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1. Abbreviations and definitions

The abbreviations and definitions used in the verification report are summarized be-

low.
Word DANETV
AMS Automated Monitoring System

Analytical labora-
tory

Independent analytical laboratory used to analyze reference samples

The use of a product specified with respect to matrix, target, effect and

Application limitations

CEN European Committee for Standardization

DS Danish Standardisation

Effect The way the target is affected

EN European standard

Environmental Ready to market or prototype stage product, process, system or service
product based upon an environmental technology

Environmental

The practical application of knowledge in the environmental area

Technology
Environmental technology verification (ETV) is an independent (third
ETV party) assessment of the performance of a technology or a product for a
specified application, under defined conditions and adequate quality as-
surance.
Evaluation El\:g![?;tlon of test data for a technology product for performance and data
_— Independent person qualified on a technology in verification or on verifi-
P cation as a process
ISO International Standardization Organization
Matrix The type of material that the product is intended for
Generic document that provides rules, guidelines or characteristics for
Method :
tests or analysis
Performance The effects foreseen by the vendor on the target(s) in the matrix of in-
claim tended use
Performance Parameters that can be documented quantitatively in tests and that pro-
parameters vide the relevant information on the performance
QA Quality assurance

Reference analy-
ses

Analysis after a reference method in an accredited (ISO 17025) labora-
tory.
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Reference sam-
ples

Samples taken for and analyzed after a reference method in an accredited
(ISO 17025) laboratory.

RSD Relative standard deviation in %.
Generic document established by consensus and approved by a recog-

Standard nized standardization body that provides rules, guidelines or characteris-
tics for tests or analysis

Target The property that is affected by the product

Test/testing Determipatipn of the performance of a product for parameters defined for
the application

VDI Verein Deutscher Ingenieure

Verification Evaluation of product performance parameters for a specified application
under defined conditions and adequate quality assurance

VTC Verification and Test Centre
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2. Introduction

Environmental technology verification (ETV) is an independent (third party) assessment of the
performance of a technology or a product for a specified application, under defined conditions
and quality assurance.

2.1. Name of product
The product is Super Heated Steam Drier - hereafter called SHSD.
2.2. Name and contact of vendor

Cimbria Manufacturing A/S
Faartoftvej 22

7700 Thisted

Denmark

Phone +45 9617 9000
Contact Bent Bjerregaard
E-mail: bbj@cimbria.com
Phone +45 9617 9149

2.3. Name of centre / verification responsible

Test centre: Verification responsible:
FORCE Technology William Hansen

Park Allé 345 E-mail: wha@force.dk

DK - 2605 Brgndby Phone +45 4326 7174
Denmark Cell phone +45 2218 1138

2.4. Verification documentation

The documentation of the verification process is described in four main documents in the or-
der indicated below following the template of DANETV FORCE Technology verification centre
quality manual /1/. The verification protocol and test plan result in a test and verification re-
port, respectively. The verification report is the final completing document.

Verification Protocol
Test plan

Test Report
Verification Report

S wN e

The verification process is summarized in the verification statement.

2.4.1. Verification document status

This Verification Report is a result of the Verification Protocol, November 2009 /7/ and is re-
ferring to the Test Report (Appendix 2).
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2.5. \Verification process

Verification and tests will be conducted in two separate steps, as required by DANETV. The
steps in the verification are shown in Figure 1.

Figure 1.Verification steps.

1 2 3 4
Verification Test Test Verification
Protocol Plan Report Report

Preliminary Test Final Verification
Phase Phase Phase Statement

References for the verification process are the Quality Management Plan for DANETV /1/.

2.6. Verification and test organization

The verification was conducted by the Danish test centre DANETV. The verification was
planned and conducted to satisfy the requirements of the ETV scheme currently being estab-
lished by the European Union (EU ETV). The verification and test was performed by FORCE
Technology as the Air Emission and Energy Efficient Technology Verification Center (VTC)
under DANETV.

The day to day operations of the verification and test was coordinated and supervised by
FORCE Technology, with participation of the vendor, Cimbria Manufacturing A/S. The testing
was conducted at Fangel Bioenergi (Bigadan), @stermarksvej 70, 5260 Odense S., Denmark,
and coordinated by FORCE Technology. Cimbria Manufacturing A/S was providing FORCE
Technology with the necessary documentation and operation instructions. In addition Cimbria
Manufacturing A/S was also participating in the development of the verification protocol and
test plan together with FORCE Technology.

A part of the verification organization is the expert group who supports FORCE Technology in
planning, conducting and reporting the verification and tests. The expert group makes the
review of the test plan and test report.

The organization chart in Figure 2 identifies the relationships of the organization associated
with this verification and tests.
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Figure 2.0rganization of the verification and tests.

DANETV

Expert
Group

2.7. Expert group

Verifications
Cimbria
FORCE Technology VTC ” Manufgunng
Tests

The expert group assigned to this test and responsible for review of test plan and test report

includes:

Stig Lind Schmidt (SLS)
Head of Department
Carlo Lorentzen Smed A/S
Handveerkervej 76

4000 Roskilde

E-mail: sls@cl-smed.dk
Phone +45 7222 8270

Qualification:

Several years of practical experience with
energy processes in the environmental in-
dustry

Orla Munk Jensen (OMJ)
Department: “Energy & Building”
FORCE Technology
Hjortekaersvej 99

2800 Kgs. Lyngby

E-mail: omj@force.dk

Phone +45 7215 7808

Qualification:

Several years of practical and theoretical ex-
perience with energy processes (biomass
and incineration) as specialist.
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3. Description of the technology

The technology is “superheated steam drying” where the dewatering process takes place un-
der positive pressure approximately 1 bar relative, with a material temperature above 100°C.

4. Description of the product

The set-up for the verification test consists of the SHSD and hot exhaust gas from a biogas
engine producing district heating and electricity.

The dewatering process takes place in an enclosed cabinet without any emissions to the sur-
rounding area.

The process is a continuous evaporation process, using overheated steam as a mean to
evaporate the water from the fibrous material. The temperature of the manure is increased
under pressure (1 bar abs) to above 100°C, where the water content in the media is evapo-
rated. The evaporated water, now as steam, is withdrawn from the cabinet and condensed.
The energy in the condensate is recovered and reused as district heating.

The wet manure is introduced to the SHSD through a preheated screw conveyer, which
equally distributes the material on a slat conveyor belt and leads it horizontally through four
sections of dryers. Finally the fibrous material leaves the cabinet in dry form for storage or
further treatments.

Inside the cabinet, diagonally with the slat conveyor belt is a number of fans and heating
coils. The fan in each section generates a closed circulated flow (fan — heating coil — manure
material — fan etc,).

The heating coil is fed with energy from an external source.

The dewatering process accelerates when the temperature inside the cabinet increases to
above 100 °C. The circulated media inside the cabinet is water vapour. Each time the water
vapour passes the heating coil the temperature will increase up to the set-point — operation
value. The superheated steam passes through the fibrous material and will generate an
evaporation equal to the heated value of the circulated water vapour (superheated steam).

