TECHNICAL REVIEWERS’ COMMENTS

LRC-LXXII(73)-A: “Demonstration of Multipollutant Reduction Using a Lextran 3-in-1 Wet Scrubber”
Submitted by: Energy and Environmental Research Center; Request for: $67,200; Total Project Costs: $199,050; Project
Manager: Jay C. Almlie; Project Duration: 10 Months.

1. OBJECTIVES
The objectives or goals of the proposed project with respect to clarity and consistency with Industrial Commission/Lignite
Research Council goals are: 1 - very unclear; 2 - unclear; 3 - clear; 4 - very clear; or 5 - exceptionally clear.

Reviewer 12-01 (Rating: 4)

General and specific objectives are very clear. The general objective is to conduct pilot-scale combustion testing of the
Lextran 3-in-1 gas cleaning technology using lignite-fired flue gas conditions at the EERC. The work proposed is Phase
I. Phase Il, field demonstration of the technology, is not included in this proposal. The specific objectives are: 1) to
establish > 90% SOz removal across an ESP/wet scrubber and FF/wet scrubber, 2) to establish 60% to 90% NOx removal
across an ESP/wet scrubber and FF/wet scrubber, 3) to quantify the removal efficiencies of HCI and Hg across the
ESP/wet scrubber and FF/wet scrubber, 4) to characterize the SOz emissions, 5) to determine optimum operating
conditions, and 6) to compare Lextran with lime-based wet scrubber technology.

RESPONSE: Phase Il only mentioned in this proposal to convey to the LRC reviewers that a plan is envisioned for
advancing this technology to field demonstrations in North Dakota. However, the EERC is currently only interested in
objectively evaluating the Lextran technology relative to the claims made by the company, thus providing an objective,
scientific assessment of the technology’s applicability to North Dakota lignite power generation. We felt that any more
discussion of Phase Il intentions in this proposal would be have been presumptive and might have indicated a lack of
focus on the first evaluation steps.

The general and specific objectives are consistent with LRC & NDIC goals and objectives. An explanation relating
the proposal objectives and LRC/NDIC goals and objectives is not clearly shown in the proposal.

RESPONSE: We agree that an explicit linkage between project objectives and LRC/NDIC goals was not written. We are
happy that you agree that the project objectives match LRC/NDIC goals and objectives. We hope that the evaluation of
this technology will be successful, and that it will demonstrate an effective multi-pollutant control tool that ND power
generation utilities can cost-effectively employ to enable increased utilization of an important North Dakota natural
resource — lignite.

Reviewer 12-02 (Rating: 4)

Abstract talks about 99% SOxremoval, but best plan discusses targeting 90% SOz removal. Test plan and abstract should
match and some in industry are required to have >95% removal.

RESPONSE: Although Lextran claims a potential to remove 99% of SO,, irrespective of inlet concentration, the EERC
prefers to take a more conservative approach at this early stage of evaluation. We listed what Lextran claims is possible
in the abstract, then listed greater than 90% removal as an objective. As part of the test methodology, we will naturally
determine the maximum removal, but listed 90% as something we thought was an achievable goal. Some in industry are
required to have >95% removal, but the EERC felt the right approach was to declare goals of lower removal rates in a
proposal to evaluate such a new technology, then exceed the conservatively proposed evaluation target, if possible.

Reviewer 12-03 (Rating: 4)

The development of an economical and effective technology to achieve high removals of different emissions without
adversely affecting plant operations would be very valuable for utilities burning lignite. Such a technology should
assure meeting existing and anticipated regulatory requirements and be compatible with future control of COz2. In
particular a technology that is capable high removals of NOx, consistent with SCR performance is important for utilities
burning Fort Union lignite, because of the problems that have been demonstrated for SCR. 99% SOx removal is
consistent with the requirements of downstream CO2 capture and 98% reduction of mercury would be a very important



development for lignite burning coal plants.

2. ACHIEVABILITY

With the approach suggested and time and budget available, the objectives are: 1 - not achievable; 2 - possibly achievable;
3 - likely achievable; 4 - most likely achievable; or 5 - certainly achievable.

Reviewer 12-01 (Rating: 4)
Given the approach, time and budget presented, the objectives of the proposal are most likely achievable. The
capability and experience of EERC and EPRI are well known. The parties should successfully evaluate the specific

objectives.
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Reviewer 12-02 (Rating: 2)
Hard to determine how successful it will be without test data.

EERC RESPONSE: We agree with your assessment. Prior to submission of the proposal to the LRC, we had been
provided with only limited data. Lextran had informed us that this data has been obtained in pilot-scale testing, but we
had little additional information on the details of this testing. This data did show impressive levels of multipollutant
control. We hope to validate this data at the EERC with ND lignite.

As a result of your appropriate points regarding lack of data, Lextran has since provided us with additional data,
contained in the attached reports.

Reviewer 12-03 (Rating: 2)

Very little information is given about the company that is developing this technology, nor is any of its staff included in
the key personnel. Enough information should be given about this company and the staff that is working on developing
this technology so that a judgment can be made as to whether they have the capacity continue the development of this
technology to the point where it can be installed full-scale on a lignite-fired power plant.

Information on the technology, itself is very limited. The proposal claims that this technology has been demonstrated
for SOx/NOx/Hg capture, but no further information is given. It would be useful to know the kind of application where
the demonstration has occurred, at what scale and duration and whether any issues have been identified that need to be
addressed in order to achieve further application of this technology.

EERC RESPONSE: The EERC has been told that this technology is being installed at two locations in China. At
both locations, construction activities are being completed soon. As such, no data exists from these installations.
Lextran has shared with the EERC and with GRE several sets of test data that were developed in Lextran’s pilot-scale
facilities in Israel. This data is presented in the attached Lextran reports.

Ozone is proposed for oxidizing NO. Ozone handling poses several challenges and the release of ozone from the stack
would be problematic. An explanation should be give of why o0zone was selected vs. other potential oxidants and how
the ozone would be manage safely. There should be some discussion of whether there are other reactions that can
consume ozone instead of oxidizing NO and how these would be dealt with.

LEXTRAN RESPONSE: In order to oxidize NO, there are several chemical oxidizers, where Hydrogen Peroxide and
Ozone are the common ones. When using H202 as an oxidizer, high temperatures (above 660°F) should be applied for
oxidation. Furthermore, Ozone as an NO oxidizer is much more selective than H202. Ozone as an oxidizer can react
with NO, SO2, Hg and other materials that exist in the flue gas emitted. However, It’s known from literature that
oxidation of NO to NO2 is highly selective due to its rapid reaction rate (1.8E-14) compared with SO2 oxidation
(2.2E-22). Thus, it is expected that most Ozone will react with the NO. If Ozone will react with SO2 to oxidize it to
SO3, it will probably be transformed into sulfate using our catalyst (this is a reliable safeguard for any possible 03
spillover). We should measure the SO3 at the outlet of the scrubber and the aqueous phase should be checked for the
presence of sulfite as well. Regarding Heavy metal oxidation, it will help to capture it in our catalyst. Regarding the
Ozone handle and stack release, because Ozone is highly reactive, we assume that it will react/dissolve/decompose
before leaving the stack. However, an Ozone analyzer can be used for leakage detection.

