[image: image1.jpg]o
8 0:: The Gold Standard
00 o | Premium quality carbon credits




[image: image6.png]



Univanich Lamthap POME Biogas Project
UNFCCC CDM Ref 2076
Gold Standard Ref GS458

GOLD STANDARD VER 

MONITORING REPORT

 Monitoring Period 

13-3-2008 – 31-1-2009

Version 5.1 October 2011
	SECTION 1.
	Project implementation in accordance with the Registered PDD

	SECTION 2.
	Compliance of the Monitoring Plan with the Monitoring Methodology

	SECTION 3.
	Compliance of Monitoring with Monitoring Plan

	SECTION 4.
	Data and calculation of greenhouse gas emission reductions

	SECTION 5.
	Gold Standard Monitoring Parameters


[image: image5.jpg]\

CARBONBRIDGE




Prepared by Carbon Bridge Pte Ltd

SECTION 1 
Project implementation in accordance with the Registered PDD
The CDM project activity has been implemented and operated as per the registered PDD, summarized as follows:
	Title of the project activity:
	Univanich POME Biogas Project



	CDM Registration Number:
	2076

	CDM Registration Date:
	01 February 2009

	Methodology applied to the project activity:
	· AM0022v4 - Avoided wastewater and on-site energy use emissions in the industrial sector 

· Tool to determine project emissions from flaring gases containing methane - Version 1(EB28)
· AMS-I.D-v12 – Grid connected renewable electricity generation (using ACM0002v06 for ex-ante CEF)

	Implementation Status of the Project:
	The commissioning period for the CIGAR began in January 2008 and began full operation with electricity generation on 13th March 2008.  
The sludge settling pond started filling from August 2008 and the pipes and pumps were commissioned at the end of October 2008 because there was minimal build up of suspended sludge in the CIGAR (Covered In Ground Anaerobic Reactor) in the early months of operation.   The first volume of sludge was removed in late February 2009.
The settling pond recycle pipe was not installed until October 2008 and therefore the settling pond recycle flow rate meter was only installed at this time.
The second 952kW Guascor genset was installed in April 2009.

	Operation of the Project Monitoring period:
	The project commenced operation on 13th March 2008.
The monitoring period for this Monitoring Report is from CDM Registration 13th March 2008 – 31st January 2009 (both days are included).


	Short description of the project activity:
	Univanich Palm Oil Public Co. Ltd constructed a covered inground anaerobic reactor (CIGAR) at the Lamthap Factory in Krabi Province, Southern Thailand.  The CIGAR is a 46,000 m3 lagoon with a series of inlet pipes, baffles, gas extraction pipes and a thick cover of HDPE sheeting.  The biogas captured in the CIGAR is extracted in a large diameter pipe where it is stripped of condensation, dust, H2S and compressed treated with an H2S scrubber before being used to fuel a 952kW Guascor biogas engine and the electricity is sold to the Provincial Electricity Authority (PEA) and used onsite when the existing biomass generator was not operating.  The excess biogas is combusted in an open flare.  A second Guascor biogas engine was installed in April 2009
The wastewater is pumped from the factory, passed through a cooling tower/heat exchanger and delivered into a mixing tank and then pumped into the CIGAR. The effluent released from the CIGAR is recycled back or sent to a small settling pond where sediment is settled and returned to the CIGAR before the treated wastewater is pumped to the existing water treatment lagoons.  

Sludge from the bottom of the CIGAR was removed once in the period and used as fertiliser in the company’s nearby oil palm plantations with a depth of less than 1 meter.  No decanter cake was used during the monitoring period as the system was kept in balance during that period.



	Comparison of the actual emission reduction claimed in the monitoring period with the estimate in the registered PDD:
	The actual emission reductions in the period are 30,245tCO2e.  These are higher than estimated in the PDD due to higher wastewater volume produced per tonne of Fresh Fruit Bunches FFB processed at the Lamthap factory. The PDD was based on an estimate of wastewater per tonne FFB ratio of 50%, however the actual ratio of wastewater per tonne of FFB was considerably higher (63%).  This results in higher COD load to the biogas plant and higher volumes of biogas and electricity produced.



	Changes since last verification:
	This is the Initial Verification for this project.

No FARs were identified in the Validation Report.



	Responsible Entity for the preparation and submission of the Monitoring Report:
	Carbon Bridge Pte Ltd

contact@carbon-bridge.com


	Location of Project
	The project is located at 142 Moo 1 Tambol Toongsaitong, Lamthap District, Krabi 81120 Thailand.

7.99991N : 99.33034E


SECTION 2
Compliance of the Monitoring Plan with the Monitoring Methodology

The project applies the following Monitoring Methodologies:
· AM0022v4 - Avoided wastewater and on-site energy use emissions in the industrial sector 

· Tool to determine project emissions from flaring gases containing methane - Version 1(EB28)  
The table below shows a summary of the compliance of the Monitoring Plan with the Monitoring Methodology.
	PDD ID
	Monitoring Plan Parameter:
	Compliance with Monitoring Methodology?

	1
	POME flows entering system boundary
	Yes.

	2a
	POME flows leaving project treatment facility
	Yes.

	2b
	POME flows leaving project treatment facility, and being recycled back to CIGAR
	Yes.

	3
	POME organic material concentration entering the project boundary
	Yes.

	4
	POME organic material concentration leaving the treatment facility
	Yes.

	5
	Electricity generated from the biogas collected in the anaerobic treatment facility and consumed on site or sent the grid, less any electricity consumed by the biogas plant (5.b)
	Yes.


	5b
	Electricity used to operate the biogas plant 
	

	6a
	Surplus biogas sent to flare
	Yes.

