluation of Environmental Impacts”.

An extraction of the COREMA Resolution is shown in Annex 6 to this PDD.

COREMA approval: 26/03/2007
COREMA Resolution No.: 0090/2007

COREMA certified that all applicable environmental requirements of the Republic of Chile are fulfilled
and the project is in compliance with all relevant Chilean law.

No transboundary impacts are expected.

D.2. If environmental impacts are considered significant by the project participants or the host
Party, please provide conclusions and all references to support documentation of an environmental

Not applicable, as no significant environmental impacts are considered.
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SECTION E. Stakeholders’ comments ‘

‘ E.1.  Brief description how comments by local stakeholders have been invited and compiled: ‘

Enaex and CARBON have carried out investigation on the local stakeholder comments on the proposed
project activity in the formats of issuing questionnaires to introduce the aims and characteristics of the
project and addressing in particular its potential environmental impacts.

A local stakeholder conference was held by Enaex and CARBON in Antofagasta on December 6, 20006,
addressing stakeholders and residents living near the proposed CDM project as well as local companies,
organisations and the Chilean DNA. Invitation was done by public announcement (e.g. three times in five
local newspaper respectively, public blackboards) and by more than 100 personal invitation letters.
Finally, 68 participants attended the stakeholder conference and were asked to fill in the questionnaire
about the CDM project activity.

Stakeholder Meeting: Antofagasta — 06/12/2006
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E.2. Summary of the comments received:

Date: December 6, 2006

Location: Public auditorium of Mutual de Seguridad CCHC, Antofagasta

Number of attendants: 68

Agenda:

Introduction note from the CEO of Enaex S.A., Mr. Camilo Sandoval

Presentation on climate change (Jorge Saffie, Enaex)

Presentation on the technical and economic decision for the CDM project (Oscar Jadue, Enaex)
Presentation on description of Kyoto process for CDM project (Ferdinand Heilig, CARBON)
Questions and answers from the audience

Fill in questionnaires

Details of attendants who returned questionnaires:

Organisation / company Attendants | Additional information

Codelco 1 Mining company

Conama 1 Designated National Authority (DNA)
El Mercurio 2 Official newspaper of the Region
Enaex 23

Inhabitants of Mejillones 5

Inmobiliaria Miguel Vergara SCH 1 Constructing company

Minera El Tesoro 1 Mining company

Minera Escondida 1 Mining company

Minera Meridian 1 Mining company

Natural persons (public) 2

Quantum Consultores 1 Consulting company

SAG II Region 1 Environmental and health authorities
Sernageomin 1 Mining authorities

University of Antofagasta 1

University Catolica del Norte 2

Total 44
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Questions yes no not answered
Do you think that the region and the Chilean people 44 0 0
living in the region will benefit from this CDM project?
Is your company or the organization you are working for / 27 17 0
you are presenting influenced by this CDM project?
Will your company or the organization you are working
for / you are presenting play a role in the implementation 26 15 3
of this CDM project?
Do you think that the Chilean government shall support

) . 43 1 0
this project?
Do you think that the Republic of Chile shall take efforts

; . s . 40 1 3

towards reducing greenhouse gas emissions within Chile?
Do you consider that this CDM project will contribute to 42 0 5
the sustainable development of Chile?
Do you consider this CDM project as being “additional”? 27 15 2

E.3. Report on how due account was taken of any comments received:

All remarks and questions were discussed at great length. The project owner will pay attention to the
comments and questions of stakeholders and will make all conceivable effort to achieve environmental
benefits, social benefits and economic benefits.

Questions from stakeholders:

The discussion with the local stakeholders was very positive, and the local community overwhelmingly
supported the development and implementation of the CDM project at PANNA 3.

Translation of the main questions and answers of the stakeholder conference:

Q:
A:

Questions from stakeholders
Answers

Q:

Will there be a measurement system to verify the amount of gases that will be released
to the atmosphere at the Mejillones community?