The generated superheated steam is continuous diverted from the cabinet and its energy
content is reused in the district heating system.

The following figure 3 shows the SHSD. A schematic diagram of the energy and manure flow
is illustrated in section 8.2.2.
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Figure 3. SHSD - Super Heated Steam Drier.

5. Application and performance parameter defini-
tions

This section defines the application and the relevant performance parameters application as
input for verification and test of an environmental technology following the DANETV method.

The application is described in detail in Appendix 1, in terms of matrix for use, targets and
effects.

5.1. Matrix

The matrix of the application is biomass and for this verification it is manure fibre fractions,
with high water content.

5.2. Target

The target of the application is the dry weight of the manure fibres.

5.3. Effects

The performance parameters (effect) for the application are the steam drier’s capability to dry

manure fibres and it is reported in terms of dry matter in % of the manure fibres and the re-
lated energy consumption.



5.4. Additional parameters

No additional parameters.
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Besides the performance parameters to be obtained by testing, compilation of parameters
describing user manual, product costs and occupational health & safety issues of the product
are required as a part of the verification.

6. Existing data

No existing data are available.

7. Test plan requirements

Based upon the application and performance parameter identification, Section 5, the require-
ments for test design is set - see section 7.1 “Test design”. The detailed test report is in a
separate document see Appendix 2.

The test plan for this application was based upon the identified performance parameters, see

section 5.

7.1. Test design

The test design outlined in the test plan is summarized in the following table 1.

Table 1. Test design.

Performance parameters mE :e::,seu::m anit Measurements methods and readings
Volume
Energy supply Temperature Manuel measurement in accordance with DANAK ac-
Flue gas umidi creditation no. 51 held by echnology
g Humidity d held by FORCE Technology /7/
0;
Quantity:
Manuel measurements, measured by weight and vol-
Quantity ume.
Conglerisate Temperature Temperature:
In Accordance with DANAK accreditation no. 51 held by
FORCE Technology
Quantity:
Manual measurements, measured by weight.
Quantity Temperature:
: ial i Dry matter content Manuel measurement in accordance with DANAK ac-
kGl material iniet nd outlet Temperature creditation no. 51 held by FORCE Technology
Dry matter contents:
Laboratory analysis in accordance with CEN/TS 14774-3
and CEN/TS 14774-1
Power Consumption Quantity Scanning and reading the data from the operation

panel.

10
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7.2. Data management

Data storage, transfer and control was carried out in accordance with the requirements of
1SO 9001 /2/ enabling full control and retrieval of documents and records.

7.3. Quality assurance

The quality assurance of the tests includes all handwritten data sheets and data dumps from
the online registrations, control of the test system and control of the data quality and integ-

rity.

The test report was reviewed by the expert group in accordance to the Quality Management
Plan see Figure 1.

7.4. Testreport
The test report is a result of the test plan as described in section 2.4 and follows the template

of DANETV FORCE Technology verification centre quality manual /1/ with data and records
from the tests presented.

8. Evaluation

The evaluation includes calculation of the performance parameters, see Section 5.4 for defini-
tion.

Evaluation of the data quality is based upon the test quality assurance; see Section 7.3 for
requirements, and compilation of the parameters as specified in Section 5.4.

8.1. Calculation of performance parameters

Calculations are done according to generally accepted mathematical and statistical principles
such as those described in /2/ and as described in the Test Report (Appendix 2)

8.2. Performance parameter summary

According to the Test Report (Appendix 2) the Cimbria Manufacturing, SHSD was tested for
its ability to dry manure fibres. To determine the steam driers capability to dry manure fibres,
measurements of the dry matter content in the manure fibres and the related energy pa-
rameters were carried out. Results of measurements, full data printout and the original analy-
sis report from the laboratory is available in the Test Report (Appendix 2).

8.2.1. Dry matter content in manure fibres

In table 2 the dry matter content in the manure fibres is shown. Additional the production
capacity of the SHSD drier is given. All values are average values from the entire sampling
period starting on September 28" and ending on October 1% 2009.

11
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Table 2. Dry matter content in manure fibres (28.9 — 1.10. 2009)".

Dry matter content in manure fibres
TN R (YIRS D) :
_ Inlet jigudet -

32,4 3,1 90,2 + 6,9

‘Wet manure production cz

! Refers to Test Report Appendix 2
? Relative standard deviation in %

8.2.2. Energy Balance

The drying process of the manure is based on supply of energy in the form of heat. The
sources of this energy are the flue gas from the biogas engine and the electricity to the fans
circulating the drying steam inside the SHSD (see figure 1a). The energy from the flue gas is
captured in the heat exchanger which overheats the steam inside the SHSD and the circulat-
ing fans ensure that superheated steam evaporates the water in the wet manure. The excess
steam energy (Q.) from the drying process is later utilized into district heating. The remaining
energy after the district heating is derived as condensate. Figures 3 to 5 are schematic dia-
grams of the flow of energy and manure to and from the SHSD.

Figure 3. SHSD flow diagram of Energy and Manure.

Superheated
Steam

Wet
Manure Dry
SHSD Manure
Electricity »

Excess
Steam

. 4 4

Conden District
sate Heating

12
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The energy used to dry the manure is provided by the sources mentioned above, i.e. flue gas
(Qrs) and electricity (Pe) assuming that the manure does not contribute to the energy input
(or output). Regarding the energy provided by the fans it is assumed, that 85 % of the elec-
tricity input to the fans is used to move the fans or used to equipment outside the SHSD and
the remaining 15 % is transferred to heat inside the SHSD.

The SHSD energy demand is given in table 3 and table 4 reflect the available energy from the
process and how it is recovered.

Table 3. Energy demand to dry manure (28.9 — 1.10. 2009)*

AL e R Amount
Energy flow Parameter RS
nergy | M3/h
Energy contribution from the flue
gas to the heat exchanger Qs LA/
Input z
Electricity to fans Pe 27
Total Input 1.434
BI'0SS enerc peded 1o evaporate 0 C ate
1Refers to the Test Report Appendix 2.
? Calculated as 15 % of electricity input to fans (27 MJ = 176,8 MJ x 15%)
Table 4. Energy recovery in the plant (28.9 — 1.10. 2009)*
7 ] Amount
Energy flow Parameter e
2rgy amet M3/h
Energy contribution from the ex- Qs 1.288
cess steam
Output
Energy loss Q. 146
Total Output 1.434
Net energy needed to evaporate 1 kg of water is 0,6 MJ
2,4 MJ/kg is utilized energy for district heating

1Refers to the Test Report Appendix 2.
The calculation of energy used to dry the manure is associated with uncertainty due to the

measurements included. This uncertainty is estimated to approximately 10 % and it is to
some extend included in the figure of the energy loss (Q.).