	6b
	FVRG,h. Volumetric flow rate of the residual gas at normal (NTP) conditions in the hour h
	Yes.

	7
	Biogas sent to generator sets and used for electricity generation
	Yes.

	8
	Biogas methane concentration
	Yes.

	9
	Project emissions from flaring of the residual gas stream
	Yes.

	10
	Amount of chemical oxidising agents entering system boundary
	The monitoring plan specifies the unit of measurement as mg/L however the methodology specifies tonnes/m3 –however the unit conversion does not impact the value as it is a simple unit conversion to divide the value by 1,000,000.  

The methodology is inconsistent for measurement frequency - on page 21 it states " Regular samples will test for concentration of oxidising agents … ". Whereas on page 13 it mentions continuous monitoring.  Since tests for sulfates is a laboratory test, it is impossible to measure it continuously so the so the ‘regular samples’ on page 21 of the Methodology was followed and quarterly test was validated in the Monitoring Plan.

	11
	Gen set combustion efficiency
	Yes.

	12
	Flow of POME directly to the current water treatment system, and bypassing the new POME treatment facility
	Yes, however, the Monitoring Methodology specifies an ultrasonic level flow meter, however the Monitoring Plan has specified a magnetic flow meter.  This is because the bypass is not an open channel, but a pipe.  A magnetic flow meter is more appropriate in this case.
The bypass pipe was rarely used.

	13
	Loss of biogas from pipeline
	Yes.

	14
	Organic material removed from POME facility
	Yes.

	15
	Other flare operation parameters – Flame detector
	Yes.

	16
	Other flare operation parameters – pressure of biogas sent to flares
	Yes.

	17
	Proportion of methane emitted from covered lagoon
	Not required under either AM22v4 or Flare Tool. It was requested to be included by DOE during Validation.  


SECTION 3. 
Compliance of Monitoring with Monitoring Plan

The Monitoring Plan has been properly implemented and followed according to the Monitoring Plan of the registered PDD for the Project. This section outlines compliance of monitoring with the Monitoring Plan of the Project for the following aspects 
(i) Project emission parameters;

(ii) Baseline emission parameters;

(iii) Leakage parameters;
(iv) Management and operational system: the responsibilities and authorities for monitoring and reporting are in accordance with the responsibilities and authorities stated in the Monitoring Plan.

(i) Project emission parameters
The following parameters are relevant for Project Emissions:

	ID
	Data / Parameter:
	Compliance with Monitoring Plan?

	2a
	POME flows leaving project treatment facility
	Yes.  
The flow rate was measured continuously using magnetic flow meter.  The meter was calibrated at the time of installation and was checked annually as required by MP.

	2b
	POME flows leaving project treatment facility, and being recycled back to CIGAR
	Yes.  

The flow rate was measured continuously using magnetic flow meter.  The meter was calibrated at the time of installation and was checked annually as required by MP.

	4
	POME organic material concentration leaving the treatment facility
	Yes. The COD samples were tested daily and sent to an accredited laboratory weekly as required by the Methodology.  Tests were not conducted on days when the factory was shut down (eg Annual maintenance in early February) and there was no/little wastewater.
The monitoring plan specifies the unit of measurement as kg/m3 however the COD was measured in mg/L.  However the unit conversion does not impact the value as it is a simple unit conversion to dividing the value by 1,000.

	6a
	Surplus biogas sent to flare
	Yes. The biogas flow rate was monitored continuously, normalized for temperature and pressure.  The meter was calibrated at the time of installation and checked annually as required by MP. 
The Monitoring Plan states continuous monitoring, however the flow rate meter malfunctioned in 2008 and had to be replaced by the manufacturer.  The Thai supplier did not have a meter in stock and had to import from Germany, which took over 5 months.
During this period, the most theoretically conservative value possibly has been applied – zero – to both Equation 13 of AM0022v4 and to flare emissions.  Equation 13 requires the sum of all captured biogas to be deducted from the calculated baseline emissions, the lower value for captured biogas value, the higher the penalty deducted.



	6b
	FVRG,h. 
Volumetric flow rate of the residual gas in dry basis at normal (NTP) conditions in the hour h
	As above.
Yes.  However 1 hour out of the whole monitoring period was over the flare manufacturers specification of 650m3/h and therefore the total emissions from this hour were included as project emissions.  The flow rate meter was recalibrated annually since the project started even though the suppliers specification for calibration is every 3 years.

	7
	Biogas sent to generator sets and used for electricity generation
	Yes - The flow rate was measured continuously.  The meter was calibrated at the time of installation and was checked annually as required by MP.   There were short intervals when the gas flow sensor was damaged (9th August – 3rd September 2008) and in the beginning (13th – 30th March 2008) when the gas sensor was not yet installed correctly. At these times, the average ratio of Nm3/MWh (lower bound 95% Confidence level) was applied to the MWh to determine the biogas flow at that time.

	8
	Biogas methane concentration
	Yes - Values were averaged hourly. The inline methane analyzer was calibrated at time of installation compared to a known reference gas.  A new, calibrated methane analyzer also compared to a known reference gas was installed in January 2009.  The methane analyzer was cross checked on a quarterly basis with a hand held methane analyzer.  
However, there were problems with the inline methane analyser which meant it did not operate properly during the first half and other periods during the verification period. The analyser was replaced in January 2009. As a backup for the inline analyser, manual readings were taken with a hand held methane analyser 4 times per day.  During periods when the inline methane analyser was not working, the average of the manual readings was used for the day.  As the average of the manual readings was higher than the average of the inline readings, the hand held readings were used for the Flare Tool calculation.  For the conservative deduction via Equation 13 of AM22, the average of the inline readings was used as this was lower and therefore more conservative.