Yes, Enaex will invest in modern, best available infrared measurement systems to
monitor real-time and continuously the ammonia and propane flow, the tail gas volume
flow and the inlet and outlet N,O and NOyx concentration. Data from the monitoring
system will be stored for the duration of the CDM project and will be made public in
form of the verification reports of the independent verifier.

In terms of transparency, it would be highly appreciated if the company would keep the
community informed about the implementation of the project.




PROJECT DESIGN DOCUMENT FORM (CDM PDD) - Version 03.1.

ovece
w4

CDM - Executive Board

page 60

The process to develop and implement a CDM project is an extraordinary transparent
process. The project design document (PDD) has to be independently validated by a
Designated Operational Entity (DOE) accredited with the CDM EB, the public will
have a period of 30 days for comments before the validation report can be finalized.
Public comments have to be considered by the validator. For the registration of the
project with the CDM EB the project documents will be made public for a period of 60
days again. During the operation of the CDM project all data will be monitored, stored
and reported. An independent verifier will verify the monitored data before CERs will
be issued.

?

Do you consider a similar project for PANNA [ and PANNA II?

PANNA I and PANNA Il are small plants with a total production of only 100 metric
tonnes of nitric acid per day. A tertiary measure cannot be implemented at PANNA [
and PANNA II as some technical parameter do not allow the installation of a tertiary
measure. In addition, the investment costs could never be paid back with the income
from the sale of CERs. Enaex would be in favor to use a tertiary measure, as Enaex
would not accept any interference in the production process and up to now no long-
term reference project exists for primary and secondary measures. Nevertheless, Enaex
will investigate whether to make use of a primary or secondary measure at PANNA [
and PANNA II. But it cannot be expected that primary or secondary measures would be
that efficient in terms of N,O destruction. Besides, no positive impact on the NOy
emissions will arise from primary or secondary measure.

Will current emissions be back again after 2012?

Up to now, those countries which ratified the Kyoto Protocol have not established a
common strategy for a Post-Kyoto period beyond 2012. However, the crediting period
for emission reductions generated by the PANNA 3 CDM project is until 2014 and the
project lifetime is expected to be at least 25 years.
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Annex 1

CONTACT INFORMATION ON PARTICIPANTS IN THE PROJECT ACTIVITY

Organization: Enaex S.A.
Street/P.0.Box: Renato Sanchez # 3859, Las Condes
Building:

City: Santiago
State/Region: Region Metropolitana
Postfix/ZIP: Correo Central 6760505
Country: Chile

Telephone: +56-2-2069351

FAX: +56-2-2285527
E-Mail:

URL: www.enaex.cl
Represented by: Mr. Oscar Jadue S.
Title: Project Manager
Salutation:

Last Name: Jadue

Middle Name:

First Name: Oscar

Department:

Mobile: +56-99-8224949
Direct FAX: +56-2-2285527
Direct tel: +56-2-2069351
Personal E-Mail: ojadue@enaex.cl

Organization: Mitsubishi Corporation
Street/P.0.Box: 3-1, Marunouchi 2-chome
Building:

City: Chiyoda-ku

State/Region: Tokyo

Postfix/ZIP: 100-8086

Country: Japan

Telephone: +81-(0)3-3210-2121
FAX:

E-Mail:

URL: http://www.mitsubishicorp.com/en/index.html
Represented by: Mr. Akinori Nagano

Title: Assistant Manager
Salutation:

Last Name: Nagano

Middle Name:

First Name: Akinori

Department:

CDM Project Development Office




PROJECT DESIGN DOCUMENT FORM (CDM PDD) - Version 03.1.