Lastly, as to ozone handling, the procedure of using ozone is not from a stored reservoir which could have placed an
operational hazard. We use an ozone generator which produces exactly the 1 to 1 quantity required.

There have been several multi-pollutant control technologies proposed where high levels of SO2 and NOx removal have
been proposed. Generally, the NOx reductions have been disappointing; there should be more discussion of how this
process assures the desired NOx reduction.

Little information is given about the catalyst. A potential four year life time is cited for the catalyst. There should
be some discussion about the cost of catalyst make-up requirements and whether there are any environmental/health
concerns associated with the catalyst use or its disposal.



LEXTRAN RESPONSE: Four year lifetime refers only in the case of mercury capture, and that as well is a minimal
figure (we expect the regeneration period for Hg saturation to be longer). If referring only to SO,/NO, removal the
catalyst is used as a catalytic material and can be used without any regeneration. To the thus far collective data we
are of the belief that the shelf life of the catalyst is longer than 10 years, and we have guaranteed such in our
commercial deployments in China. Equally, the functioning lifetime of the catalyst is above 10 years.

The catalyst itself has no health issues as indicated in the MSDS.

As to regenerating the catalyst after it reached Hg saturation, Lextran is responsible for the leaching of the Hg out of
the decomposed organic catalyst. Therefore, the required volume for disposal is very limited (few ponds).

The process diagram shows two by-product streams. One is described as small particulate matter, but the nature of
this is not discussed or whether there is any catalyst present in this stream. The effect of varying particulate levels
entering the scrubber result should be discussed, particularly on whether this may affect catalyst losses.

LEXTRAN RESPONSE: The scrubber is not being used as a PM remover. Thus, we expect that the incoming stream
will comply with the local regulations (typically 50 mg/Nm3). The more PM is entering the scrubber the more sludge
will have to be filtered out, meaning more catalyst loss with the sludge and possible yield reduction.

Any environmental concerns with this material should be mentioned. The other stream is described as liquid fertilizer,
but it is not clear how would this stream would be processed to result in saleable fertilizer. Lime is proposed as an
alternative reagent to ammonia. If this is explored there should be some discussion of how the nitrate by-product be
dealt with.

LEXTRAN RESPONSE: We can say that process is well defined in the fertilizer production industry. It should be
adopted from this industry and either way, each region has its own specification. One of the thus far hard
confirmations the Lextran process enjoys is that the aqueous fertilizer and the crystalized derived fertilizer, Lextran
have received from all its pilots and commercial deployments have been sent to the agriculture faculty of the Hebrew
U. and has received highest clean bill of health as well as from other institute in the respective pilot countries.

The potential for secondary emissions such as 0zone and ammonia and how they would be handled should be
discussed.

3. METHODOLOGY

The quality of the methodology displayed in the proposal is: 1 - well below average; 2 - below average; 3 - average; 4 -
above average; or 5 - well above average.

Reviewer 12-01 (Rating: 5)
The quality of the methodology displayed in the proposal is well above average. EERC and EPRI are seasoned in writing

successful proposals. The general and specific objectives are clearly related. The specific objectives lead logically to
specific tasks and subtasks. The statement of work is clearly presented.
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EERC’s track record of qualifications and research activities is impressive.
Reviewer 12-03 (Rating: 4)
The approach proposed is suitable for the work considered and has proven effective in past test work.

Part of the test work is proposed adding ozone at different locations upstream of the scrubber to oxidize NO. There
should be some discussion of how good mixing of the ozone in the flue gas is assured and the role of ozone vs. the
process catalyst in oxidizing NO. Since the proposal places some emphasis on the role of the catalyst in oxidizing
NO, it is not clear why the ozone would be introduced to the system at different locations upstream of the scrubber
where the catalyst is.

EERC RESPONSE: As a result of the small internal diameter (4 inches) of the flue gas pipe used in the pilot unit at
the EERC, thorough mixing of ozone with the flue gas is ensured. The EERC has conducted numerous studies to
verify this. The function of ozone is to oxidize NO to water-soluble NO, that will be scavenged by the wet scrubber.
The catalyst emulsion will then further oxidize the dissolved NO, to NO; to drive the formation of nitrate.

Consideration should be given to monitoring ozone and ammonia at the PTC outlet as well as the Oz, CO2, CO, SOz,
NOx, HCI and SOs that are proposed.

EERC RESPONSE: Ozone and ammonia monitoring at the PTC stack were considered, but were rejected based on
cost. Although we agree that this would be valuable data, we were constrained by what the technology provider
could afford in test costs. We therefore focused on SO2/SO3, NOx, HCI, and Hg. We will be able to infer some
information on ammonia emissions from the SO3 measurements and the Hg measurements since these are wet
chemistry measurements.

4. CONTRIBUTION

The scientific and/or technical contribution of the proposed work to specifically address Industrial Commission/LRC
goals will likely be: 1 - extremely small; 2 - small; 3 - significant; 4 - very significant; or 5 - extremely significant.

Reviewer 12-01 (Rating: 4)

The proposal addresses several environmental rules presenting economic challenges for the North Dakota lignite
industry. If the proposed economic and environmental goals are achieved, then the contribution of the proposed work
could be very significant.

Reviewer 12-02 (Rating: 3)

Extremely significant if abstract is met; smaller if only goals are met.

Reviewer 12-03 (Rating: 4)

Should the work proceed as proposed and the results are as expected, this would be very important to lignite using
utilities as an option with good potential will be identified for successful long-term emissions management.

5. AWARENESS

The principal investigator's awareness of current research activity and published literature as evidenced by literature
referenced and its interpretation and by the reference to unpublished research related to the proposal is: 1 - very limited,;
2

- limited; 3 - adequate; 4 - better than average; or 5 - exceptional.

Reviewer 12-01 (Rating: 4)

Reference to published and unpublished research is limited in the proposal. However, the work of the organization and



PIs is well known. Review of U.S. Patent 6881243, “Method for removing acidic gases from waste gas” is a crucial
element in understanding the Lextran process. There exist prior demonstrations of the technology and existing installation
in the US and China. Results and information from these operations would be helpful.
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The PI has the EERC as support.
Reviewer 12-03 (Rating: 4)
The principal investigator demonstrates high awareness of emissions management issues and work that is occurring

elsewhere to deal with this.

6. BACKGROUND

The background of the investigator(s) as related to the proposed work is: 1 - very limited; 2 - limited; 3 - adequate; 4
- better than average; or 5 - exceptional.

Reviewer 12-01 (Rating: 5)
The individuals and organization have exceptional backgrounds.
Reviewer 12-02 (Rating: 5)

Again, EERC has an excellent track record supporting the ND lignite industry through research. EERC’s track record is
impressive.

Reviewer 12-03 (Rating: 4)

The principal investigator(s) have demonstrated a solid background in the proposed work. However, better definition
of the company developing the technology being investigated would be helpful.

EERC RESPONSE: Biographical information on the Lextran technical team is attached. Also, further information
on Lextran can be reviewed at http://www.lextran.co.il/Technology.html

7. PROJECT MANAGEMENT

The project management plan, including a well-defined milestone chart, schedule, financial plan, and plan for
communications among the investigators and subcontractors, if any is: 1 - very inadequate; 2 - inadequate; 3 - adequate; 4
very good; or 5 - exceptionally good.