13
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Figure 4. SHSD flow diagram including the energy loss Figure 5. SHSD flow diagram with energy values (MJ)
Overheated
Steam
Qs
. 1.407 MJ
Wet o v
Manure Manure
SHSD
P, } Q
SHSD
ici L
RISCHIoN } 28 ’ 27T MJ 146 MJ
Excess Qg
Steam
1.288 MJ
Conden District
sate Heating

8.3. Evaluation of test quality

All measuring, handling of data and calculation of results have been carried out according to
the FORCE Technology DANAK accreditation No. 51 (also for parameters not covered by the
accreditation).

Transfer of data from handwritten form to computer, has been subjected to 100 % control by
another person.

The evaluation of the test and the results has proven that the quality and the accuracy fulfil
the requirements or guidelines stated in the DANAK accreditation No. 51 and 65 /2/ and /8/

In connection with data processing and evaluation of the test results it is concluded that the
specifications and guidelines complies with the test plan /6/.

8.4. Control data

Approved spread sheets for calculations of results has been subjected to an intensive control,
to assure correct calculations, and consequently no further control is necessary.

8.5. Deviations

The test was performed according to the test plan. In general there were no deviations from
the test plan regarding measurements, data logging and sampling.

However it is of importance to mention that a minor problem occurred during the test due to
a blockage in the decanter. The blockage gave high water content in the inlet to the SHSD

14
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system. The SHSD system was on stand-by for approximately 30 — 45 minutes. The break is
considered as neglect able.

A blockage will result in a poor drying effectiveness of the system due to high water content
in the fibrous material.

8.6. Additional parameter summary

No additional parameters.

8.7. User manual

The product is a prototype and there is no user manual available.

8.8. Product costs

The product is a prototype and there are no information regarding products costs available at
present.

8.9. Occupational health and environment

It is confirmed that the use of the product does not imply special health, safety and waste
issues during the test.

The work during testing was carried out according to the FORCE Technology Safety Rules,
which complies with the extensive Danish rules for safe occupational health and the European
regulations of work with chemicals.

8.10. Recommendations for verification statement

The verification of the Super Heated Steam Drying technology is completed. All documents
(cf. /1/) are available.

On the basis of the verification process, relevant documents and the evaluation (see section
8) it is recommendable to issue a verification statement to the vendor.

A ¢ i Ao

Signed by [ 12/5-10 | Signed by 12/5-10
Annemette Geertinget_/ Date William Hansen Date
Technical Vice President Verification Responsible

DANETV Steering Committee member DANETV Verification Centre

FORCE Technology - Air Emission and Energy Efficient Technology Verification Centre

15
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Appendix 1

Application and performance
parameter definitions

This appendix defines the application and the relevant performance parameters application as
input for verification and test of an environmental technology following the DANETV method.

1. Application

The intended application of the product for verification is defined in terms of the matrix, the
targets and the effects of the product.

1.1. Matrix

The matrix of the application is biomass. An investigation of different types of biomasses
shows that the water content varies considerably. For this verification it is manure fibre frac-
tions, with a high water content that are suitable as biomass product. Furthermore the bio-
masses should be penetrable, and tolerate temperatures above 100°C.

1.2. Target(s)
The target of the application is the dry weight of the manure fibres.

The dry weight verified shall accordingly reflect both calculated energy balance, and meas-
ured temperature/humidity changes.

1.3. Effects

The effect for the application is generally reported in terms of dry matter in (%) of the ma-
nure fibres. Additional the following parameters are observed as side effect parameters: The
energy efficiency and the energy balance of the drying process is measured and evaluated
together with any emissions air-born or held back in the product or condensate from kk the
process.

During operation, the following operation conditions are recorded and sampled:

District heating flow

Temperature (inlet)

Temperature (outlet)

Power Consumption (in generally, all related systems)
Excess steam (temperature)

Fibrous material collected before and after the SHSD unit

In figure 1 is a schematic diagram of the flow of energy and manure to and from the SHSD.
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Appendix 1

DANETV FORCE

TECHMNOLOGY

Application and performance
parameter definitions

Figure 1. Diagram of Energy and Manure flow in the SHSD.
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Steam

v

Dry
SHSD Manure }

Excess
Steam

. 4 4

Conden District
sate Heating

Wet
Manure

VvV v

Electricity

1.4. Exclusion

The energy source deriving from the decanter is excluded from the calculated energy bal-
ance, due to the fact that the decanter together with the boiler was a part of the established
system.

The technology product to be verified is an add-on system which reuses the generated en-
ergy from the existing process, as mentioned above.

2. General performance requirements

No formal performance requirements for the application have been identified in the European
Union or the US.

2.1. Regulatory requirements

There are no general requirements for the application.

2.2. Application based needs

Not relevant.

3. State of the art performance

Not relevant.

4.  Performance parameter definitions

No elaborating comments.
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Test Report

Cimbria Manufacturing A/S
SHSD - Super Heated Steam Drier

Energy efficient pre-treatment of biomass
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1. Abbreviations and definitions

The abbreviations and definitions used in the verification and the test report are summarized

below.
Word DANETV
AMS Automated Monitoring System

Analytical labora-
tory

Independent analytical laboratory used to analyze reference samples

The use of a product specified with respect to matrix, target, effect and

Application limitations

CEN European Committee for Standardization

DS Danish Standardisation

Effect The way the target is affected

EN European standard

Environmental Ready to market or prototype stage product, process, system or service
product based upon an environmental technology

Environmental

The practical application of knowledge in the environmental area

Technology
Environmental technology verification (ETV) is an independent (third
ETV party) assessment of the performance of a technology or a product for a
specified application, under defined conditions and adequate quality as-
surance.
BvaluaBian E\Lu;zlliu;tlon of test data for a technology product for performance and data
Expert Independent person qualified on a technology in verification or on verifi-
P cation as a process
1SO International Standardization Organization
Matrix The type of material that the product is intended for
Generic document that provides rules, guidelines or characteristics for
Method :
tests or analysis
Performance The effects foreseen by the vendor on the target(s) in the matrix of in-
claim tended use
Performance Parameters that can be documented quantitatively in tests and that pro-
parameters vide the relevant information on the performance
QA Quality assurance
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Reference Analysis after a reference method in an accredited (ISO 17025) labora-

analyses tory.

Reference Samples taken for and analyzed after a reference method in an accredited

samples (ISO 17025) laboratory.

RSD Relative standard deviation in %.
Generic document established by consensus and approved by a recog-

Standard nized standardization body that provides rules, guidelines or characteris-
tics for tests or analysis

Target The property that is affected by the product

Test/testing Determlgatlpn of the performance of a product for parameters defined for
the application

VDI Verein Deutscher Ingenieure

Verification Evaluation of product performance parameters for a specified application
under defined conditions and adequate quality assurance

VTC Verification and Test Centre
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2. Introduction

This test report is the implementation of a test design developed for verification of the per-
formance of an environmental technology following the DANETV guideline. See the verifica-
tion protocol /1/ for details on organization and implications.