CDM - Executive Board

Mobile: +81-80-3387-1835
Direct FAX: +81-3-6405-3808
Direct tel: +81-3-6405-8307

Personal E-Mail:

akinori.nagano@mitsubishicorp.com

Organization: RWE Power Aktiengesellschaft
Street/P.O.Box: Huyssenallee 2
Building:

City: Essen
State/Region:

Postfix/ZIP: D-45128

Country: Germany
Telephone: +49-201-12 01
FAX:

E-Mail: cdm.ji@rwe.com
URL: WWW.rwe.com
Represented by: Dr. Michael Fiibi
Title: Vice President
Salutation:

Last Name: Fiibi

Middle Name:

First Name: Michael
Department: Climate Protection
Mobile:

Direct FAX: +49-201-12 24132
Direct tel: +49-201-12 20226

Personal E-Mail:

Michael.Fuebi@rwe.com
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Annex 2
INFORMATION REGARDING PUBLIC FUNDING

No public funds are available for the financing of the project activity.
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Annex 3
BASELINE INFORMATION

The following table summarizes information on data used for ex-ante calculation of GHG emission
reductions (for reference purposes only) — note, actual baseline and project emissions and emission
reductions will be determined based on measurement results on ex-post basis. Furthermore information on
data that are available when validation is undertaken is shown.

Table: Baseline data

Data Unit Value Data Source
Tail gas flow rate Inlet Nm3/h 121,470 Uhde: EnviNOx® design parameter
Tail gas flow rate Outlet Nm3/h 121,540 Uhde: EnviNOx® design parameter
Production days d/a 330 ENAEX
Additional Ammonia demand by EnviNOX® System kgNH3/tHNO3 - AM0028
Efficiency DF % 94% Uhde: min. efficiency EnviNOX®
N20 GWP - 310 Kyoto Protocol rules
Hydrocarbon: Propane
Type of Hydrocarbon - Propane Uhde: EnviNOx® design parameter
Propan Input kg/h 120 Uhde: EnviNOx® design parameter
Carbon emission factor of hydrocarbon tCO2/tHC 3.00 AMO0028: default factor
Oxidation factor of hydrocarbon % 100 AMO0028: conservative assumption
Methane GWP - 21 Kyoto Protocol rules
Data ENAEX:
Historical supplier of ammonia oxidation catalyst - Teliimeem sy ENAEX: plant operating records 2000-2006
Engelhard C.

90% Pt
Historical composition of the catalyst % 5% Rh Catalyst supplier

5% Pd
Maximum historical ammonia input to AOR tNH3/day 279 ENAEX: plant operating records
Designed capacity tHNO3/a 337,625 Uhde
Historical operating temperature range of AOR “C 860 - 940 Uhde: Manufacturer's Operating Manual
Historical operating pressure range of the AOR barg 1.0 -10.0 Uhde: Manufacturer's Operating Manual
Standard Conditions:
Temperature K 273.15 ISO 10780

Pressure hPa 1,013.25 ISO 10780
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Annex 4
MONITORING INFORMATION

The “Catalytic N,O destruction project in the tail gas of the nitric acid plant PANNA 3 of Enaex S.A”
employs the latest state of the art monitoring and control equipment that measures, records and reports all
key parameters to determine the GHG emission reductions.

The Monitoring Plan describes the procedures for data collection and auditing required for the project in
order to determine and verify the emission reductions achieved by the project activity. Historical data and
data based on the operating manual required for the project monitoring are already being collected and
documented in this Project Design Document. All remaining required data are automatically transferred to
the digital process control system where they are displayed, evaluated, and stored. Evaluation includes
calculation of flow rate at standard conditions and mass flow rates of N,O. The system also performs
calculation of daily mean values and generates automatically reports.

The monitoring methodology for the project activity is fully in compliance with the applied approved
monitoring methodology AM0028. The monitoring procedures will be fully integrated in ENAEX quality
management system. Please note, ENAEX is already ISO 9001 certified. All monitoring equipment will
be serviced, calibrated and maintained according to the manufacturers’ instructions and international
standards.

It is the responsibility of the Project Developer and Project Operator to ensure that required and
experienced capacity is available and that their operational staffs participate in training to be enable to
operate the monitoring system properly. Initial training will be provided to the staff before the project
activity starts operation. It is also the responsibility of the Project Developer and Project Operator to
organize and implement a quality management system that ensures the integrity of the data.