Reviewer 12-01 (Rating: 5)

The elements of the proposal and SOW are exceptionally good.

Reviewer 12-02 (Rating: 3)

Test plan discussed one week of testing; project timetable shows 1.5 months. What else will be going on?

EERC RESPONSE: Although only one week of pilot-scale test operations is planned, data reduction, results
interpretation, and post-test analysis activities will continue for a few weeks after the test. The overall project is
conservatively scheduled to last up to 10 months. Reporting activities will occur during the post-test period. The
EERC always allows adequate time in proposed schedules for reporting and review of data and reporting by
participating entities.

Reviewer 12-03 (Rating: 4)

The project management plan is clear and appears achievable.


http://www.lextran.co.il/Technology.html

8. EQUIPMENT PURCHASE

The proposed purchase of equipment is: 1 — extremely poorly justified; 2 — poorly justified; 3 — justified; 4 — well
justified; or 5 — extremely well justified. (Circle 5 if no equipment is to be purchased.)
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Note: Reviewer 12-01 provided no comments.

Reviewer 12-02 (Rating: 4)

Not much equipment necessary.

Reviewer 12-03 (Rating: 5)

The proposed work of project will largely be performed with already available equipment.
9. EACILITIES

The facilities and equipment available and to be purchased for the proposed research are: 1 — very inadequate; 2 —
inadequate; 3 — adequate; 4 — notably good; or 5 — exceptionally good.

Reviewer 12-01 (Rating: 5)

The facilities and equipment available to the participant are exceptionally good.

Reviewer 12-02 (Rating: 4)

Have been used for other lignite testing effectively.

Reviewer 12-03 (Rating: 5)

The facilities and equipment proposed for this work is of high quality with a well-established track record.

10. BUDGET

The proposed budget "value"  relative to the outlined work and the financial commitment from other sources  is of: 1
-very low value; 2 - low value; 3 - average value; 4 - high value; or 5 very high value.

Reviewer 12-01 (Rating: 4)

The proposed budget is of high value.

Reviewer 12-02 (Rating: 4)

Above the min. 50% will be funded elsewhere.

Reviewer 12-03 (Rating: 4)

The proposed budget is consistent with other successful projects of this nature that have been supported by NDIC.
Page # IV-A-2-5
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sources — A minimum of 50% of the total project must come from other than Industrial Commission sources to meet the program
guidelines. Support greater than 50% from Industrial Commission sources should be evaluated as favorable to the application.




OVERALL COMMENTS AND RECOMMENDATION: Please comment in a general way about the merits and flaws
of the proposed project and make a recommendation whether or not to fund.
Reviewer 12-01 (Rating: FUND)

General comments: FUND
The strengths and merits of this proposal are:
| The experience and strengths of EERC and EPRI
| GRE is an experienced industry sponsor with excellent engineering capability
1 The technology is new but not “unproven”
| The technology offers the potential of significant economic and environmental rewards
"1 The proposal is carefully crafted
1 The proposal team is outstanding
| The proposal present clearly defined specific objectives, and
1 the standards of success are clearly defined measureable benchmarks

The weaknesses and flaws of this proposal are:

1 If successful the proposal carries an undefined Phase 1l with uncertain costs

"1 The technology if successful may mean coal, subbituminous or lignite but not necessarily ND lignite
| The “Lextran Catalyst” is of unknown or undefined composition, character, cost or availability

"1 The experience, results, data and status of the existing Lextran installations are not defined

LEXTRAN RESPONSE: Unfortunately, Chine licensee does not act very transparently and we do not have
performance data. This is a second reason why we seek US based pilot program.

"1 Industry commitment for Phase | and Phase Il

My greatest concern are: 1) lack of detailed information from existing installations, and 2) information on the
nature, availability and cost of the organic sulfoxide Lextran catalyst. With these concerns, | recommend the
proposal for funding.

Reviewer 12-02 (Rating: FUND)

Not much discussion of activity relating to Hg reduction. That is now an important issue. I hope the project target for SOz
removal is increased to at least 95% and believe as high as possible should be gone after for NOx reduction as well. |
recommend to fund.

Reviewer 12-03 (Rating: FUNDING MAY BE CONSIDERED)
The proposed work is high risk, high reward and relatively low cost and something that should be seriously considered.
Successful completion of this project would provide lignite-burning utilities an important option for successful long-term

management of its emissions, allowing the continued operation of lignite-burning power plants well into the future.
However, there are several questions/concerns that should be addressed before a funding commitment is made.
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Introduction

Lextran Ltd. is an Israeli company that is developing a technology to treat flue gas for
control of SO, NOx, and mercury emissions. This technology is based upon an organic
liquid (named Lextran) that is deployed in an aqueous emulsion in a wet scrubber. Flue
gas SO, and NOx are captured in the aqueous phase and recovered as saleable fertilizer
components (ammonium sulfate and ammonium nitrate). Lextran Ltd. envisions this
technology employed as a stand-alone scrubber in new plant installations or as a retrofit
to limestone-based scrubbers at existing plants.

Pilot tests conducted by Lextran Ltd. at diesel and oil-fired power plants in Israel indicate
greater than 99% removal of SO, and 50-85% removal of NOx. Laboratory tests
conducted by Lextran Ltd. with the Lextran material showed that elemental mercury was
captured by the organic phase. These tests were performed with a simple gas consisting
of elemental mercury in nitrogen.

The Lextran material was tested in URS Corporation’s Austin, Texas laboratories during
December 2003 and January 2004. The purpose of the URS tests was to evaluate the
ability of Lextran to capture elemental mercury from simulated flue gas and to
simultaneously remove SO, and NOx. The tests were conducted in simulated flue gases
containing the major acid gas components, at flow rates ranging from 0.85 to 1.9
liter/minute. The spent Lextran solution was analyzed for mercury concentration and
sulfate, nitrate, and ammonium ion concentrations in order to conduct a mass balance on
the scrubber system. The results from the URS laboratory tests are intended for use in the
preparation of larger-scale tests.



Testing Apparatus and Analytical Methods

The performance of the Lextran liquid was evaluated by passing simulated flue gas
through a contacting vessel that contained a known amount of the Lextran solution. A
series of parametric tests were conducted in which the gas residence time in the Lextran
solution was varied. The effect of residence time on mercury, SO,, and NOx removal was
studied. The treated Lextran solutions from selected tests were analyzed for mercury and
sulfate, nitrate, and ammonium ion concentrations. This section describes the testing
apparatus and the analytical methods employed in the investigation of the Lextran
solution.

Testing Apparatus

Simulated flue gas was mixed from a variety of compressed gases, using calibrated
rotameters. The dry simulation gas contained SO,, NO, NO,, HCI, CO,, oxygen, and
nitrogen. Moisture was added to the simulation gas by feeding dry nitrogen gas through a
water saturator, which was maintained at a predetermined temperature. Mercury was
added to the simulation gas in the elemental form by passing a portion of the dry nitrogen
gas makeup through a mercury diffusion tube (Hg®) maintained at a controlled, elevated
temperature. Figure 1 illustrates the simulated flue gas test apparatus.
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The gas contacting vessel was a deep-well impinger bubbler, shown in Figure 2. The
bubbler was filled with pyrex glass beads in order to enhance contact between the
Lextran liquid and the simulated flue gas. Two different-sized contactors were used. A
smaller contacting vessel held up to 90 mL of liquid, while a larger contacting vessel held
up to 150 mL of liquid. Changing the gas flow rate and/or liquid volume in the contactor
varied the residence time of the flue gas through the contactor. The contactor was
equipped with ports for insertion of a pH probe and configuring a gas-tight septum
through which ammonium hydroxide was injected for pH control.