	9
	Project emissions from flaring of the residual gas stream
	Yes, see calculation tool.  However the Flare Tool could only be correctly applied from 25th August 2008, as there were periods when the biogas flowrate meter to the flare was not working (see6a above) or the data logger was not correctly connected to the data logger (see 15 below). Therefore during this period, the most theoretically conservative value possible is applied – zero – however the biogas flow to the flare has also been deducted via equation 13 from baseline emissions  (see 6a above).  This approach has been previously Verified by the CDM DOE and Certified by the CDM EB (when the issue of malfunction of flare monitoring equipment occurred during the CDM Monitoring Period 1-2-09 to 31-3-09).

	10
	Amount of chemical oxidising agents entering system boundary
	Yes.

Sulfates entering the existing lagoon system were measured in mg/L on a quarterly basis by accredited laboratory.

	11
	Gen set combustion efficiency
	Yes. Annual check of % fugitive methane emissions from the exhaust gas was undertaken to USEPA international standards.  

	12
	Flow of POME directly to the current water treatment system, and bypassing the new POME treatment facility
	Yes.  

The flow was measured continuously using magnetic flow meter.  The meter was calibrated at the time of installation and was checked annually as required by MP (The meter was installed in October 2008 and the annual check scheduled for October 2009).

	13
	Loss of biogas from pipeline
	Yes.  Annual test for pipeline losses was conducted by pressurizing the pipes and measuring pressure drops.

	14
	Organic material removed from POME facility
	Yes.  The location where the COD sample was taken was checked on a quarterly basis and confirmed that no removals of COD after the sampling location occurs (ie the COD sample was taken after the physical screen to remove solids entering the mixing tank).

	15
	Other flare operation parameters – Flame detector
	Yes. Flare detector operated continuously. However, the detector was not connected to the data logger and therefore no record of flame on/off was available – in addition when the flare detector was connected to the data logger, it was only logged at 10 minute intervals, which was insufficient to determine the flare tool flare efficiency in each hour.  These issues were resolved until the flare detector was connected to the one minute data logger on 25th August 2008.  In the cases when the flare detector was not working, but there was sufficient data for flow rate and methane to calculate the methane tool, then 0% flare efficiency was applied as the theoretically most conservative value possible.  The detector was checked on quarterly basis to ensure operating functioning correctly. 

	16
	Other flare operation parameters – pressure of biogas sent to flares
	Yes. The pressure of the biogas at the flare was tested quarterly and confirmed to be between 10mBar-100mBar. Two pressure gauges were installed to calibrate each other and confirm correct reading as calibration certificates were not issued for the small pressure gauges.

	17
	Proportion of methane emitted from covered lagoon
	Yes, daily perimeter check was conducted and leak noted in the Daily logsheet and repair undertaken.  However, a small error in PDD development shows the MP using incorrect terminology (meter not detector).  The Monitoring Plan specifies monthly calibration, however the detector was only checked monthly to confirm it was operating following procedures to confirm it was detecting biogas and working properly by testing it in known biogas conditions and not calibrated.  



(ii) Baseline emission parameters
The following parameters are relevant for baseline emissions:

	ID
	Data / Parameter:
	Compliance with Monitoring Plan?

	1
	POME flows entering system boundary
	The flow was measured continuously using magnetic flow meter.  The meter was calibrated at the time of installation and was checked annually as required by MP.

	3
	POME organic material concentration entering the treatment facility
	Yes. The COD samples were tested daily and sent to an accredited laboratory weekly as required by the Methodology.  Tests were not conducted on days when the factory was shut down (eg Annual maintenance in early February) and there was no/insufficient wastewater.

The COD results were reported in mg/L not kg/m3 however this is a simple unit conversion calculation to divide by 1,000 and does not affect the value tested.


	5
	Electricity generated from the biogas collected in the anaerobic treatment facility and consumed on site or sent the grid, less any electricity consumed by the biogas plant (5.b)
	Yes. Electricity was monitored as per the Monitoring Plan.  Regular maintenance of engines and generators was undertaken. 
The methodology and monitoring plan specifies this parameter to be measured in MWh, however the meter only reads in KWh.  Therefore the simple unit conversion was calculated by multiplying by 1000 to MWh. This does not affect the value of the reading.
The supplier of M1 &M4 electricity meters were not able to provide initial calibration certificates. Therefore, following EB 52 Annex 60 ‘Guidelines for Assessing compliance with the calibration frequency requirements’ calibration of M1 & M4 meters was completed after the Verification Period (December 2009).  The maximum permissible error for instrument M1 is 0.5% (RDG+FS) and the measured error reading for M1 was -1.12% measured on 12-12-2009; as the EB guidelines refer to +/- error, 1.12% error deduction was applied (highly conservative as the meter was in error making the reading lower, not higher).  The maximum permissible error for instrument M4 is 1% and the measured error reading for M4 was (-0.8% measured on 12-12-2009); therefore 1% error deduction was applied.
For the first 20 days the M4 meter monitoring electricity consumption by the biogas plant (5b) was not operating. To account for this lack of information, the highest daily reading of electricity consumption was used for this entire period.

	5b
	Electricity used to operate the biogas plant 
	

	10
	Amount of chemical oxidising agents entering system boundary
	Yes.

Sulfates were measured in mg/L on a quarterly basis by accredited laboratory.


(iii) Leakage parameters 

Not relevant as no leakage parameters are included in the Monitoring Methodology of AM22v4.