Monitoring equipment:

To permit the greenhouse gas emission reduction to be calculated accurately, a direct measurement of the
quantity of tail gas flowing through the EnviNOx® reactor is necessary. Two venturi tubes will be
installed upstream and downstream of the reactor, designed and installed according to the international
standard ISO 5167:2003 Part 4 provides the required flow rate. The measurement is temperature and
pressure compensated.

As the tail gas flow rate is an important parameter for the greenhouse gas emission reduction calculation
several special measures have been taken to ensure that the indicated flow rate is accurate.

These are:

1. Before the venturi tube is installed the dimensions of the venturi tube will be checked and
verified at the manufacturer’s factory.
2. The differential pressure, temperature and pressure transmitters that provide the signals from

which the tail gas flow rate is calculated are installed in duplicate. This enables problems
with faulty transmitters to be identified at an early stage and rectifying action taken.

3. Connections for independent measurement of the primary process parameters during normal
operation are provided. Thus a thermowell and a connection for a manometer are installed
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upstream of the venturi tube. The venturi tubes allow for connecting a differential pressure
gauge.

Tail gas is taken off continuously from upstream of the tail gas / ammonia / propane mixer and
downstream of the EnviNOx® reactor. The two analyser chains are independent of one another but
located in a common instrument container. The concentrations of the components N,O, NOx (NO and
NO2) are measured at the inlet and outlet.

Measured data are stored and evaluated in a digital process control system, which also provides control
functions for the EnviNOx®- system. Data storage is redundant and manipulation-proof.

Measurement of tail gas flow:

The tail gas flow at the inlet and outlet are measured by using two venturi tubes, which are designed and
manufactured in accordance with ISO 5167-4:2003. The venturi tubes are of rough welded sheet iron type
with annular pressure tapping chambers. Differential pressure is measured with two (redundant)
differential pressure transmitters. For calculation of the volume flow rate at standard conditions or (with
known molecular weight) the mass flow, the system is equipped with two (redundant) pressure
transmitters and two (redundant) temperature measurements.

On-line analysis of tail gas feed:
In the feed of the EnviNOx®- system, the concentrations of nitrous oxide (N,O), nitric oxide (NO) and
nitrogen dioxide (NO,) are analysed continuously.

N,O NO NO,
ppm ppm ppm
Range 0 -3000 0-100 0-100

Analysis is done by using non-dispersive infrared photometry in a combined analyser device. The
analyzer will take readings continuously with a time lag of about 200 seconds. Readings of these raw data
will be stored. Based on the raw data average daily figures will be calculated, reported and stored at the
data storage system. Sample handling includes provisions for pressure reduction, separation of residual
solids, sample flow adjustment, and supply with test gases. The analyser is, as far as technically possible,
corrected for any applicable cross sensitivity.
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On-line analysis of tail gas effluent:
In the effluent of the EnviNOx®- system, the concentrations of nitrous oxide (N,O), nitric oxide (NO)
plus nitrogen dioxide (NO,) and oxygen (O,) are analysed continuously.

Nzo NO + NOZ 02 CZHS
ppm ppm Vol % ppm
Range 0-200 0-20 0-5% 0-100

Analysis is done by using non-dispersive infrared photometry for N,O and chemoluminescence for NO
and NO,. Oxygen concentration is measured with a paramagnetic cell. The analyzer will take readings
continuously with a lag time of less than 200 seconds. Readings of these raw data will be stored. Based
on the raw data average daily figures will be calculated, reported and stored at the data storage system.
Sample handling includes provisions for pressure reduction, separation of residual solids, sample flow
adjustment, and supply with test gases. The analysers are, as far as technically possible, corrected for any
applicable cross sensitivity.

Actual production of Nitric Acid:

The actual nitric acid production is measured with the already installed instruments. The instrument
signals will be recorded in control room and used to determine whether the annual nitric acid production
is within the historical designed capacity. Recorded nitric acid production data considers concentration
and density.