Figure 2. Bench-Scale Gas Contacting Vessel.

Flue Gas Mercury Measurements

Mercury measurements were made using a semi-continuous mercury analyzer originally
developed by URS for EPRI, illustrated in Figure 1. Flue gas was sent from either
upstream of the contactor or from the contactor outlet through a gas treatment system
consisting of a series of impingers containing various solutions. Gas exiting the
impingers flowed through a gold amalgamation column where the mercury in the gas was
adsorbed at less than 100°C. After adsorbing mercury onto the gold for a fixed period of
time (typically 1-2 minutes), the mercury concentrated on the gold was thermally
desorbed (>700°F) from the column under a nitrogen purge. The desorbed mercury was
sent as a concentrated stream to a cold-vapor atomic absorption spectrophotometer
(CVAAS) for analysis. The total flue gas mercury concentration was measured semi-
continuously, typically with a 1-minute sample time followed by a 2-minute analytical
period.

To measure total mercury in the flue gas, the impinger solutions consisted of stannous
chloride (SnCl,) followed by a sodium carbonate (Na,COg3) buffer. The SnCl; solution
reduced all flue gas mercury species to elemental mercury. After passing through the
SnCl; impinger, the gas flowed through the Na,COj3 solution to remove acid gases, thus
protecting the downstream, analytical gold surface.



To measure elemental mercury in the flue gas, the stannous chloride impinger was
replaced with an impinger containing tris(hydroxymethyl)aminomethane (Tris) solution.
The Tris solution has been shown to capture oxidized mercury while allowing elemental
mercury to pass through without being altered. Mercury passing through the Tris solution
to the gold is analyzed as described above and assumed to be elemental mercury only.
The difference between the total mercury concentration (stannous chloride solution) and
elemental mercury concentration (Tris solution) is the oxidized mercury concentration.

Flue Gas SO, and NOyx Measurements

For the sampling of SO, and NOx, gas detector tubes were used; the flow rates used in
bench scale tests were insufficient for use of automated CEMs for performing these
measurements. The gas detector sampling method consists of collecting flue gas ina 1-
liter Tevlar bag and then pumping the collected flue gas through SO, or NOx gas
indicating detector tubes.

The NOx gas detector tube has interferences with many of the species present in flue gas;
therefore, NOx removal across the Lextran scrubber was tested with a stream of NOx in
nitrogen with no other acid gases were present. This test provided information about the
ability of Lextran to remove NOx from gas stream; however, it provided no information
about competition with other species for absorption by the Lextran liquid.

Liquid-Phase Measurements

The Lextran aqueous phase was measured for dissolved levels of sulfate, nitrate, and
ammonium ion by ion chromatography (IC).

The Lextran aqueous and organic phases were measured for mercury concentration using
standardized digestion/measurement methods. The organic phase was prepared for
analysis using ASTM D3684, which is the method typically used for analyzing coal
mercury concentration. A small portion (0.49) of the organic phase is combusted under
pressure in the presence of an absorbing solution (10% nitric acid). Upon sample
combustion, the mercury vaporizes and absorbs into the nitric acid. The absorbing
solution is recovered and analyzed with a Flow Injection Mercury System (FIMS). The
FIMS converts liquid phase mercury into the vapor phase and detects the mercury with a
cold vapor atomic absorption spectrometer.

The aqueous phase was mixed with water to obtain a 1:100 dilution and then digested
using EPA Method 7470; here, sulfuric acid, nitric acid, permanganate, and potassium
persulfate are added to the solution in order to unbind the mercury from the sample
matrix, oxidize it and hold it in solution. The digested aqueous phase was then analyzed
with the FIMS analyzer.

Bench Scale Test Procedures

The scrubber contactor was loaded with a known volume of the Lextran solution and
placed into a heated water bath (55°C). After allowing at least 20 minutes for the Lextran
solution to achieve thermal equilibrium, flue gas was passed through the contactor.
During the equilibration time, the mercury, SO,, and NOx concentrations of the inlet flue
gas were measured.



Tests were carried out in batch mode. The pH was monitored using a pH probe and meter
and was manually adjusted, as needed, by adding drops of ammonium hydroxide.

Tests were initiated by flowing simulated flue gas at a specified rate, ranging from 0.85-
1.9 L/min, across the scrubber contactor. The effluent gas stream then flowed through
heated lines to a semi-continuous mercury analyzer for analysis. The outlet total and
elemental mercury concentrations were monitored semi-continuously, with data points
generated approximately every 3 minutes. Each test was run long enough to obtain a
steady-state outlet mercury concentration for at least fifteen minutes (at least 5-7 data
points). These steady-state points were averaged to determine the removal efficiency of
the Lextran solution.

Once steady-state outlet mercury measurements were obtained, a grab sample of the
outlet flue gas was taken. The SO, and NOx concentrations in the outlet gas were
measured with gas detector tubes.

The simulated flue gas conditions tested are summarized in Table 1. Mercury

concentrations are not reported in this table, as they varied with the flow rate of the flue
gas. Because the mercury stream was maintained at a fixed flow rate, the mercury
concentration decreased as the flow rate of the simulated gas increased. At 1 liter/minute
of total flue gas flow, the mercury concentration was 26 ug/Nm?®. Flue gas flow rates and
corresponding mercury concentrations are provided in the results section of this report for
the specific tests.

Table 1. Flue Gas Conditions Tested

Species | Flue Gas | Flue Gas | Flue Gas Flue Gas Flue Gas Flue Gas
Condition | Condition | Condition | Condition | Condition | Condition
A B C D E F
CO; 0% 12% 12% 12% 12% 12%
H.O 7% 7% 7% 7% 7% 7%
0O, 5% 5% 5% 5% 5% 5%
NO 0 ppmy 0 ppmy 0 ppmy 0 ppmy 75 ppmy 75 ppmy
NO; 0 ppmy 0 ppmy 0 ppmy 0 ppmy 0 ppmy 75 ppmy
SO, 0 ppm, 0 ppmy 100 ppm, | 1400 ppm, | 2000 ppm, | 2000 ppmy
HCI 0 ppmy 0 ppmy 0 ppmy 0 ppmy 0 ppmy S ppmy
N> balance balance balance Balance balance balance

A separate set of tests were conducted for the purpose of determining how mercury
partitions between the Lextran and aqueous phases. For these tests, it was necessary to
accumulate sufficient amount of mercury in the Lextran liquid to enable detection by the
analytical method employed. The tests were performed with a flue gas elemental mercury
concentration of approximately 2300 ug/Nm3, which is two orders of magnitude higher




than typical coal-fired flue gas mercury concentrations, in order to build appreciable
levels of liquid-phase mercury; thus the higher concentration enabled a shorter run-time
needed to accumulate a detectable amount of mercury in the Lextran solution.