(iv) Management and operational system

The responsibilities and authorities for monitoring and reporting are in accordance with the responsibilities and authorities stated in the Monitoring Plan as summarized below:
Roles and responsibilities
The roles and responsibilities were assigned as per the PDD and the procedures outlined above.  As there were delays in the CDM Registration of the project and associated confirmation of the Monitoring Plan, the internal audit procedure has not been conducted and the laboratory quality control manager jobs were not assigned.  It will be conducted in 2009.  

Management Structure








Data processing and archiving
Measurements from the monitoring instruments are transmitted to the Fuji data logger through analog signals and viewed using PHR Data Viewer software.  These raw data files are converted to CSV and saved in excel spreadsheet format and then collated to the CDM Data Reporting spreadsheet (LBP008).  Measurements for the Methane Flare Tool (necessary every 1 minute or 10 minutes) are transmitted to the Brainchild data logger through analogical signals and viewed using Historical Viewer software.   These raw data files are converted to CSV file and transferred to the Flare spreadsheet.  

The manual readings for wastewater analysis and electricity meters are recorded in daily forms and entered manually into the CDM Data Reporting spreadsheet (LBP008).  

The LBP008 and the OMM Report is prepared and sent to Management and CDM advisor.  

The Raw electronic data and electronic LBP008 files and OMM files are sent via disc every month to HQ to the IT Officer to save on a separate computer for backup.   Hard copies of the OMM Report are printed for archiving at the HQ in Aoluk.  All raw data and CDM reporting spreadsheets are transferred to a thumb drive and is saved on a separate computer at Univanich HQ by the IT manager in Aoluk.

Quality check of data and equipment

The monthly CDM Reporting Form (LBP008) and other forms are prepared by the Lamthap Biogas Supervisor.  Each month, the Factory Engineer cross checks the data with the raw data files and manual hand written readings before being finalised.  The full annual data set used for preparation of CDM Monitoring Report is quality crossed checked before final release.

On an annual basis, the wastewater and biogas flow rate meters and methane analysers are checked by the suppliers to ensure they are operating correctly.
Documented procedures and management plan
Procedures are documented in the Univanich Procedures and Monitoring Forms for the Lamthap biogas project (and intentionally similar to the other Univanich CDM biogas projects), as follows:
Flow Diagrams
	FD001
	Data Flow Diagram

	FD002
	Electricity Meter Diagram

	FD003
	Process Liquid and Gas

	FD004a
	Lamthap Biogas Plant Organization

	FD004b
	Lamthap Biogas Plant Roles and Responsibility


Procedure Instructions
	PD005
	Procedure for Wastewater,  Biogas volume and Methane Concentration data Collection

	PD006
	Procedure for COD Concentration data Collection

	PD007
	Procedure for Settling Pond Dissolved Oxygen data collection

	PD008
	Procedure for Electricity generate and Biogas plant consume  data collection

	PD009
	Procedure for Gas Leak Monitoring

	PD010
	Procedure for  Sludge Out load data collection

	PD011
	Procedure  for  Flare Tool flame on  Report

	PD012
	Procedures for Quarterly data collection (Sulphates, flare pressure, safety, confirm flame detector, calibrate CH4 sensor)

	PD013
	Annual Monitoring Parameters - genset combustion efficiency, pipeline leaks, checking all flow meters

	PD014
	Procedure for Monitoring Equipments Repair


Reporting Forms
	LBP001
	Waste water and Biogas Volume 

	LBP002
	Methane Concentration (%CH4)

	LBP003
	Wastewater Analysis Report

	LBP004
	Genset Data Report

	LBP004b
	Problem Form

	LBP005
	CIGAR Report

	LBP006
	Sludge Removal Report

	LBP007
	Flame on of Flare minute count Report

	LBP008
	CDM Work Sheet

	LBP009
	Quarterly Monitoring Parameters Report 

	LBP010
	Annual Monitoring Parameters Report 

	LBP011
	Operation and Maintenance Monthly Report (OMM Report)

	LBP012
	Monitoring Equipments Repair  Report 


Trainings
Training in the operation of the CIGAR and CDM monitoring has been undertaken in 2008 & 2009:
· CIGAR operation training - Waste Solutions (WSL) provided on the job training during the commissioning of the project January – March 2008. This included safety and CIGAR operation training.  Waste Solutions also provided training between 27th July - 4th August 2008 related to CIGAR plant operation.    
· COD operation and laboratory training – EnviScience Company, authorized supplier of HACH COD meter, conducted training of laboratory staff for the use of the COD Hach meter on 20th March 2008.
· Engine operation training - Guascor conducted on the job training for the operation of the biogas engines during the commissioning of the engines.

· CDM Monitoring Training - After the CDM project was submitted for Registration to the CDM EB, Carbon Bridge conducted training on data monitoring and recording procedures in October 2008.  Additional training and review was provided in November 2008 - March 2009.

(v) Monitoring and Equipment

The following table and monitoring diagram outlines the monitoring equipment used to collect the data.  All calibration certificates were provided and verified by the DoE during Verification site visit.