Actual temperature and pressure of the ammonia oxidation reactor:

The actual temperature and pressure of the ammonia oxidation reactor is monitored using the existing (or
exchanged) instruments. The instrument signals will be recorded in the control room and used to
determine whether the nitric acid plant is being operated within the normal range of operation (daily
basis).

Actual ammonia input to the ammonia oxidation reactor:

The actual ammonia flow to the ammonia oxidation reactor is monitored using the existing instruments in
the nitric acid plant. The instrument signals will be recorded in the control room and used to determine
whether the nitric acid plant is being operated within the normal range of operation (daily basis).
Ammonia flow is converted to standard conditions based on temperature and pressure measurement.

Composition of the ammonia oxidation catalyst
The composition of the ammonia oxidation catalyst will be monitored according to catalyst supplier
information.

Propane input:
The propane used as reducing agent will be measured by flow. Flow is converted to standard conditions

based on temperature and pressure measurement.
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Data acquisition and storage:

The measured values are transferred to a digital process control system, where they are displayed,
evaluated, and stored. Evaluation includes calculation of flow rate at standard conditions and mass flow
rates of N,O. The system also performs calculation of daily mean values and generates reports. Data
storage for raw data as well as for evaluated data is done automatically on a computer network which is
directly connected to the process control system. Data storage is designed redundantly on two separate
computers, located at different locations. Network connections are redundant fibre optic links. The
software for data storage is designed in a way that falsification of data is excluded. Time stamps are
generated by a GPS clock.

Instrument Container, DCS and data logging:

The instrument containers house the analysers, parts of the sample handling system, and the controllers of
the DCS. Data logging is carried out with redundant storage on two computers. It controls the EnviNOx®
system, generates alarm and trip signals as necessary and logs all process data in the EnviNOx® system
area and, in addition, selected operating data from the nitric acid plants, as required by the relevant CDM
methodology AMO0028. These are mainly the operating parameters of the ammonia oxidation burners.

Operation of the Monitoring system:

The system is designed for automatic operation, so that activities by operation personnel are not required
during normal operation. However, it is required to observe the system for possible failures, and to
perform required maintenance activities on a regular basis.

Training:

As mentioned above the proposed project activity also includes training course for operation of the
EnviNOx® system and also for accurate monitoring. It is ENAEX responsibility to ensure that the
required capacity and internal training is made available to assigned staff, to enable them to undertake the
tasks required by the project operation and monitoring. All staff involved in any procedures will be
trained before the start of the crediting period.

The supplier of the measurement equipment will carry out an on-site training course for operation and
maintenance of the measurement equipment prior to the start of the crediting period. Contents and
procedures of the training are detailed in the operating manual of the monitoring system. Uhde will also
carry out an on-site training for operation of the EnviNOX® system.

Troubleshooting procedures:

Malfunction of system components is indicated on the operator console in the control room as an alarm.
The occurrence of such an alarm requires the operator to immediately take measures to remedy the
problem. This is normally done by informing the instrument department, which then decides whether the
problem can be fixed immediately by themselves, or whether external support from manufacturer is
required. In such a case it is important to act immediately in order to avoid loss of valuable data. Detailed
instructions on how to proceed in such cases are given in the manufacturer’s documentation.

The probability of downtime or malfunctions of the measuring instruments and/or data storage is very
low. In those cases procedures as described in AM0028 will be applied for determination of the relevant
factors. In such cases it is indispensable to act immediately in order to avoid further loss of valuable data.
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In the event that the monitoring system is down, the lowest between the conservative default value
established in the methodology or the last measured by-product rate (whichever the lower) will be valid
and applied for the downtime period for the baseline emission factor, and the highest measured by-
product rate during the project activity will be applied for the downtime period for the campaign emission
factor.

Adjustment, calibration and maintenance:

The analysers need an adjustment (‘calibration’) on a regular basis (e.g. zero point: every 2 days). This
adjustment procedure is done automatically, and can be triggered manually from the operating console or
automatically on a time basis.