2.1. Verification protocol reference
Cimbria Manufacturing, SHSD - Super Heated Steam Drier, November 2009.

2.2. Name and contact of vendor

Cimbria Manufacturing A/S
Faartoftvej 22

7700 Thisted

Denmark

Phone +45 9617 9000
Contact Bent Bjerregaard
E-mail: bbj@cimbria.com
Phone: +45 9617 9149

2.3. Name of centre/test responsible

Test centre: Test responsible:

FORCE Technology

Test centre Ole Tvede Larsen

Park Allé 345 E-mail oti@force.dk

DK - 2605 Brgndby Phone +45 4326 7168
Denmark. Cell phone +45 4082 9873

2.4. Expert group

The expert group assigned to this test and responsible for review of test plan and test report
includes:

Stig Lind Schmidt (SLS) Orla Munk Jensen (OMJ)

Head of Department Department: “Energy & Building”
Carlo Lorentzen Smed A/S FORCE Technology
Hé&ndveerkervej 76 Hjortekaersvej 99

4000 Roskilde 2800 Kgs. Lyngby

E-mail: sls@cl-smed.dk E-mail: omj@force.dk,

Phone +45 7222 8270 Phone +45 7215 7808
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The test design outlined in the verification protocol /1/ is summarized in the following Table

1.
Table 1. Test Design.

Scope of .
Performance parameters WCAsiPafaht Measurements methods and readings
Volume
Energy supply Temperature Manuel measurement in accordance with DANAK
Flue gas Humidity accreditation no. 51 held by FORCE Technology /7/
02
Quantity:
Manuel measurements, measured by weight and
Quantity volume.
Congensats Temperature Temperature:
In Accordance with DANAK accreditation no. 51
held by FORCE Technology
Quantity:
Manual measurements, measured by weight.
Quantity Temperature:
Fibrous material inlet and outlet Dry matter content Manuel measurement in accordance with DANAK
Tgm et e accreditation no. 51 held by FORCE Technology
P Dry matter contents:
Laboratory analysis in accordance with CEN/TS
14774-3 and CEN/TS 14774-1
Power Consumption Quantity Scanning and reading the data from the operation

panel.

3.1. Test site

The test is conducted at Fangel Bioenergi (Bigadan), @stermarksvej 70, 5260 Odense S on
behalf of Cimbria Manufacturing and coordinated by FORCE Technology.

3.2. Tests

Cimbria Manufacturing, Super Heated Steam Drier - hereafter called SHSD - is tested for its

ability to dry manure fibres.
3.2.1. Test methods

The test methods are divided into two types of measurements: Continuous and manual
measurements. The detections levels of the test methods, references and uncertainty are

shown in Table 2.




Table 2. Test methods.
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Test methods

Type of measurement

Volume of flue gas

Manuel measurement in accordance with DANAK accreditation no. 51
held by FORCE Technology, and acknowledged international standards.

Reference: DS/ISO 10780 / US EPA Method 1-3 /4/
Detection Level: 2,3 m/s
Uncertainty: 10 % of the measured value (95 % confidence interval)

Temperature

Continuously measurement in accordance with DANAK accreditation no.
51 held by FORCE Technology, and acknowledged international stan-
dards.

Reference/standard: VDI 3511 bl.1-5, DS/IEC 584-2 /5/
Measurement range: 40 — 600°C

Uncertainty: 4°C (absolute)

Humidity / water content of fibrous
material

Manuel measurement in accordance with DANAK accreditation no. 51
held by FORCE Technology, and acknowledged international standards.

Reference: DS/EN 14790 US EPA M. 4. US EPA M. 4 /6/
Measurement range: 0 — 75 Vol %
Uncertainty: 14 %

Detection Level: 2 Vol % of the measured value (95 % confidence in-
terval)

Fibrous material inlet and outlet, hu-
midity

Manuel collecting of samples.

Analysis:

Reference/standard: CEN/TS 14774 - 1 /9/

Solid bio fuels. Methods for the determination of moisture content.
Uncertainty: +/- 0,2 % V/V

Reference/standard: CEN/TS 14774 - 3 /10/
Solid bio fuels. Methods for the determination of moisture content.
Uncertainty: +/- 0,5 % V/V

Fibrous material inlet and outlet,
amount

Logging of data from the operation panel.

District heating production

Continuously reading and logging data from the operation panel.

Energy consumption

Continuously reading data from the operation panel.

Energy efficiency

Calculations based on the results of the measurements and analysis.
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Detection and uncertainty limits:
Continuous measurements

The detection levels used in this verification are the normally achievable under a normal per-
formance control.

The detection levels are defined as the average value plus 3 times the scattering of the
equipments deviation in the span calibration range.

The uncertainty levels are calculated as the normally achievable uncertainty at the measuring
point, which full fills the guidelines in the chapter 8. in the “Luftvejledningen”, from the Dan-
ish EPA\2\. By any deviation from the guidelines stated in the “Luftvejledningen” the uncer-
tainty may increase.

Manuel measurements

The detection levels are defined as the normally achievable under a normal performance con-
trol, equal 60 minutes measurements. The detection level is defined as the average value of
repeated “blind samples” plus three times the deviation of the samples.

The uncertainty level is calculated as the normally achievable uncertainty at the measuring
point, which full fills the guidelines in the chapter 8. in the “Luftvejledningen”, from the Dan-
ish EPA By any deviation from the guidelines stated in the “Luftvejledningen” the uncertainty
may increase.

The uncertainty of the measurement is defined in % of the measured value (95 % confidence
interval) equal 2 times RSD. Measured values between 5 and 1 times the detection level, will
increase the uncertainty from the stated %-value to 50 — 100 % by the detection level.

3.2.2. Test staff
Test responsible: Ole Tvede Larsen (OTL)
Field responsible: Steen Meldorf (SME)

3.2.3. Test schedule including types and number of samples
The test schedule is shown in the following Table 3a and 3b.



Table 3a. Test schedule.
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Component

Id/position no*

Plant equipment

Method

Fibrous material inlet

Quantity SRO - no. CF03 Plant AMS Manuel measurement by weight.
Fibrous material outlet, .
) None Plant AMS Manuel measurement by weight.
Quantity
Collecting of 5 samples a day for
Fibrous material inlet analysis at the laboratory.
! None FORCE manual sample 2
water content P Quantity: 250 ml.
Storage: Glass container with cap
Collecting of 5 samples a day for
Fibrous material outlet, analysis at the laboratory.
None FORCE manual sample ;
water content P Quantity: 250 ml,
Storage: Glass container with cap
District heating produc- _ Continuous logging of data from
tion SRO=n0. 450 Plant AMS the operation panel.
District heating tem- _ Continuous logging of data from
perature given SRO - no. 451 Plant AMS the operation panel.
District heating tem- _ Continuous logging of data from
perature return SRO = no. 452 Plant AMS the operation panel.
Condensate Quantity None FORCE manual sample Manuel measurement by volume.
Continuous logging of data from
Condensate temperature | None Plant AMS the outlet of the convey belt.
Energy inlet heat ex- Manuel measurement in accor-
changer None FORCE manual sample dance with DANAK accreditation
Temperature no. 51 held by FORCE Technology,
and acknowledged international
, standards.
ENEgy et neat ex; Reference/standard: VDI 3511
changer :
g None FORCE manual sample bl.1-5, DS/IEC 584-2
pressure drop
Measure range -40 — 600°C
Manuel measurement in accor-
; dance with DANAK accreditation
Et?:r:gérmm heat ex- no. 51 held by FORCE Technology,
e None FORCE manual sample and acknowledged international
VOIUmEtrlc ﬂOW standards'
Standard: DS/ISO 10780,
Screw Conveyer Bottom | None Plant AMS Manual measurerient:of: consump

tions - Amp

! Identity numbers used at Fangel Bioenergi electric documentation
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Table 3a. Test schedule (continued).