At the beginning of the mercury accumulation test, the outlet mercury concentration was
measured in order to confirm that total mercury removal was achieved at the high inlet
concentration. The test then proceeded for 1.5 hours. The scrubber was controlled at a pH
between 6.0 and 6.5 using ammonium hydroxide reagent. In previous tests, it was
determined that ammonia interferes with the operation of the mercury analyzer, so the
exit gas from the scrubber was sent to waste and was not analyzed for outlet flue gas
mercury concentration.

At the conclusion of the mercury accumulation test, the Lextran liquid was transferred to
a separation funnel. The aqueous fraction of the Lextran was collected and analyzed for
ammonium, sulfate, and nitrate ions by ion chromatography (1C). Both the aqueous and
organic phases were analyzed for mercury using the method described above.



Test Results
Scrubber Removal of Mercury

Two batches of Lextran liquid were tested for mercury scrubbing capacity. One batch
demonstrated near-complete removal of elemental mercury under a variety of test
conditions. The other batch, which was later determined to be an expired solution,
performed poorly with respect to mercury removal. The test conditions and results for
experiments conducted with these two batches of solution are described in this section.

Initial tests performed with a solution provided by Lextran showed initial elemental
mercury removal of approximately 50% from the simulated gas stream followed by
immediate breakthrough to 100%. Several different tests were performed with this
solution in an attempt to improve the performance including the following: (1) Increasing
the amount of solution in the bubbler, (2) increasing liquid-gas contact by adding glass
beads to the bubbler, (3) testing scrubber operation at room temperature, and, (4) testing
at 55°C. None of these efforts resulted in improved mercury capture. Lextran
subsequently determined that the originally sent solution had been used in other testing
situations and may have expired. This solution was subsequently sent back to Lextran for
analysis in order to further ascertain the cause of its poor performance.

A fresh Lextran solution was then received and the testing regime was repeated with it
(tests #6-11). The results of these tests are summarized in Table 2. Test #6 was begun
with 50 grams of pure Lextran organic phase. This solution was used in subsequent tests
#7, 8,9, 10, and 11. All tests were run with the contactor situated in a heated bath
maintained at 55°C.

The first test with the fresh solution was performed using a synthetic flue gas containing
elemental mercury in oxygen, nitrogen, and water (test #6). A mercury removal
efficiency of 99.7% was measured during the test. In the next test (#7), CO, was added to
the synthetic gas. Again, 99.7% removal of mercury was measured. The flow rate of the
flue gas was increased to 1.55 L/min (test #8), thereby decreasing the contact time
between the gas and the Lextran. Once again, high mercury removal was achieved
indicating good reactivity of the liquid. In tests #9 and 10, SO, was added to the flue gas
at two different concentrations, 100 ppm and 1400 ppm, respectively. In both cases, the
Lextran liquid removed at least 99.0% of the mercury in the inlet gas. For test #11, water
was mixed into the Lextran in order to form an emulsion typical of what is intended for
use in an SO, scrubber. The mercury removal remained at 99.0% with the addition of the
water. Inlet mercury concentrations for these tests ranged from 14 to 31 ug/Nm?®,
depending upon the flue gas flow rate. In each of these tests, the measured outlet
mercury concentration was below 0.4 ug/Nm3, with the majority of the data below 0.1
ng/Nmd,



Table 2. Mercury Removal by Lextran Liquid at Various Test Conditions

Test # Mass Mass Gas Gas Flow Inlet Hg" % Removal
Lextran Water | Composition Rate Concentration of Hg®

(9) (9) (see Table 2) | (liter/min) (ug/Nm?) (%)
6 50 0 A 0.85 31 99.7
7 50 0 B 0.85 31 99.7
8 50 0 B 1.55 17 99.1
9 50 0 C 1.90 14 99.7
10 50 0 D 1.90 14 99.0
11 50 12 D 1.90 14 99.0

In the previous tests, the pH of the Lextran was not controlled. The ability of the Lextran
emulsion to remove SO, and NOx from flue gas is a function of the pH of the emulsion.
The liquid should be maintained above a pH of 5.0 for appreciable acid gas removal.
Thus, for the next set of tests, the Lextran liquid pH was controlled by manually adding
ammonium hydroxide. The effect of pH on mercury scrubbing ability of the solution was
then measured.

For test #12 a fresh solution, composed of 15 g of H,O and 60 g of Lextran, was loaded
into the vessel and heated (and maintained) to 55°C. Flue gas composition E, which
contained 2000 ppm SO, and 75 ppm NO, was then prepared. The synthetic gas, which
contained approximately 26 pg/Nm?® mercury was then flowed across the vessel at a flow
rate of 1 liter/min.

The pH of the “fresh” (untested) Lextran solution was approximately 3.5. Prior to the
start of the test, ammonium hydroxide was added to the solution to increase the pH to
8.25. After twenty minutes of flue gas exposure, the outlet mercury concentration was
monitored. Figure 3 shows the outlet mercury concentration (represented by solid
diamonds on the plot) and pH (represented by open circles) as a function of time. From a
time of 20 minutes to 70 minutes, the outlet mercury concentration varied between 0.6
and 2.12 pg/Nm?®. These levels are higher than the outlet mercury concentrations
measured during testing when pH was not controlled. However, it still represents an
average mercury removal as high as 95%. During this period the pH fell from 8.25 to 4.5,
as acid gases were captured by the solution.

At a time of 70 minutes, ammonium hydroxide solution was spiked into the Lextran
solution to bring the pH up to approximately 7. Immediately upon spiking the solution
with the ammonium hydroxide, the outlet mercury concentration correspondingly spiked
to a high of 5.3 ug/Nm3. The mercury concentration quickly fell and returned to the
concentrations seen prior to the ammonium hydroxide spike.
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Figure 3. Mercury outlet concentration and pH variations with manual pH control
using ammonium hydroxide addition.

At conclusion of the pH control test, the integrity of the mercury analytical system was
checked by measuring the inlet mercury concentration. The measured values were half
the expected inlet concentration, indicating a loss of calibration of the gold amalgamation
column. The mercury flow was diverted to a waste stream, and the analytical system
responded quickly, returning to a zero baseline concentration. This result indicates that
the system was able to detect the presence of mercury in the flue gas, but it was not able
to provide guantitatively accurate values of mercury concentration. This behavior was
further verified by the poor recovery of calibration spikes of elemental mercury into the
flue gas.

The mercury analytical system had remained within 10% of calibration for the first two
days of testing with the Lextran material. It was only upon introduction of ammonia into
the scrubber that the analytical system lost calibration. The corruption of the (analytical)
gold surface by ammonia has been documented in previous tests involving SCR systems
employing liquid ammonia addition. However, mercury measurements have been
successfully performed on other processes employing ammonia. The effect of ammonia
on the mercury analytical system is not well understood, and at this time cannot be easily
predicted.