[image: image2.emf]
	ID
	Brand/Type
	Serial 
Number
	Calibration 
Date
	Calibration

Validity
	Calibration Certificate or document number
	Calibrating entity

	FI01
	Kobold Magnetic flow meter
	A07 32088
	27 Aug 07
	27 Aug 09
	264643 10 4
	KOBOLD Messring GmbH

	FI02
	Kobold Magnetic flow meter
	A07 38372
	28 Aug 07
	27 Aug 09
	264643 10 5
	KOBOLD Messring GmbH

	FI40
	Kobold Magnetic flow meter
	A07 23936
	28 Aug 07
	27 Aug 09
	264643 10 6
	KOBOLD Messring GmbH

	FI38
	Kobold Magnetic flow meter
	A07 37740
	28 Aug 07
	27 Aug 09
	264643 10 1
	KOBOLD Messring GmbH

	FI30
	Kobold Magnetic flow meter
	AO7 37995
	28 Aug 07
	27 Aug 09
	264643 10 10
	KOBOLD Messring GmbH

	FI63
	Kobold Fluidic Oscillator flow meter
	5329 /4350
	26 Sep 07
	25 Sep 10

	302949-5329
	KOBOLD Messring GmbH

	FI64
	Kobold Fluidic Oscillator flow meter
	5331 /4352
	26 Sep 07
	25 Sep 10
	302949-5331
	KOBOLD Messring GmbH

	M1

	Carlo WM3-96
	BH011002500N / BG3390022100P
	12 Dec 09
	1 year 
	12/12/2552 M.1
	Provincial Electricity Authority

	M4
	Schneider PM700
	0068001327 
	12 Dec 09
	1 year

	12/12/2552 M.4
	Provincial Electricity Authority

	CH4
	JE CH4 100%
	25791


	15 April 08


	1 year
	2009/01-1
	Jiamphattana Energy International Co., Ltd. 

	CH4
	JE CH4 100%
	28652
	15 Jan 09
	1 year
	2009/01-1
	Jiamphattana Energy International Co., Ltd. 

	COD
	Hach DR2800
	1218955
	Confirmation 
29 May 09
	yearly service by Equipment Supplier.   
	OEVS0700773


	HACH Company USA

	Detec-tor
	Testo 316-1
	31143.20
	26 Sep 07
	26 Sep 2009
	0973.3161/06.01/T/wh
	Testo AG Germany


SECTION 4

Data used for calculation of GHG emission reductions
The following table summarises the data used to calculate the GHG emission reductions.  Please refer to excel spreadsheet files for the full set of data used for calculations.  The raw data files are available onsite for review.  Other sources, such as plant log books, laboratory analysis are available for cross check on site.

Summary of emission factors, IPCC default values and other reference values

	Description
	Unit
	Value 
	Source

	Global Warming Potential of methane
	 tCO2e/tCH4
	21
	Tool to determine project emissions from flaring gases containing methane - Version 1(EB28), pg 11

	EFCH4 - Methane Emissions Factor
	kgCH4/kgCOD
	0.21
	PDD, pg 22

	Rlagoon - Total organic material removal ratio of the lagoon
	%
	97%
	PDD, pg 22

	Rdeposition - Organic material deposition ratio
	%
	5%
	PDD, pg 22

	Surface Oxidation Rate
	kg COD/ha/day
	254
	AM0022v4, pg 3

	CEF - Grid emission factor 
	tCO2/MWh
	0.5098
	PDD, pg 23

	Flare combustion efficiency ɳ flare,h
	%
	50
	PDD, pg 24

	Methane density at standard conditions
	Kg CH4 / m3
	0.716
	Tool to determine project emissions from flaring gases containing methane - Version 1(EB28), pg 12

	Total surface area of the lagoons
	ha
	27,680 
	PDD, pg 50

	Specific reduction in COD by oxidative substance s 
	tCOD/t(of s)
	0.890
	Wastewater Engineering: Treatment and Reuse by George Tchobanoglous, Franklin L. Burton, H. David Stensel, 4th Edn 2002, page 994

	Fraction of biogas that leaks from the digester 
	m³ biogas leaked/ m³ biogas produced 
	0.05
	ACM14v3.1, pg 27

	Manufacturers specifications of the flare - pressure and flowrate
	mBar
	10-100
	Manufacturers specifications

	Manufacturers specifications of the flare – max flowrate
	m3/hr
	650.00
	Manufacturers specifications


Summary of Monitored Data for the Monitoring Period
	ID
	Description
	Unit
	Value
	Source

	1
	POME flows entering system boundary
	m³/yr
	154,661
	Measured continuously from flowrate meter FI02 transferred electronically to LBP008 spreadsheet

	2a
	POME flows leaving project treatment facility
	m³/yr
	142,554
	Measured continuously from flowrate meter FI40 transferred electronically to LBP008 spreadsheet

	2b
	POME flows leaving project treatment facility, and being recycled back to CIGAR
	m³/yr
	5,413
	Measured continuously from flowrate meter FI38 transferred electronically to LBP008 spreadsheet

	12
	Flow of POME directly to lagoon system, and bypassing the new CIGAR
	m³/yr
	5,230
	Measured continuously from flowrate meter FI01 transferred electronically to LBP008 spreadsheet

	3
	POME organic material concentration entering the project boundary
	kgCOD/m³
	75
	Internal and external laboratory tests 
value entered manually to LBP008 spreadsheet. Every value was verified during DOE site visit. Wastewater sample taken after the screen at the mixing tank (after cooling tower)

	4
	POME organic material concentration leaving the treatment facility
	kgCOD/m³
	9
	Internal and external laboratory tests value entered manually to LBP008 spreadsheet. Every value was verified during DOE site visit.  Wastewater sample taken out of the settling pond before being released to first wastewater ponds (Pond 6).

	5
	Electricity generated from the biogas collected in the anaerobic treatment facility and consumed on site or sent the grid, less any electricity consumed by the biogas plant 
	MWh
	4,447,686
	Calculated 5-5b as per monitoring plan and adjusted for error following EG53 Annex 60.

	
	Electricity generated from biogas system
	MWh
	4,841,951
	Measured continuously from total biogas generation electricity meter M1. 