Since adjustment is done with test gases, it is essential that availability of test gases is ensured. ENAEX
instrument technician are responsible for the availability of test gas. Stock of test gases will be controlled
regularly, and spare supply is made available in proper time. Test gas consumption is approximately one
cylinder per year of each type of span gas, and two cylinders per year of zero gas (nitrogen 99.999 %). A
detail specification for the various test gases to be used will be available from analyser manufacturer.

The latest applicable European standards and norm (EN 14181) or equivalent standards, which prescribes
the features needed for Automated Measuring Systems need and how they are to be calibrated and
maintained, will be used as basis for the operating the monitoring system.

The European Norm EN 14181 stipulates three levels of quality assurance tests and one annual functional
test for AMS which are recommended to be used as guidance regarding the selection, installation and
operation of the AMS under the applied monitoring methodology.

The three quality assurance levels (QALs) are as follows:

1. Quality assurance of tested AMS. AMS will have performance certificate with calculation of
uncertainty before installation. The specific performance characteristics of the monitoring system
chosen by the project will be listed in the Monitoring Reports.

2. Quality assurance of installation and calibration of the Automated Measuring System according to the
Standard Reference Measurement Method (SRM) for concentration measurements, determination of
the measurement uncertainty/variability of the AMS and inspection of the compliance with the
prescribed measurement uncertainties. Such tests will be carried out by organisations that have an
accredited quality assurance system.

3. Continuous quality assurance through the local operator/manager (drift and accuracy of the AMS,
verification management and documentation).
a. Permanent quality assurance during the plant operation by the operating staff;
b. Assurance of reliable and correct operation of the monitoring equipment (maintenance evidence);
c. Regular controls as scheduled by the manufacturer (maintenance intervals);

In addition, annual functionality tests including SRM measurements to check for uncertainties in the data
measured by the AMS are planned. Such tests will be carried out by organisations that have an accredited
quality assurance system.
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Internal control process:

ENAEX will perform a visual inspection of system on a regular basis by the operating staff (e.g. once
every week). Such an inspection can give indications on oncoming problems and allow to be prepared for
them.

Data export from the data storage is to be done manually upon operational requests, but at least once a
month. Detailed instructions are given by the manufacturer.

Internal review of project performance and calculation of emission reductions will be executed by
ENAEX with the support of CARBON on a regular basis (e.g. daily).

Verification:
Quarterly verification is planed for this CDM project.

Uncertainties of measurement:

Analysers: The manufacturer specifies a relative accuracy of 1 % of the measuring range, assuming that
zero and span adjustment is performed regularly as requested in instrument documentation. The analysis
of N,O downstream of the EnviNOx®- reactor, in particular, requires a regular (e.g. every second day)
zero adjustment to achieve this accuracy.

This accuracy refers to the applied calibration standard, which again has an uncertainty. Best
commercially available test gases for calibration have an uncertainty of 1 %. So, using the gaussian law of
error propagation, the accuracy of the analysers is

2 2
&x_ (@j {@] =1,41%
C a g

where da/a = uncertainty of analyser and 6g/g = uncertainty of test gas.

Flow: The uncertainty of the mass flow measurement with the venturi tube is to be calculated with the
formula given in ISO 5167-1:2003, chapter 8.2.2:

2 2 4 \2 2 2 2 2
o, oC o€ 205 oD 2 od 1{ oAp 1{ op,
== +| = + = + = = +=| —
q, C & 1-4 D 1-p d 4\ Ap 4\ p,
where
OC/C = uncertainty of discharge coefficient,
d¢/e = uncertainty of expansion factor,
dD/D = uncertainty of tube entrance diameter,
dd/d = uncertainty of throat diameter,
dAp/Ap = uncertainty of differential pressure,
dpl/ pl = uncertainty density.
B = ratio of diameters
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The uncertainty of the mass flow dqm/qm is mainly governed by the term 6C/C, which is to be assumed
to be 2 % according to ISO 5167-4:2003, chapter B.3.4, since the Reynolds number, at which the venturi
tube is operated, is above 2x10°,

The other factors contribute only little: 6e/e = 0,046 % acc. to ISO 5167-4:2003, chapter 5.8, 6D/D = 0,4
% acc. to ISO 5167-4:2003, chapter 5.2.2,, 6d/d = 0,1 % acc. to ISO 5167-4:2003, chapter 5.2.4, SAp/Ap
= 0,075 % acc. to manufacturer’s specification, dpl/ pl = 0,14 % acc. to manufacturer’s specification.
Numerical evaluation of the formula above results in a total uncertainty of the flow measurement of 2,049
% of the actual value.