The gold amalgamation column was cleaned and subsequently re-calibrated successfully,
and the Lextran scrubbing tests proceeded. Additional investigations of the effect of
ammonium hydroxide on the mercury scrubbing performance of Lextran liquid were



desired. In an effort to prevent corruption of the gold amalgamation column,
modifications were made to the testing procedure. First, a bubbler containing 0.1 N
sulfuric acid was placed downstream of the analytical stannous chloride impinger. It was
believed that the sulfuric acid would capture any evolved ammonia gas, thereby
preventing it from reaching the gold amalgamation column. Secondly, it was decided to
add the ammonium hydroxide slowly enough to keep the pH of the Lextran solution
below 7.0. It was thought that as long as the Lextran solution was kept slightly acidic, the
injected ammonium hydroxide might not break through the solution.

The next set of tests was performed with an increased liquid volume and decreased flow
rate in order to increase residence time. Increased residence times are necessary for SO,
and NOx removal. The Lextran solution was composed of 120 grams of Lextran liquid
and 30 grams of water. The gas flow rate was 1.1 liter/minute. Gas composition F, which
included 2000 ppm SO, 75 ppm NO, 75 ppm NO, and 5 ppm HCI, was used.

After the reaching equilibrium, ammonium hydroxide was added to the Lextran scrubber
until the pH reached 5.4. No mercury release from the scrubber was observed during this
procedure. The pH was allowed to fall to 4.0 during flue gas exposure, then another spike
of ammonium hydroxide was added to increase the pH to 6.35. The outlet mercury
concentration increased from 0.5 to almost 2 ug/Nm? as shown in Figure 4. However, this
increase in outlet mercury concentration was smaller than seen in the previous test. The
pH was allowed to fall to 5.5, and then ammonium hydroxide was spiked into the
scrubber to bring the pH to 6.4. No corresponding increase in outlet mercury
concentration was observed.
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Figure 4. Mercury outlet concentration and pH for slower addition of ammonium
hydroxide.



Although analytical difficulties were encountered when ammonia was present in the
system, test results appear to indicate that the addition of ammonium hydroxide to the
Lextran solution can cause an increase in the scrubber’s outlet mercury concentration. It
is unclear whether the increase in the outlet mercury concentration is attributable to
temporarily reduced scrubbing efficiency or due to a release of mercury captured in the
Lextran solution. Addition of the ammonium hydroxide in a slower and more controlled
manner may reduce or eliminate this problem. Because the addition of ammonium
hydroxide was performed by hand with a very concentrated solution, the behavior
observed in the laboratory may not be indicative of the behavior that might be seen in a
full-scale application with appropriate controls and feed systems.

SO, Scrubbing Ability

The SO, scrubbing ability of Lextran was measured during tests #12-15, described above.
The SO, concentration of the inlet gas was 2000 ppm. The ability of Lextran solution to
scrub SO, increased with increasing pH of the emulsion. A 20% water solution was
tested at two different residence times. The results are summarized in Table 3. At an
approximate pH of 4.5, approximately 62.5% of the SO, was captured. Addition of
ammonium hydroxide to raise the pH resulted in higher SO, removals. In the pH range
between 4.9 and 5.9, 95-96.5% of the SO2 was removed. At pH above 6.0, the outlet SO,
was undetected with the gas tubes, indicating greater than 99.5% removal.

Table 3. SO, Scrubbing Results

% SO, Removal
pH Flow Rate =1 Ipm Flow Rate = 1.1 Ipm
Emulsion Mass = 75 g Emulsion Mass = 150 g
4.55 62.5%
4.90 95.5%
5.65 95%
5.90 96.5%
6.20 >99.5%
6.25 >99.5%

NOyx Scrubbing Ability

The ability of Lextran to scrub NOx was evaluated using a synthetic gas composed of
NO, NO,, and nitrogen. The other flue gas components were not included because of
their interference with the gas detector tube (analytical) method. The flow rate of the gas
stream was 1.1 liter/min, and the solution was composed of 150 grams of a mixture
containing 20% water in Lextran solution. The pH was maintained between 6.1 and 6.4
for these tests.

Two relative concentrations of NO and NO, were tested. In the first case, the gas was
composed of 40 ppm NO, 100 ppm NO,, and nitrogen. The Lextran solution scrubbed




70% of the NOx from this stream. In the second case, the flue gas contained 70 ppm NO
and 70 ppm NO,, and the Lextran solution scrubbed 40% of the NOx. In both tests, the
amount of NO, removed from the flue gas was very near the percentage of NO, as NOx
in the gas. Speciation of the outlet gas was not possible with the gas detector tubes.
Further tests would be needed to determine whether the Lextran solution removes
primarily NO, (by solvation) or whether NO is also removed.

Mercury Partitioning between Aqueous and Organic Phases

As described in the Test Procedures section, a known amount of mercury was loaded into
a Lextran emulsion. The emulsion was separated into aqueous and organic phases by
allowing the solution to settle in a separation funnel. The goal of the experiment was to
determine the quantity of mercury in the aqueous phase and the quantity of mercury in
the organic phase.

Two mercury loading experiments were performed using two identically prepared
Lextran solutions and identical procedures. These two experiments are called L1 and L2.
A water-only scrubber was also tested as a baseline case. Neither Lextran emulsion
separated neatly into the aqueous and organic phases. In both tests L1 and L2, a clean
organic phase formed, with an inter-phase above it. The inter-phase appeared to contain
both aqueous and organic phases. In experiment L2, a small amount of inter-phase was
also present on the very bottom of the separation funnel. It was necessary to centrifuge
the inter-phase at high speed for twenty minutes in order to obtain a sufficient quantity of
aqueous phase for analysis. Even after the centrifuging, a significant portion of the inter-
phase material remained.

The extracted aqueous phase and the organic phase were analyzed by URS for mercury
content. The samples were digested and prepared according to the methods outlined in
the Test Procedures section. The purpose of digesting the sample was to release the
mercury from the sample matrix and solvate it into the aqueous phase.

As part of the quality assessment procedures, a known amount of mercury was spiked
into the aqueous solution after the dilution but before the digestion step. This spike serves
as a check for the presence of any interference between the sample matrix and the
analytical system. The measured amount of mercury in the spiked samples was
significantly lower than the actual spike amounts. Subsequent spiked digested samples
were analyzed, with even lower recovery. Once the Lextran solutions were allowed to
clear the FIMS system, the detection of mercury returned to normal. This behavior
indicates that the Lextran sample matrix interferes with the ability of the AA to detect
mercury. Additional analytical development will be required to quantitatively
characterize the mercury levels in the Lextran liquid.

lon Balance

The aqueous phases from the two mercury loading experiments were analyzed by ion
chromatography (IC) for the concentrations of ammonium, nitrate, and sulfate ions.
These measurements were compared to the amount of SO, and NOx in the inlet flue gas
that passed through the Lextran emulsion during the mercury loading experiments. An
experiment using only water was run in the same manner as the Lextran emulsion loading
experiments. The water blank results are provided for comparison.



Table 4 compares the IC measurements to a mass balance for the sulfate ion. The
theoretical sulfate value represents the amount of sulfate ion that would be present in the
aqueous phase if 100% of the SO, was captured. The theoretical concentration is
calculated as the mass of sulfate ion passed through the system divided by the starting
amount of water in the emulsion.