	5b
	Electricity used to operate the biogas plant
	MWh
	336,668
	Measured continuously from total biogas project electricity usage meter M4. 

	6a
	Surplus biogas sent to flare
	Nm3
	910,510
	Measured continuously from flowrate meter FI63 transferred electronically to spreadsheet

	6b
	FVRG,h, Volumetric flow rate of residual gas in dry basis at normal (NTP) conditions in the hour h
	Nm3/h
	Flare tool
	Measured continuously from flowrate meter FI63 transferred electronically to spreadsheet

	7
	Biogas sent to generator sets and used for electricity generation
	Nm3
	2,855,807
	Measured continuously from flowrate meter FI64 transferred electronically to spreadsheet

	8
	Biogas methane concentration
	%
	60%
	Measured continuously from inline methane analyser. Calibrated quarterly as per Univanich Quarterly Monitoring Parameters Report LBP009 

	9
	Project emissions from flaring of the residual gas stream 
	tCO2e
	4,896
	Calculated via Flare Tool using methane %, flowrate and flare detector 

	10
	Amount of chemical oxidising agents entering system boundary
	mg/L
	554
	external laboratory tests, value entered manually into spreadsheet.  Every value was verified during DOE site visit.  Wastewater sample taken after the screen at the mixing tank (after cooling tower)

	
	Average concentration of chemical oxidising agents leaving system boundary
	mg/L
	239
	external laboratory tests
 value entered manually into spreadsheet.  Every value was verified during DOE site visit.  Wastewater sample taken out of the settling pond before being released to first wastewater ponds (Pond 6) (tested 23rd Feb and 17th March 2009)

	11
	Gen set combustion efficiency - proportion of methane not destroyed during combustion in engine  measured during annual test 
	%
	0.074%
	Univanich Annual Monitoring Parameters Report LBP010 (2008/2009) includes test results of methane emissions from biogas engine tested by Environment Research and Technology Co. Ltd. according to USEPA standards (tested 25th March 2009).

	
	fr proportion of biogas destroyed by combustion
	%
	99.93%
	calculated from row above


	13
	Loss of biogas from pipeline
	%
	0
	Univanich LBP010 Annual Monitoring Parameters Report (2008/2009) includes Univanich pipeline losses test report (tested 4th February 2009).  

	14
	Organic material removed from POME facility - removals of organic material after sampling point and before entering the anaerobic digester 
	tCOD
	0


	Univanich Quarterly Monitoring Parameters Report LBP009 confirming COD sample was taken after screen

	15
	Other flare operation parameters - flame detector 
	On/Off
	0 or 0.5
	Measured continuously by flare detector and transferred electronically to Flare Tool Excel Sheet spreadsheet

	16
	Other flare operation parameters - pressure of biogas sent to flare
	mBar
	10-100
	Measured quarterly and manually entered into LBP008 spreadsheet

	17
	Proportion of methane emitted from covered lagoon - 
	number of days with leak detected
	3
	Analysed through portable hand held detector on daily basis, recorded in daily logbook and manually entered into LBP008 spreadsheet

	
	Error deduction for M1 electricity meter not calibrated1
	%
	1.12
	The maximum permissible error for instrument and measured error reading

	
	Error deduction for M4 electricity meter not calibrated1
	
%
	1.0
	The maximum permissible error for instrument and measured error reading

	
	
	
	
	


Calculations of baseline, project and emission reductions.

The calculations have been carried out in accordance with AM22v4 methodology and the Flare Tool as outlined in the PDD.  Please refer to the excel spreadsheet for these calculations.
As outlined in Section 1, there are two aspects of Monitoring where the calculation method is not specified in the Monitoring Plan or Methodology AM22v4:

(a) Oxidative substances

(b) Proportion of biogas leaked from the digester

In both cases, the consolidated methodology (which replaced AM22v4) ‘Mitigation of greenhouse gas emissions from treatment of industrial wastewater, ACM14 v3.1 was used, as outlined in Section 2:
(a) Oxidative Substances

The monitoring plan states that this will be determined by ‘testing the amount of sulfates in the wastewater and using the stochiometric equation to determine the volume of COD lost’.  No equation was specified in the Methodology or PDD for ex-poste monitoring, so the equation from ACM14 v3.1 has been applied as follows:
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(b) Proportion of Biogas leaked from the digester

The Monitoring Plan requires daily monitoring for leaks.  As there is no guidance in AM22v4 how to calculate emissions from the Proportion of Biogas leaked from the digester, the default value of FLbiogas,digest and equation 30 in ACM14v3.1 was applied (this is highly conservative, as the default value should really be applied to the volume of biogas produced in the period where a leak was identified until it was repaired.  
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Summary of Project Emissions, Baseline Emissions and Emission Reductions
	Total Project Emissions 
	Eproject
	tCO2e
	               12,403 

	1. Methane emissions from the lagoons 
	ECH4_lagoons
	tCO2e
	5,821 

	Amount of organic material removed by anaerobic processes in the lagoon system 
	Mlagoons_anaerobic
	kg COD
	          1,320,034 

	Total amount of organic material removed in the lagoon system
	Mlagoon_total
	kg COD
	          1,642,735 

	Amount of organic material degraded aerobically in the lagoon system
	Mlagoon_aerobic
	kg COD
	             228,498 

	Amount of organic material lost through chemical oxidation in the lagoon system
	Mlagoon_chemical_ox
	kg COD
	29,181 

	Amount of organic material lost through deposition in the lagoon system
	Mlagoon_deposition
	kg COD
	65,020 

	Organic material removed from POME facility - removals of organic material from after sampling point and before entering the anaerobic digester 
	Mlagoon_screenings
	kg COD
	0