Component Id/position no' Plant equipment Method

Manuel measurement in accor-
dance with DANAK accreditation
no. 51 held by FORCE Technology,

Energy outlet heat and acknowledged international
exchanger None FORCE manual sample standards.
Temperature Reference/standard: VDI 3211

bl.2-5, DS/IEC 584-2
Measure range -40 — 600°C /5/

Electricity infuse None Plant AMS Manual measurement of consump-
Horizontal screw tions - Amp

conveyer

Screw conveyer M10 - 02502

Feeder bowl M30 - 027U2

Fan 31 M31 - 028U2

Fan 32 M32 - 029U2

Fan 33 M33 - 030U2

Fan 34 M34 - 031U2

FORCE continuous sam-

Fan 35 M35 - 032U2 ling Continuous logging of data from
P the operation panel.

Fan 36 M36 - 033U2
Fan 37 M37 - 034U2
Fan 38 M38 - 035U2
Conveyer Drier M39 — 036U2

. 2 Manual measurement of consump-
Rotating Brush Plant AMS tions - Amp
Cammbar Slifiea T Plant AMS Manual measurement of consump-

tions - Amp

L identity numbers used at Fangel Bioenergi electric documentation
2 Rotating brush for cleaning the slate conveyer belt, placed at the outlet of the cabinet.

10
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Table3b. Test schedule.

Week number 2009
35 36 37 38 39 40 48 49 50

Task

Test plan X

Measuring point
layout

Test plan QA X

Pre-test measuring
device

Sampling equipment X

Test X

Test Report draft X

Test Report QA X

Test report X

3.2.4. Test equipment

Flue gas flow:

The gas velocity is measured by a pitot tube determining the dynamic pressure in connection
with an inclined tube manometer. Based on the velocity and the area of the measuring cross
section the flue gas flow is calculated.

Reference: US EPA Method 1-3 /4/
Flue gas temperature:

A type K temperature sensor (NiCr/NiAl) connected to a digital thermometer (accuracy 1°C) is
applied. The indicated values are read with short intervals or recorded on a data logger.

Reference: VDI 3511 bl. 1-5, /5/

11



-

/. .
41'\_ DANETV

Moisture:

A well-determined partial quantity of flue gas is cleaned for particles and aspirated through a
column containing silica gel to adsorb the water. The collected Quantity of water is deter-
mined by differential weighing. Alternatively the weight gain of impinger trains, condensation
units etc. can be applied for moisture determination.

Reference: US EPA M. 4. /6/

3.2.5. Operational measurements

During operation, the following operational conditions are recorded and sampled, see table 2
and 3:

District heating flow

Temperature (inlet)

Temperature (outlet)

Power Consumption (in generally, all related systems)
Excess steam (temperature)

Fibrous material collected before and after the SHSD unit

3.2.6. Health, safety and wastes
The use of the product does not imply special health, safety and waste issues.

The work during testing is done according to the FORCE Safety Rules that are compliant with
the extensive Danish rules for safe occupational health and the European regulations of work
with chemicals.

Regarding waste:
The Cimbria Manufacturing, SHSD is build in an enclosed cabinet, which ensure that the
emission or environmental impact is limited if any. There are no air-born emissions from the

system. The condensate can be reused as fertilizers and the final by-product of the drying
process can also be used as fertilizers or bio-fuel.

4. Reference analysis

4.1. Analytical laboratory
Reference analyses are done by:

FORCE Technology

Park Alle 345

2605 Brgndby

Denmark

Phone +45 4326 7000
Contact: Susanne Westborg
E-mail swe@force.dk

Reference analysis

All analysis, measurements and calculations are performed in accordance to the FORCE Tech-
nology DANAK accreditation No. 65 /8/. For parameters not covered by the accreditation the
analysis is carried out according to well known and accepted standards.

12
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4.2. Analytical parameters

Dry matter content of the fibrous material from manure, before and after drying with Cimbria
Manufacturing, SHSD.

4.3. Analytical methods

Sampling and analysis of dry matter is performed according to Reference analysis: Refer-
ence/standard: CEN/TS 14774 — 1 /9/, Solid bio fuels.

Methods for the determination of moisture cont, uncertainty: +/- 0,2 % V/V, and refer-
ence/standard: CEN/TS 14774 — 3 /10/, Solid bio fuels.

4.4. Preservation and storage of samples

The samples are stored in a sealed glass bottle, and analyzed within 14 days from sampling,
according to the requirements in the mentioned standard.

5. Data management

Handling of data and calculation of results is performed according to the FORCE Technology
DANAK accreditation no. 51. For parameters not covered by the accreditation the analysis is
carried out according to well known and accepted standards.

Calculations are performed by approved and controlled spread sheet.

5.1. Data storage, transfer and control
All reading data is stored in handwritten form on paper and schemes.

All the data stored in data loggers is transferred to the FORCE computer system, which is
regularly backed up for data safety.

Analytical raw data is filed and archived according to the specifications of the DANAK accredi-
tation no. 51 /7/

6. Quality assurance

All measuring, handling of data and calculation of results is performed according to the
FORCE Technology DANAK accreditation no. 51 (also for parameters not covered by the ac-
creditation).

All measuring data is available in handwritten form.
Transfer of data from handwritten form to computer, is subjected to 100 % control.

Approved spread sheets for calculations of results is subject to an intensive control, to assure
correct calculations, and consequently no further control is necessary.

6.1. Test report review

The test report is subject to internal review by the verification responsible from FORCE Tech-
nology VTC:

William Hansen

E-mail: wha@force.dk
Phone +45 4326 7174

Cell phone: +45 2218 1138

13
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External review of the test report is done by the expert group assigned to this verification
(see paragraph 2.4). The re-view of the verification report will include the full test report as
an Appendix.

6.2. Data integrity check procedures

All transfer of data from handwritten form to computer, is subject to 100 % control by an-
other person.

Approved spread sheets for calculations of results has been subject to an intensive control, to
assure correct calculations, and consequently no further control is necessary.

New calculations in spread sheets are subject to 100 % check of all formulas and spot check
of at least 20 % of all copies of the formulas.