The aqueous phases L1 and L2 had nearly the same sulfate concentration, approximately
14000 ppm. However, the analyzed aqueous phase contained only 70% of the theoretical
sulfate. Likewise, the water blank contained 76% of the expected sulfate. The pH of the
Lextran emulsion and the water blank was maintained between 6.0 and 6.5 for the
duration of the loading experiment. In this pH range, it is expected that the Lextran
emulsion would remove greater than 95% of the SO, from the inlet flue gas. The missing
sulfate may be present in the inter-phase. Alternatively, some of the sulfate may have
partitioned to the organic phase. Neither the inter-phase nor the organic phase was
amenable to IC analysis due to their organic matrix.

Table 4. Mass balance analysis of sulfate ion.

Sample Measured SO~ Theoretical SO,~ | Percent Recovery
[Ppm] [Ppm]
(assumes 100% capture)
L1 14758 20700 71
L2 13760 19700 70
Water 4549 6000 76

The results for the nitrate ion mass balance analysis are shown in Table 5. The nitrate
concentration was almost four times higher for aqueous phase L2 than aqueous phase L1,
while the ammonium concentration was lower in L2. However, the sum of the nitrate and
ammonium ions for L1 and L2 are approximately equal (Table 7), indicating that some of
the nitrate ion may be reduced to ammonium ion. The reduction of the nitrate ion would
further explain why the measured nitrate concentrations are significantly higher than the
theoretical nitrate concentrations. These results were not seen for the water blank sample,
further indicating that the Lextran organic may facilitate transformation of ammonium
ion to nitrate ion.




Table 5. Mass balance analysis of nitrate ion.

Sample Measured NOs”~ Theoretical NOs* | Fractional Recovery
[ppm] [ppm] (assuming 100%
(assumes 100% capture) capture)

L1 1291 940 137

L2 4536 890 510
Water <100 270 <40%

Table 6. Analysis of nitrogen species.
Sample Measured NOs~ | Measured NH;* | NOs* + NH,*
[ppm] [Ppm] [Ppm]

L1 1291 8215 9506
L2 4536 5563 10099




Conclusions

The results from bench-scale tests performed by URS indicated that the Lextran product
is capable of achieving high removal levels of elemental mercury and SO,, and
appreciable removal of NOx from synthetic flue gas. The Lextran solution was tested
under a range of gas flow rates, liquid volumes, and acid gas concentrations. The material
was tested as pure Lextran and as a mixture of Lextran and water. The elemental mercury
scrubbing efficiency was greater than 99% in all tests except when ammonium hydroxide
was added to the solution; the mercury scrubbing performance decreased slightly, but
was still greater than 95%, when the system pH was controlled with ammonium
hydroxide.

Gas-phase measurements indicated that the Lextran process liquid possesses a high
capacity for mercury, enabling long-term removal to be achieved. Mass balance results
for mercury are not available at this time due to analytical interference associated with
the Lextran matrix. An alternate analytical technique is being investigated as a viable
means to quantify of the Lextran liquid mercury levels.

The SO, removal by the Lextran liquid was a strong function of pH. At pH greater than
6.2, more than 99.5% of the SO, was removed from the flue gas. At pH below 5.0, the
SO, removal was less than 60%. The NOx removal was strongly dependent upon the
relative speciation between NO and NO; it the flue gas. In the two experiments that were
run, the NOx removal percentage was approximately equal to the percentage of NOx as
NO,. Liquid-phase analyses indicated that the amount of sulfate present in the aqueous
phase was approximately 70% of the SO, introduced to the emulsion via the flue gas.
Because the pH of the emulsion was maintained above 6.0, greater than 95% SO,
removal should have been achieved. The “missing” sulfate may be in the organic fraction
or more likely in an inter-phase that was present upon separation of the emulsion. This
inter-phase possessed a mixture of organic and aqueous characteristics.

The nitrate concentrations measured in the aqueous phase were higher than expected, and
the ammonium ion concentrations were lower than expected. For the two experiments
that were run, the sum of the nitrate and ammonium ions were approximately equal. From
these data, it is postulated that the Lextran may facilitate a transformation between the
nitrogen species.

The results of this study suggest that the Lextran solution may be a viable option as a
multi-pollutant control for coal-fired flue gas applications. The liquid is able to remove
very high levels of insoluble elemental mercury from flue gas for extended periods of
time. This may provide substantial improvements for wet absorbers that currently
remove no elemental mercury or that suffer from mercury re-emissions. Additional tests
are warranted to further evaluate the capacity of the Lextran liquid under more realistic
gas and scrubber conditions, or in actual flue gas.
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1.

Summary

Lextran pilot plant was operated at CET Govora power plant during the period starting in
29.6.09 and ending in 9.7.09 including a continuous test run of 72 hours. The pilot was
operated by a combined team of Lextran (A. Tager, R. Tkach, U. Barlevav, H. Sterenfine)

and of Ludan SRL people (Zoltan Bartha and Octavian Stanculescu).
This operation had the following primary targets:

v' To demonstrate the capabilities of Lextran process in reducing SO, concentration in

the flue gas of Lignite fired boiler.
v" To collect process data for design of a commercial plant at CET Govora.

v" To produce a representative quantity and quality of the process byproduct for testing

its suitability as an aqueous ammonium sulfate fertilizer.

v' To identify any problems which need special consideration in the detailed design of

the commercial plant to be installed in CET Govora.

A secondary target of the testing campaign was to demonstrate NOx reduction capability

which may be of future interest for CET Govora.
All the targets were fully fulfilled.

SO, concentration in the flue gas, as measured by Lextran’s gas analyzer, was reduced
from 5,330 mg/dNm? to 60 mg/dNm? (90 mg/dNm?® corrected to 6% O,). This value is lower
substantially than the required value of 200 mg/dNm?® and corresponds to 98.9% removal
rate. This was substantiated by the measurements taken by CET Govora’s gas analyzer and
by the measurements of a local independent third party assigned by CET Govora. Please

see attached Appendix 8.1 DeSOx results.

In addition to SO, reduction the limited number of tests conducted for NOx reduction, which
were not part of the 72 hours test, demonstrated an ability to reduce NOx concentration.

Please see attached Appendix 8.2 DeNOx results.
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2. System Description

The system is presented in the drawings in the following pages.

A slip stream of 40 — 70 am*/h was drawn from boiler No 5 by ID fan (N° 2) installed at the
outlet of the system.

Hot flue gas is filtered from fly ash in a bag filter (not shown) and then passes through a 6
kW heater which is used for NO oxidation by reaction with 30% hydrogen peroxide.

Flue gas is contacted in countercurrent flow with the scrubbing liquid in a 6” absorption
column. The column (N° 1) is packed with two 1.2m sections of 1”/2 IMTP random packing.

Circulation pump (N° 3) provides the required flowrate of the scrubbing liquid (emulsion of
water + Lextran catalyst).

The pH of the scrubbing liquid is controlled automatically by addition of 25% aqueous
ammonia (parts 10, 4 and 6).
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3. Process Operating Parameters

The following values are the calculated average figures of the main operating parameters of
the pilot plant during the 72 hours continuous run.

- Flue gas flowrate: 43.6 am?/h.

- Absorption liquid flowrate: 0.9 m*/h.

- pH of the absorption liquid: 6.3

- Pressure drop on the absorption column: 75 mmWC.

4. Flue Gas Properties

The following values are representative of the flue gas properties:
- Flue gas temperature: 150°C.