	Organic material diverted from the CIGAR and sent direct to lagoons
	Mlagoon_bypass
	kg COD
	393,131

	Input of organic material from CIGAR water treatment facility into the lagoon system
	Mlagoon_input
	kg COD
	1,300,410 

	 
	 
	 
	

	2. Methane emissions from inefficient combustion emissions
	ECH4_IC+Leaks
	 
	4,896

	Methane emissions from inefficient combustion emissions
	ECH4_IC
	tCO2e
	19

	Methane emissions from leaks from pipeline
	ECH4_Leaks
	tCO2e
	0

	Project emissions from flaring of the residual gas stream - see Flare Tool Spreadsheet
	PEFlare
	tCO2e
	4,877

	 
	 
	 
	

	Methane emissions from leakage of biogas
	ECH4_NAWTF
	tCO2e
	1,686



	Total Baseline Emissions 
	EBL
	tCO2e
	               48,089 


	1. Fugitive methane emissions that would have been released from lagoons in the baseline case
	ECH4_lagoons_BL
	tCO2e
	               45,822 

	Amount of organic material that would have been removed by anaerobic processes in the lagoon system 
	Mlagoons_anaerobic_BL
	kg COD
	        10,390,398 

	Amount of organic material that would have been removed in the lagoon system
	Mlagoon_total_BL
	kg COD
	        11,276,459 

	Amount of organic material that would have been degraded aerobically in the lagoon system
	Mlagoon_aerobic_BL
	kg COD
	             228,498 

	Amount of organic material that would have been lost through chemical oxidation in the lagoon system
	Mlagoon_chemical_ox_BL
	kg COD
	               76,302 

	Amount of organic material that would have been lost through deposition in the lagoon system
	Mlagoon_deposition_BL
	kg COD
	             581,261 

	Total amount of organic material that would have been fed to the lagoon system
	Minput_total_BL
	kg COD
	        11,625,216 

	 
	 
	 
	 

	2. CO2 emissions related to electricity supplied by the grid in the baseline case 
	ECO2_power_BL
	tCO2
	                               2,267 




	Leakage
	 
	 
	 

	According to AM0022v4 leakage is considered negligible
	Leakage
	tCO2
	                     -   


AM22v4 Conservative Check

	Methane collected from CIGAR system
	ECH4_coll
	tCO2e
	               32,873 



	Methane emissions from the lagoons
	ECH4_lagoon
	tCO2e
	                5,821


	 Methane emissions from leakage of biogas
	ECH4_nawtf
	tCO2e
	                1,686

	Methane calculated from the lagoons in the baseline
	ECH4_lagoons_BL
	tCO2e
	
45,822

	ECH4_lagoons_BL – (ECH4_lagoon + ECH4_nawtf + ECH4_coll)
The value is positive, therefore the amount is deducted from the overall ERsaccording to the prescribed conservative check of AM22v4.
	5,441



	Total Emission Reductions
	ER
	tCO2e
	30,245


Section 5 – Gold Standard Monitoring Parameters
According to the Univanich Lamthap POME Biogas Project Gold Standard Annex (Version 6.1) Section 3.5, 7 parameters were selected in addition to the monitoring requirements under AM0022v4 – the number of new jobs created, the safety of the biogas plant, confirmation there is no new legislation prescribing biogas plants to be built.
The monitoring of these aspects are summarised in the following table:

	GS Parameter
	Monitoring
	Evidence

	5 new jobs created
	5 new jobs were created.
	Memo appointing staff in 2008

Payroll for 5 new staff in April 2008 and May 2009

	Safety Review of biogas plant on quarterly basis sighting at least the following:

· leaks or cracks in pipes and joins

· leaks or cracks in the CIGAR cover

· potential equipment that could spark in engine room

· sufficient ventilation in engine room

· potential for sparks at any pumps or blowers


	Safety Review undertaken on quarterly basis checking all aspects listed in GS Annex. No safety significant issues were identified and the quarterly check served as a preventative process in case any issues were identified, such as small leaks identified in the CIGAR cover, which were also monitored on a daily basis and repaired within the day.


	LBP009 – Quarterly Monitoring Parameters Report Form completed and attached safety review form.


	New legislation mandating biogas plants
	No new legislation introduced in Thailand.
	Statement provided by the Thailand Greenhouse Gas Office (TGO) confirming no new legislation has been introduced in Thailand (dated 14/10/2009)

	Odour reduction
	Interview with stakeholder to confirm odour has reduced.
	Interview of stakeholder by DoE during Verification confirmed a reduction in odour.

	Minimum 65% of biogas used for energy purposes
	76% biogas used for energy purposes.
	See Section 4:

· biogas flow to engine was 2,855,807 Nm3 

· biogas flow to flare was 910,510.49Nm3 

· total biogas fuelled or flared was 3,766,317.20Nm3
· 


	Land for oil palm expansion
	Provide documentation showing the source of land new oil palm plantation in Krabi to show that it is not increasing pressure on primary forests.  

	Letter from Krabi Agriculture Extension Office summarising source of new Oil Palm for 2008 (dated 8th April 2009).  This was provided and accepted by Gold Standard for Registration of project in May 2009.

	Status of RSPO
	Univanich officially became a member of RSPO

GTZ, who are supporting the RSPO process in Thailand, had their major kick off meeting in Bangkok. Staff from Univanich attended 
	Membership Confirmation from RSPO Secretary General dated 6th May 2009. The invoice was paid on the 1st of June and membership can be confirmed on www.rspo.org



In addition, the Gold Standard Validation and Verification Manual requires verification of ‘Changes to the key sustainable development indicators’. Therefore the sustainable development indicators from the Gold Standard Annex are summarized below:
	Component 

Indicators 

Local/regional/global environment 
	Score in Validated GS Annex
	Current Verification Period.