7. Testresults

7.1. Test summary

The test was conducted at Fangel Bioenergi (Bigadan), @stermarksvej 70, 5260 Odense S on
behalf of Cimbria Manufacturing and coordinated by FORCE Technology. Cimbria Manufactur-
ing, SHSD was tested for its ability to dry manure fibres.

During operation, the operation conditions were recorded and sampled as mentioned in sec-
tion 3.2.5

The test was carried out over 4 day’s continuous running process. Representatives from Cim-
bria Manufacturing and FORCE Technology were at site under the whole period in order to
observe and secure samples and recorded data from the test.

In total 18 samples were collected. Due to decanter default 1 sample was discarded from the
data base.

7.2. Testresults

In order to determine the steam driers capability to dry manure fibres, measurements of the
dry matter content in the manure fibres and the related energy parameters are carried out.

7.2.1. Dry matter content in manure fibres

Based on the measurements and analysis from the verification test the dry matter content in
the manure fibres is concluded in table 4. Additionally the production capacity of the SHSD is
given. All values are average values from the entire sampling period starting on September
28" and ending on October 1% 2009.

14
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Table 4. Dry matter content in manure fibres (28.9 — 1.10.2009)".

Dry matter content in manure fibres®
(% * RSD?)
Inlet Outlet

32,4 +3,1 90,2 + 6,9

production capacity 858 kg/h*

! Refers to Appendix 6A (table 1-3): Results of all measurements - Manure
2 Refers to Appendix 6A — Table 1
? Relative standard deviation in %
? Refers to Appendix 64 — Table 3

7.2.2. Energy balance

The drying process of the manure is based on supply of energy in the form of heat. The
sources of this energy are the flue gas from the biogas engine and the electricity to the fans
circulating the drying steam inside the SHSD (see figure 1a). The energy from the flue gas is
captured in the heat exchanger which overheat the steam inside the SHSD and the circulating
fans ensure that superheated steam evaporates the water in the wet manure. The excess
steam energy (Q.) from the drying process is later utilized into district heating. The remaining
energy after the district heating is derived as condensate. Figures 1a — 1c are schematic dia-
grams of the flow of energy and manure to and from the SHSD.

Figure 1a. SHSD flow diagram of Energy and Manure.

Superheated
Steam

v

Wet

Manure D
SHSD v

Manure
Electricity }

Excess
Steam

. 4 4

Conden District
sate Heating
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The energy used to dry the manure is provided by the sources mentioned above, i.e. flue gas
(Qrs) and electricity (Pe) assuming that the manure does not contribute to the energy input
(or output). Regarding the energy provided by the fans it is assumed, that 85 % of the elec-
tricity input to the fans is used to move the fans or used to equipment outside the SHSD and
the remaining 15 % is transferred to heat inside the SHSD.

The SHSD energy demand is given in table 5 and table 6 reflect the available energy from the
process and how it is recovered.

In Appendix 6 all test results from the measurements are given (App 6A: Manure, App 6B:
Flue Gas, App 6C: Condensate and App 6D: Electricity) and appendix 4 shows the calculation
formulas used.

Table 5. Energy demand to dry manure (28.9 — 1.10. 2009)" 2

Energy flow | par'amgtér: PERSE A
1ergy riow ’arametel paremeter| M| 7
Energy contribution from the 0 Qrs (inlet)| 2.457 1.407
flue gas to the heat exchanger i Qs (outlet)|  1.050 '
Input ;
Electricity to fans P. 27
Total Input |

Gross energy needed to evaporate 1 kg of water is 3 MJ*

' Refers to Appendix 6A — 6D: Results of all measurements

2 Refers to Appendix 4: Calculations formulas

® Calculated as 15 % of electricity input to fans (27 MJ = 176,8 MJ x 15%) — see appendix 6D

* Calculated as 3 MI=1.434 MI/h ( input)/489 kg/h (evaporated water ~ mass of condensate(see Appendix 6C))

Table 6. Energy recovery in the plant (28.9 — 1.10. 2009)" 2

Energy flow ~ Parameter 0

rgy fiow: | arameter Sk B

E tribution from th Oa] &

nergy contribution from the

excess steam Qs Q| 1.104 1.288

Output Qs3 164
Energy loss Q. 146
TI utput 1.434

Net energy needed to evaporate 1 kg of water is 0,6 MJ*

2,4 M1 /kg is utilized energy for district heating

' Refers to Appendix 6A — 6D. Results of all measurements

2 Refers to Appendix 4. Calculations formulas

3 Galculated as 15 % of electricity input to fans (27 MJ = 176,8 MJ x 15%) — see appendix 6D

* Calculated as 0,6 MJ=(1.434 - 21-1.104 Mi/h (output) )/489 kg/h (evaporated water ~ mass of condensate(see

Appendix 6C))

16



{(;;\NETU

The calculation of energy used to dry the manure is associated with uncertainty due to the
measurements included. This uncertainty is estimated to approximately 10 % and it is to
some extend included in the figure of the energy loss (Q). Figure 1b including the energy
loss and figure 1c including energy values (MJ).

Figure 1b. SHSD flow diagram including the energy loss Figure 1c. SHSD flow diagram with energy values (MJ)
Superheated
Steam QH’
1.407 MJ
v
Wet > Dry } I
Manure Manure
SHSD 5 a
Electricity } Loss } ) ’ SHSD ! }
27T M) 146 MJ
Excess
Steam 08
D . 1.288 MJ
sate I?jl?r?g v

7.3  Deviations from test plan

The test was performed according to the test plan. There were no deviations from the test
plan regarding measurements, data logging and sampling.

However some process problems occurred during the test, but the influence on the results of
the test and the test itself is probably limited or confined when taken care off.

The first problem occurred on the 29th September, where the decanter went faulty due to a
blockage. The blockage gave high water content in the inlet to the SHSD system — above the
systems limit, and as a result a poor effectiveness over the system. After the problem had
been taken care of, the decanter was back on-line. The SHSD system was on stand-by for
approximately 30 — 45 minutes. The break is considered as neglect able.

The second problem occurred after the blockage of the decanter and gave an ongoing prob-
lem throughout the rest of the test. Dust from the fibrous matter gave some growth on the
heat exchanger and could on a long term basis give some problems if not taking care of. A
routine, where the SHSD system was inspected every 12 hours, was introduced to take care
of the problem.

AN C//'\. e e €

Signed by 12/5-10 | Signed by 12/5-10
Annemette Geertinger ™~ Date Ole Tvede Larsen Date
Technical Vice President Test Responsible

DANETV Steering Committee member DANETYV Verification Centre

FORCE Technology - Air Emission and Energy Efficient Technology Verification Centre
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Super Heated Steam Drier flow sheet
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Appendix 4

Calculation formulas

Cimbria Test Report
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The following table shows the calculated formulas used for energy calculations between
different units. All values used in the calculations are average values.