The amount of N,O and NOy which is destructed by the EnviNOx® - system is calculated by subtracting
the mass flows of the respective components downstream of the reactor from those upstream. The mass
flows themselves are obtained by multiplying the measured concentration with the tail gas flow rate
(described in more detail in the operating manual).

Since concentration and flow rate are independent variables, the total uncertainty of these destruction
rates is to be calculated by using the gaussian law of error propagation, as described above.
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Annex 6

Resolucion: Comision Regional del Medio Ambiente de la II Region de Atofagasta, Gobierno de
Chile

Resolution: Environmental National Commission of the II Region of Antofagasta, Republic of Chile

e
IR AR
RESOLLCION EXENTA N 0030 :2007.
Antafagaats, 26 de Marzo de 2007,

MIETOS ESTOS ANTECEDENTES:

f,  La Dadoradtn de Impacka Amsienial, su Adenda y
al Acta @ | reunidn efectuaca en fecha 14 de Marzn da 2007, del Proyecta "Reduccidn da
emisignes do Gxido de nitross en &l gas =le =als de |a planta de dcido nitriza PANNA 37,
oresertada por el Seflor Carilo Sandoval Gooet en represantackan dg ENAEX S.A., ton fecha
26 de Enero de 2007,

2 las obssvaciongs ¥ prouaciamionios de las
Crganos de la Admiistracion del Esteco gue, sotve (0 base oo sus fRcuRRgas fegales ¢
airibuciones, pariciparon an fa evaluacin de fa Declaracian o Impsse Ambiamal, las cuakes
a Gantisnen en los sigulanies dooumenos

Oficdo W 154 potve la DA, publcado por SEREMI de
Wiiandz y Lirbanisma, Regién de Antefegaets, con facha DROQG007; Ofice N° 81 sckve la DA,
Publicada por lluste Muncipaidad de Mejilicnes, con fecha 130007, Ofico Me F1202007
sobre la DiA, putiioada jpar Direccibn Reghanal SERNAGECOMIN, Regitn de Antofapasta, can
fecha 13M2RA007T, Oficio N* 148 sabre s DA, publicado por SEREM| da Otras Plblicas -
Regitn de Ariofagasta, con fecha 1SMIH00T, Oficie N° (28 sckre la DUA, publicade por
SEREM| de Salud, Regitn de Anlofagasts, con fecha 18033007, Ofico M* 282 sobre la 01,
Blbleade por Cirsccidn Regional do Viaidad, Rogidn da Aniclagaata, con fecha 180007,
‘Oficio N* 2857 sabre |& DIA, pubilcado por SEREMI de Tramspories y Telecomunicacianes,
Anglan de Antofagasts, con fechs 1BXI00T; Ofido M° 238 sobva ks Adanda 1, pubficada por
BEREMI de Vivienda y Urbanismo, Regitn de Antofagasta, pon facha 1803007, Oide [ 045
scbre |2 Adenda 1, pubicado por SEREMI de Salud, Regitn de Antcfagasta, con decha
1RDII0OT ¥ ol Olicia NF 47 que visa ol Actn de Ja reunidn edechuada en fecha 14 de Margy de
2007, publicado por SEREMI de Salud, Regitn de Antolagasta. con fecha J0XG2007.

e El Acts de la Sesidn Extracrdrara de la Comisién
Fiegianal dal Medc Ambienle d= la | Regitn de Astolagasia, de fecha 21 de marzo da 2007,