	Water quality and quantity 
	+1
	No change in score.

The COD of the wastewater into the CIGAR represents the quality of wastewater in the baseline, and the COD out of the CIGAR represents a significant removal rate of around 92% (refer to Section 1 of the Monitoring Report).  

The retention time of the CIGAR is significantly less than the baseline case - in the CDM Verification period was around 80 days (average daily flow 525m3/day with CIGAR wastewater volume of 41,700m3 (excluding gas volume)).  


	Air quality (emissions other than GHGs) 
	+1
	No change in score.

Odour reduction has been verified by DOE interview with stakeholder during Verification site visit.

The biogas electricity has been sold to the Thai electricity grid to PEA – records for electricity export were provided to the DOE after the Verification Site Visit.  This has displaced electricity generated from gas and coal in Thailand which release air emissions – refer to 2008 Electrical Power in Thailand Report at http://www.dede.go.th/dede/


	Other pollutants 

(including, where relevant, toxicity, radioactivity, POPs, 

stratospheric ozone layer depleting gases) 
	
	Not applicable as in Validated GS Annex.

	
	0
	

	
	
	

	Soil condition (quality and quantity) 
	+1
	No change in score.

The project has used organic sludge extracted from the CIGAR as an organic fertilizer on the oil palm plantations – the location of the sludge at the Univanich palm plantations was visited during Verification Site visit and sludge removal reports shown (LBP006) for the 1 removal event that occurred in this verification period.

	Biodiversity (species and habitat conservation) 
	0
	No change in score.

Not applicable as in Validated GS Annex – the project is located within the factory compound.

	Sub total 
	+3
	

	
	
	

	Social sustainability and development 
	
	

	Employment (including job quality, fulfillment of labour standards) 
	+0
	No change in score.

Workers on the biogas plant have had on the job training and have developed the skills to operate the plant.  Interviews were undertaken with biogas staff by the DOE during the verification site visit and training information shown.

The Appointment of the Univanich Staff indicate that 4 of the 5 jobs are skilled, as outlined in the Annex.   The confirmation of these staff were provided with payroll for 

	Livelihood of the poor 

(including poverty alleviation, distributional equity, and 

access to essential services) 
	+0
	Not applicable as in Validated GS Annex

	
	
	

	Access to energy services 
	+0
	No change in score.

The majority of the electricity produced from the biogas plant was exported to the Thai electricity grid.  Details of the PEA forms were provided, as detailed in Section 3 of the Monitoring Report .  

	Human and institutional capacity 

(including empowerment, education, involvement, gender) 
	+1
	No change in score.

Refer above relating to quality of employment opportunities.    

	
	
	

	Sub total 
	+1
	

	
	
	

	
	
	

	Economic and technological development 
	
	

	Employment (numbers) 
	+1
	No change in score.

5 permanent jobs were created out of the project – please see monitoring parameter early in this section.

	Balance of payments (sustainability) 
	+0
	No change in score.

The project exported renewable electricity to the grid (as outlined in Section 3 of this Monitoring Report). 

Most of the materials such as pumps, pipes, HDPE liner, control systems were supplied in Thailand.  The Gas engine was imported from Spain.  



	Technological self reliance (including project replicability, hard currency liability, skills development, institutional capacity, technology transfer)
	+1
	Waste Solutions provided technical support to the team during the commissioning phase of the project and provided an additional training session in July.  On a day to day basis, the Univanich biogas team operate the biogas plant professionally and efficiently – as demonstrated during the DOE Verification site visit and the monitoring report data that indicate the CIGAR is operating at higher efficiency than predicted and the Guascor engines have been producing electricity.  See Section 3 for details of training conducted during the commissioning and operation of the biogas plant.

	Sub total 
	+2
	

	TOTAL 
	+6
	


Univanich Palm Oil PCL


Managing Director








Univanich Factories Manager








Quality Control Manager


(3 QC Laboratories)





Internal Audit Manager





Lamthap Engineer





QC Lab Technician








Biogas Plant Technicians





Lamthap Biogas Project Supervisor








� The supplier of M1 &M4 electricity meters were not able to provide initial calibration certificates. Therefore, following EB 52 Annex 60 ‘Guidelines for Assessing compliance with the calibration frequency requirements’ calibration of M1 & M4 meters was completed after the Verification Period.  The maximum permissible error for instrument M1 is 0.5% (RDG+FS) and the measured error reading for M1 was (-1.12% measured on 12-12-2009); as the EB guidelines refer to +/- error, 1.12% error deduction was applied (highly conservative as the meter was in error making the reading lower, not higher).  The maximum permissible error for instrument M4 is 1% and the measured error reading for M4 was (-0.8% measured on 12-12-2009); therefore 1% error deduction was applied.


� Internal COD tests were conducted using HACH meter following international COD Standard method 5220 D.  External tests were conducted by Sritrang Management Science Laboratory and Saint Enviro Co., Ltd (Bangkok), using open reflux method following ‘Standard Methods for the Examination of Water and Wastewater, APHA, AWWA, WEF 20th Edition, 1998”.  Testing by external laboratory was conducted on weekly basis as per the Monitoring Plan.


� Tests conducted by Saint Envir Co., Ltd (Bangkok) using the Turbidimetric method.


� Note, the large scale methodology ACM0014 and small scale AMSIIIH  now do not require this to be monitored and it is assumed to be 100%
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