To calculate energy content the following formula in Table 1 is used:

Table 1. Calculation formula used for Energy Calculations

Energy sources

Energy parameter

Calculation formula

Electric Power

(Pe) Pe Pe® = E° x I x cos ¢°x 3.600  (kJ)
Qs Qe =VxCp?xCvexT (k)
Qc Qc=MxCvxT (kJ)
Energy (Q) Qs 120°C 9 steam to 100 °C steam Qs =MxCp"xAT (k)
Qs 100°C steam to 100 °C water Qe=Mxr (k)
Qs 100°C water to 20°C° water Qu=MxCp' xAT (k)

Symbol E | cos @ Vv T Cp Cv M FG C S r
Term Electr!c Current Phase | Volumetric | Tempe Density Specific Mass Flue | Conden- | Excess Heat of

potential factor flow rature heat Condensate | Gas sate Steam | Evaporation
Unit v A m® °c kg/m® | kd/kg °C Kg

% For 3 phase motor multiply with 1,73
b The electric potential (V) for the Pe calculation is 400 Voltage
¢ cos @ is used to determine the efficiency of the electric motor. The cos ¢ value used in the calculation are the

values given on the electric motor rating plate, which and can vary from the actual cos @ value.

Cp is assumed to be 1,1 kg/m3. Cp varies depending on the fuel.
® The specific heat for Flue Gas is 1,0 kd/kg °C
f The specific heat for Condensate is 4,2 kd/kg °C
g Temperature is assumed values based on experience.
_h The specific heat for steam is 2,14 kJ/kg °C

' The heat of evaporation is 2.257 KJ/kg

I The specific heat for water is 4,18 kJ/kg °C
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Rekvirent :

Sag 109-20531.12.02 Journal nr.: U09-858

Vedr.: Platform 3, Videncenteret

PROVNINGSRAPPORT
Undersggelse af gyliefibre

Prgve af 19 stk gyllefibre
Meerket : Tilgang, Pr. 1- 19
Emballage 1 19 stk teette glasflasker
Prgve meerket Prgvens stgrrelse i g % ta@rstof bestemt v, 105° C
1 1618 g 31,7
2 2215 g 30,6
3 1735 g 31,2
4 2234 g 31,3
5 2366 g 31,2
6 189,7 g 31,8
7 2451 g 30,4
8 1876 g 32,1
9 173,1 g 33,1
10 1844 g 32,6
11 146,2 g 32,8
12 1549 ¢ 32,5
13 1659 g 33,3
14 1520 g 33,1
15 1669 g 34,0
16 171,1 g 33,6
17 1723 g 33,1
18-Test 192,6 g 33,0
19-Produktprave 1983 ¢ 32,6

Side 2 af 2




Rekvirent :
Sag 109-20531.12.02 Journal nr.:U09-860
Vedr.: Platform 3, Videncenteret

2009.10.08
Att.: WHA

PROVNINGSRAPPORT

Undersggelse af kondensat

Sag. nr. : 109-20531.12.02
Rekvisitions nr. -
Prgve modtaget d. : 2009.10.05
Prgvningstermin :  2009.10.05-2009.10.05
Resultaterne for prgvningen findes pé side: 2
FORCE Technology
Susanne Westborg ) Henmng Munk Jenden
Specialist v Tekniker ~
Kemisk Analyse Kemisk Analyse
Side 1 af 2
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Rekvirent :
Sag 109-20531.12.02 Journal nr.: U09-860

Vedr.: Platform 3, Videncenteret

Undersggelse af spildevand

1. Prgve af Kondensat Maerke Kondensat Emballage  glasflaske
2. Prgve af Maerke Emballage
3. Prgve af Maerke Emballage
Prove Enhed 1. 2, 3
Ledningsevne ved 25 °C DS/EN 27888 pS/cm 4 4 4
pH-vaerdi ved 25 °C DS 287 Y S A
Suspenderet stof DS/EN 872 (ar/a) mg/I| A 4 Y
COD¢r Kemisk oxygenforbrug DS 217 mg/| 4 4 4
Chlorid (e DS 239 mg/! 4 4 4
Sulfat (8047) DS 286 mg/I 4 4 Y
Total fosfor (P) DS/EN 1SO 6878 mg/1 Y 4 A
Syreoplgselige metalier: Oplukning if. DS 259 og

Arsen (As) DS/ISO 17294-2 (ICP-MS) pg/l Y 4 W
Cadmium (Cd) DS/ISO 17294-2 (1CP-MS) Hg/l Y A 4
Cobalt (Co) DS/ISO 17294-2 (1CP-MS) ug/l 4 4 Y
Chrom (Cr) DS/EN 15011885 (ICP-OES) ug/i A 4 A
Kobber (Cu) DS/EN 15011885 (ICP-OES) Hug/l A Y i
Jern (Fe) DS/EN 15011885 (1CP-OES) Hg/l Y A A
Mangan (Mn) DS/EN ISO11885 (ICP-OES) Mg/l A 4 A
Molybdeen (Mo) DS/ISO 17294-2 (ICP-MS) Hg/l V7 Y 4
Nikkel (N) DS/EN 15011885 (ICP-OES) ug/l W Y 4
Bly (Pb) DS/ISO 17294-2 (ICP-MS) Hg/l Y A 4
Zink (Zn) DS/EN 15011885 (1CP-OES) Hg/l 4 4 Y
Vaegtfylde (mdlt v. 22° C) g/mli 0,999 4 4
Udseende Uklar Vi A4

gulgren

Bemeerkninger:

7 1 Ikke analyseret parameter

Side 2 af 2
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Undersggelse af fast braendsel

Sag. nr. : 109-20531.12.02
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Rekvirent :

Sag 109-20531.12.02 Journal nr.: U09-859

Vedr.: Platform 3, Videncenteret

PROVNINGSRAPPORT
Undersggelse af gyliefibre

Prgve af ¢ 18 stk gyllefibre

Meerket . Afgang, Pr. 1- 18

Emballage . 18 stk testte glasflasker

Prgve meerket Prgvens stgrrelse i g % tgrstof bestemt v. 105° C
1 751 g 96,3
2 662 g 95,6
3 81,2 g 83,0
4 886 g 96,0
5 93,1 g 96,9
7 1000 g 60,9
8 98,4 g 87,5
9 734 g 93,7
10 809 g 95,2
11 930 g 81,0
12 970 g 89,3
13 93,1 g 81,0
14 794 g 96,3
15 883 g 88,7
16 1114 g 85,7
17 1148 g 81,6
18-test 838 g 87,6

Side 2 af 2




Cimbria Test Report

Appendix 5B T
PP |\ DANETV FORCE

Graphs showing the current usage during the test
on all relevant components
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Cimbria Test Report

Appendix 5C {” ety |EYFORCE
{ , -

Printout of the calculation of the volumetric flow
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Cimbria Test Report

== | 1ECHNOLOGY

Appendix 5D * DANETV FORCE

Logbook of sampling collection and manual measurement
of dry, wet matter and condensate
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red

Appendix 5E NFORCE

[ DANETV

Printout of flue gas (in & outlet), temperatures, flow decanter

Shown as graphs and summarized spreadsheets
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Appendix 6A

Results of measurements

Manure

Cimbria Test Report

DANETV

The following tables 1 — 3 shows the results from measurements of the manure during the
test. All data are average values.