4 Les demds sniecedenies qus comstan en
eapedignie de evaluacion de mpacte ambisnal de la Declarac da Impacko Armbierisl del
proyecto "Reduccidn de emisiones de dxide de nitroso e el 1 de cala de la plara de
deile pitres PANNA 1"

& Lo cfapuesly en la Ley N° 18300 sabre Bases
1Generales el Medio Ambianie, el aticula 2* del 0.5, SR04 dal Minalarc Secrelaris Cenanal de
I3 Pragidencia, spruaba el teale refundide, coorditeds v eslamalizado de Reglamento ol
Bhisenn di Eealuncén do npedc Ambeeninl b Ley 15040 seabece Sases o= ks
Procedimiznios Adminsiratvos que rigen los aclos de los Ogenos de b Administrackin del
Ertada; Ia Rosalusitn N° 520005, qua Tja besls Refundida, Coordnads y Sistematzado de la
Peunlucién A 3552, ambas de la Contralos ja General de la Repiblisa; v las comas normas
aplicablas ai progecto.

CONSIDERANDO:

1. Que, o Comiitn Ragienal del Medio Amitiarts do
I8 11 Ragidn de Aniofagests debe welar por el cumplimisnio de todos los requisitos ambientaies
aplizables al Froyacto *Redescion de emisicnes de éxide de nitresa en of gas de cola de s
planta di dcide nitizo PANNA 37,

. Oue o cereong de ENAEX 5.4, 8 emprander
actividedes, estd sj8lo o cumphmiente ssliclo de todss aguellas normas juddicas vigem
referidas a la projecd én def medio ambieni= ¥ los condiciones bajo 5 cuaks 58 sedslacediE™ 5
regnitas Aplcabie A loa parmisces amblantaas saclanalas que deban clorgar ks Crgants de,

I Administraciin del Estade. Y

STU RESIEN. TV FUTURA"

T Sin paruicia de Io anlercr, en casD Agino se
wnllnden olorgacas las Aulsiizationes y concedidsa las permisos da cardee aeciorial qua
deben emitr lax Crganas ds fa Adminisiranién dal Eslado can competencis ambiental,

o, Procedetd’ conkra la presenle rescluzin ko
siglentes racursas: a) Recurso ds Repouisitn yen subkidio Jerdrquico, qua se inlarpane ante
ta Comisign Reglonal del Media Amiticrig ™ Regitn, Antatagasts, denlro del plazo da 5 dias
contadus desde s noffigacitn v, b) Renrsa Jeminguico, cuando ne se deduzes meposicidn, qua
== inlerpane pam ante of Director Ejacutve de fa Comisitn Nazienal el Madio Ambnin,
daniro dél plazo de 5 dias conlades desde su natMcacien Lo anlercr, sin peduida de fa
Interposicidn de ofnes rasreo,

A
|
7

L
ﬂ .-L_:_'f_ -
B AN
Il
Comizsidn Regicnal dal Medio Amblers de la
T S—

1 Region oa A

PEREZ

misin REgknal del Medis Ambis
o gty ce Antofagasts

Disgribucitin;

Camiia Sandival Gelel

Direseitn Regional de Validad, Reghin da Ariciagesta
Direcdin Aegional SERMAGEOMIN; Regitn de Antolagasta
Direcdtn Zonal, S2C, Regidn de Anlofagasta

lustre Municipaidad de Majilores

SEREMI de Agricultura, Regitin co Antoiagesty

SEREMI d= Mingria, Ragitn da Arfaiagasta

SEREMI ca Cbrae Publicss, fimgitn de Artofagasta
SEREM| e 3alut, Regicn de Amiotagasta

SEREM| de Transpories y T 1 | Pagitn de i
SEREMI de Vhienda y Urbantsme, Regibn de Antofagesta

e
Expaciante del Proyects *Reducclén do amisiorss do dxids de nltross e ol gas de cols

du |3 planta e Selds nitrico PANNA 3°
Arcriva COMAMA |1, Region da Aniofagasta
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