- Flue gas humidity 30-45%.

- O, concentration: 10-12%.

- CO, concentration: 7.4%.
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- Pollutants

The average values of the pollutants’ concentrations in the flue gas before treatment
are as follows:

Measured concentration Normalized concentration to

Pollutant
(mg/dNm®) 6% O, (mg/dNm?®)
SO, 5,343 (note) 7,810
NO 123 179 < 250 (required
emission value)
NO, 3 5
NOXx expressed 181 270
as NO,
(0{0) 65 96
Particulate 115 168
matter

Note: For protection of the gas analyzer it was disconnected before reaching a
stable reading value.
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5. Test Results

5.1 The 72 hours continuous test yielded the following averaged results.

Pollutant Measured concentration | Normalized concentration to
(%v/v or mg/dNm®) 6% O, (mg/dNm®)

O 109 | e
SO, 63** 90
CO; 81 | e
CO 85 126

Particulate was not measured | @ -memmeeee-

matter

** Excluding few exceptional measurements SO, outlet average is 36mg/dNm?

5.2 Since the standard method of particulates concentration measurement is a gravimetric
method it was not measured during the test.

5.3 Ammonia concentration in the outlet of the Lextran system was measured by Drager
tube and found to be 0-4 ppm. This value is lower than the allowed emission value for
ammonia.

5.4 The absorption of SO, yielded aqueous solution of ammonium sulfate whose density
was 1.140 g/cm®. This value corresponds to concentration of about 27% ammonium
sulfate in water.

6. DeNOx Results

6.1 The average normalized NO outlet value is 179 mg/dNm?>. It means that right now
DeNOx is not required.

6.2 By injection of 30% H,O, (Hydrogen Peroxide) to the flue gas at an average
temperature of 240°C we oxidized part of the NO into NO,. The average DeNOx value
is 56% - please see attached Appendix 2.

6.3 Commercial plant will be equipped with the necessary equipment for DeNOx. Injection
of H,O, to reduce NO will be optional decision of CEt Govora management.

7. Fertilizer By-Product

7.1 Commercial Installation of Lextran technology for boiler C-7 will produce 17,910 kg/hr of
Ammonium Sulfate solution containing 40% solids. This plant will consume 7,370 kg/hr
25% Agqueous Ammonia.
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7.2 The by-product should be crystallized into a free flow solid.

7.3 The phase separation between the organic catalyst and the aqueous phase (fertilizer)
was done manually. To avoid solid sedimentation and SOx emissions the by-product
was changed with fresh water ahead of time and solid concentration reached 27%. In
commercial plant the process is fully automatic and controlled and solid concentration
will reach 40%.

7.4 Prof. Emeritus Uzi Kafkafi Email; kafkafi@agri.huji.ac.il

Phone: 972-54- 8820131 Fax: 972-8-948-9899

Analytical analysis of experimental run of Lextran Proces in CET Govora Romania

The solution was bought for analysis to the credited Amino lab in Rehovot. Their lab reports are
attached.

They identified 57.793 g per liter of N in ammonium form as determined by Kjeldhal method, in
the solution brought by Mr Sternfine from Romania.

From the experimental run in Romania, (See COAFILE attached), and they detected 273 g per
liter of solids in that solution.

From these data it is possible to calculate the percentage of nitrogen -N in the solid which is:
(567.793/273)* 100=21.17% N,

This value is exactly the percent of N present in commercial ammonium sulfate fertilizer.

| expect that proper crystalization of such a solution will produce an ammonium sulfate fertilizer
with the composion formulae (NH,),SO, that is a well known commercial N fertilizer. It should be
noted that although in commercial markets the ammonium sulfate fertilizer is sold as an N
fertilizer, it is containing also sulfate that is used by plants and is known as a "secondary
nutrient element" since it's uptake by plants is about 10 to 15% of the amount of N taken up by
plant. However sulfur is an essential element and have benefits to plant growth and production.
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APPENDIX-1

e SO, inlet (average) 5543 mg/m’.
e SO, removal was 98% (normalized to 6% O,), to 92 mg/m’.
o Distribution of SO, (outlet) results:

S0,=0 mg/m3; 39 measurements.

0<50,<20 mg/m?; 26 measurements.

20<S0,<50 mg/m3; 13 measurements.

50<50,<100 mg/m?®; 17 measurements.

100<S0,<150 mg/m3; 5 measurements.

$0,>150 mg/m?; 9 measurements.

e Average O, measured concentration was 10.7%
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APPENDIX-2

e NO inlet (average) 123 mg/m’.

e DeNO removal was 56%, 55 mg/m’.

¢ Distribution of NO (inlet) results:
0<NO<90 mg/m3; 14 measurements
90<N0<120 mg/m?; 29 measurements
120<NO<130 mg/m3; 18 measurements
130<N0<140 mg/m?>; 18 measurements
140<NO<150 mg/m3; 10 measurements
NO>150 mg/m?>; 13 measurements

¢ Distribution of NO (outlet results):
0<NO<30 mg/m?>; 2 measurements
30<NO<50 mg/m3; 4 measurements
50<NO<70 mg/m?; 5 measurements
NO>70 mg/m3; 4 measurements

e Average O, measured concentration was 10.7%
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° Aminolab Ltd. Analytical Laboratory Services

Sl % £ Main Branch: Weizmann Science Park, Ness-Ziona, Israel. Tel: 08-9303333, Fax: 08-9303300
e e North Branch: P.0O.B. 1033, Karmiel 20100, Israel. Tel: 04-9586916, Fax: 04-9582154
21/07/2009
Report No: C4993 R 1
To:
Mr. Haim Shtranfain
LEXTRAN LTD
Granit 6 Kiriat Aria
Petach Tikva 49130

Tel: 052-2341345, 08-6258300#263
Fax: haim@ludan.co.il/03-9182028

CERTIFICATE OF ANALYSIS

Aminolab No.:  30577.09-C Sample reception: 09/07/2009
Sample: Liquid 04/07 Order No: DOC3H-112
Sampled by: The Customer

Sampling type:  Random

Analyses Results:

Analysis Units Results Remarks
Total Keldhjahl Nitrogen mg/L 57793 -
Total Solids 105°C % 27.3 -
Total Suspended Solids 105°C mg/L <1 -
Analyses Remarks:
(-)=No remarks
Quality Assurance:
Analysis Method / Standard Remarks
Total Keldhjahl Nitrogen SM - 4500-Norg B a,b
Total Solids 105°C SM - 2540 B a,b
Total Suspended Solids 105°C SM - 2540 D a,b
Accreditations / Certifications:
The laboratory is accredited under ISO/IEC 17025 with standard operating procedures.
a. Aminolab is accredited to perform this analysis under ISO/IEC 17025 by ISRAC.
b. Aminolab has the recognition to perform this analysis by the Israeli Ministry of Health.
Analyzed By: Dina Brudner Signature:
Approved by: Dr. Zadok Shabi - Lab. Manager Signature:
Page 1 of 1

This certificate is valid only when it is presented in its complete format, and it is not permitted to extract part for inclusion in any
other document. The data presented accurately expresses the results for the sample received only. It is not permitted to use

Aminolab Ltds' name or its reputation in respect to the above - specified results, without Aminolab written consent.
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