Table 1. Dry matter content (26) in the manure measured in inlet & outlet.

. Dry matter in manure %o
Date Sample no? Time Yy
Inlet Outlet
1 15:15 31,7 96,3
2 23:17 30,6 95.6
29.09.2009 3 03:38 31,2 83,0
4 09:53 31,3 96,0
5 15:10 31,2 96,9
6 23:21 31,8 95,7
8 10:30 32,1 87,5
30.09.2009
9 15:37 33,1 93,7
10 01:08 32,6 95,2
01.10.2009 1 04:48 328 81,0
12 13:10 32,5 89,3
13 15:13 33,3 81,0
14 00:29 33,1 96,3
02.10.2009 15 04:12 34,0 88,7
16 07:50 33,6 85,7
17 33,1 81,6

a Sample 7 is discarded due to malfunction during the test

b Relative standard deviation in %
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Results of measurements
Manure

Table 2. Amount of manure - Inlet.

Cimbria Test Report

DANETV

Raw manure Time Time Total
Date (kg) A Kg Total | Raw manure (inlet)
Empty Full Start | Stop Kg/h
29.09.2009| 2.520 3.600 |1.080]11:58]13:13| 01:15 864
02.10.2009| 2.520 3.670 |1.150|11:29]12:50| 01:21 852
Table 3. Amount of manure - Outlet.
. . Total
Date Dry manure (kg) AKg Time TiMerotal Dry manure (outlet)
Empty Full Start | Stop Kg/h
29.09.2009| 2.520 2.770 | 250 |05:00)06:00| 01:00 250
29.09.2009| 2.520 2.820 | 300 |12:57]13:57| 01:00 300
30.09.2009| 2.520 2.820 | 300 |13:37)14:37| 01:00 300
01.10.2009| 2.520 2.780 | 260 |01:24)02:24| 01:00 260
02.10.2009| 2.520 2.810 | 290 ]01:39]02:39| 01:00 290
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Appendix 6B

Results of measurements
Flue Gas

The following Table 1 shows the results from measurements of the flue gas during the test.
All data are average values.

Table 1. Flue Gas — Energy source (Qgc)

Measured Calculated?®
Date Volumetric Flow | Temperature (°C) | Qs (MJI/Zh)
m3/h (n,d)” Inlet Outlet | Inlet |Outlet

28.09.2009 5.400 366 154
29.09.2009 5.400 402 165
30.09.2009 5.500 404 171
01.10.2009 5.800 397 187
02.10.2009 6.000 418 172
5.620 397 170

& For the calculation formula see Appendix 4
b Standard condlition, dry (0°C, 1013 mbar, dry gas)
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Appendix 6C

Results of measurements
Condensate

The following Table 1 shows the results from measurements of the flue gas during the test.
All data are average values.

Table 1. Condensate (outlet) — Energy source (Qc)

Measured Calculated?®
Date Mass (kg/h) | Temperature (°C)| Q¢ (MJ/h)
Outlet Outlet

28.09.2009 501 72,5
29.09.2009 470 81,9
30.09.2009 457 73,9
01.10.2009 487 76,7
02.10.2009 532 81,9
489 77,4

& For the calculation formula see Appendix 4
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Results of measurements
Electricity

TECHMNOLOGY

The following Tables 1 shows the results from measurements of the electricity during the test. All data
are average values.

Table 1. Electricity - Energy source (Pe).

Installed® Measured Calculated®®
ltem I (A) P (KW) I (A) Cos @° Pe (kW) Pe (MJ)
Fan 31 (cabinet M31) 12,00 5,50 9,33 0,93 6,0
Fan 32 (cabinet M32) 12,00 5,50 9,62 0,93 6,2
Fan 33 (cabinet M33) 12,00 5,50 9,35 0,93 6,0
Fan 34 (cabinet M34) 12,00 5,50 9,99 0,93 6,4
Fan 35 (cabinet M35) 12,00 5,50 9,45 0,93 6,1
Fan 36 (cabinet M36) 12,00 5,50 9,92 0,93 6,4
Fan 37 (cabinet M37) 12,00 5,50 9,45 0,93 6,1
jFan 38 (cabinet M38) 12,00 5,50 9,17 0,93 5,9
Symbol \Y, p | cos @ T

Term Volumetric Flow | Effect Power | Current | Phase factor Temperature
Unit m? kJW A (None) °c

a
b

The electric motor rating plate current

For the calculation formula see Appendix 4

° The electric potential (V) for the Pe calculation is 400 Voltage

d cos @ are used to determine the efficiency of the electric motor. The cos ¢ value used in the calculation are the values given on
the electric motor rating plate, which and can vary from the actual cos ¢ value’
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Appendix 3

Review Reports

Review report 1 |

Document title: Cimbria Test Report FINAL draft Document date: 09.12.2009
Reviewer name: | Stig Lind Schmidt Review date: 18.12.2009
Name:
Organization: Carlo Lorentzen Smed A/S
Address: Handvaerkervej 76
4000 Roskilde
Denmark
Telephone: +45 7222 8270
E-mail sls@cl-smed.dk

Review results

Rate items Satisfactory Unsatisfactory Overall recommendation
Contents X

Scope X Acceptable as is
Organization X Minor revisions X
Data quality X Major revisions

Method validity X Not acceptable
Conclusions X

Other (specify) Reason

Revision details

Topic Report chapter, Revision Reason Revision action(to be filled in by document
section, page required owner during revision after review)
CoS @ 7 X Argument for Adjusted in accordance with recommendations
7.2 / page 13 using COS @
is missing
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Review Reports

Cimbria Verification Report

Review report 2

Document title:

Cimbria Test Report FINAL draft

Document date:

9.12.2009

Reviewer name:

Orla Munk Jensen

Review date:

20.12.2009

Name:

Organization:

FORCE Technology A/S

Address: Hjortekaersvej 99
2800 Lyngby
Denmark

Telephone: +45 7215 7808

E-mail omj@force.dk

Review results

Rate items Satisfactory Unsatisfactory Overall recommendation
Contents X
Scope X Acceptable as is
Organization X Minor revisions X
Data quality X Major revisions
Method validity X Not acceptable
Conclusions X
Other (specify) Reason
Object to be formulated more
specific
Conclusions were not clear
Revision details
Topic Report chap- Revision | Reason Revision action(to be filled in by document
ter, section, required owner during revision after review)
page
Table 6 7 X Different order in Adjusted in accordance with recommendations
7217114 data
Results converted
into kg/h
Table 12 7 X Cp as density and Adjusted in accordance with recommendations
7.3/17 not mass
Energy 7 Missing outline chart | Adjusted in accordance with recommendations
balance 7.3/16 X with testresults
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