
































     Cimbria Verification Report
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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Figure 1. Diagram of Energy and Manure flow in the SHSD. 
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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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Calculation formulas  

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 Pea = Eb x I x cos φc x 3.600 (kJ) 

Q FG Q FG = V x Cpd x Cve x T (kJ) 

Q C Q C = M x Cvf x T (kJ) 

Q S1 120 0C g steam to 100 0C steam Q S1 = M x Cph x ∆T   (kJ) 

Q S2 100 0C steam to 100 0C water Q S2 = M x ri
 (kJ) 

Energy (Q) 

Q S3 100 0C water to 20 0C g water Q S3 = M x Cpj x ∆ T (kJ) 

 

Nomenclature 

Symbol E I cos φ V T Cp Cv M FG C S r 

Term Electric 
potential Current Phase 

factor 
Volumetric

flow 
Tempe
rature Density Specific 

heat 
Mass 

Condensate 
Flue 
Gas 

Conden- 
sate 

Excess 
Steam 

Heat of 
Evaporation

Unit V A  m3 0C kg/m3 kJ/kg 0C Kg 
    

 

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

values given on the electric motor rating plate, which and can vary from the actual cos φ value. 
d Cp is assumed to be 1,1 kg/m3. Cp varies depending on the fuel. 
e The specific heat for Flue Gas is 1,0 kJ/kg 0C 
f The specific heat for Condensate is 4,2 kJ/kg 0C 
g Temperature is assumed values based on experience. 
h The specific heat for steam is 2,14 kJ/kg 0C 
i The heat of evaporation is 2.257 KJ/kg 
j The specific heat for water  is 4,18 kJ/kg 0C 
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Results of measurements 
Manure 

  

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 (%) in the manure measured in inlet & outlet. 

Dry matter in manure % Date Sample noa
 Time 

Inlet Outlet 
1 15:15 31,7 96,3 

2 23:17 30,6 95,6 

3 03:38 31,2 83,0 

4 09:53 31,3 96,0 

5 15:10 31,2 96,9 

29.09.2009 

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 

11 04:48 32,8 81,0 

12 13:10 32,5 89,3 
01.10.2009 

13 15:13 33,3 81,0 

14 00:29 33,1 96,3 

15 04:12 34,0 88,7 

16 07:50 33,6 85,7 
02.10.2009 

17  33,1 81,6 

Average 32,4 90,2 
RSDb

 3,1 6,9 
  
 
 

 

                                                 
a Sample 7 is discarded due to malfunction during the test 
b Relative standard deviation in % 
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Table 2. Amount of manure - Inlet. 

Raw manure 
(kg) Time TimeTotal

Total 
Raw manure (inlet) Date 

Empty Full 
∆ Kg

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 
Average 858 

Table 3. Amount of manure - Outlet. 

Dry manure (kg) Time Total 
Dry manure (outlet) Date 

Empty Full 

∆ Kg

Start Stop

TimeTotal

 
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 

Average 280 
 

 2



  Cimbria Test Report
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 (QFG)

Measured Calculateda
 

Temperature (0C) QFG (MJ/h) Date Volumetric Flow 
m3/h (n,d)b

 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 

  

Average 5.620 397 170 2.457 1.050 

 

                                                 
a For the calculation formula see Appendix 4 
b Standard condition, dry (0°C, 1013 mbar, dry gas) 
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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 Calculateda
 

Mass (kg/h) Temperature (0C) QC  (MJ/h) Date 
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 

 

Average 489 77,4 159 

 

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

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). 

Installeda
 Measured Calculatedb c

Item I (A) P (kW) I (A) COS φd
 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 

 

Average 49,1 176,8 

 
Nomenclature 

Symbol V p I cos φ T 

Term Volumetric Flow Effect Power Current Phase factor Temperature 

J m3 0C Unit A (None) kW 

                                                 
a The electric motor rating plate current 
b  For the calculation formula see Appendix 4 
c  The electric potential (V) for the Pe calculation is 400 Voltage  
d  cos φ are used to determine the efficiency of the electric motor. The cos φ value used in the calculation are the values given on  

the electric motor rating plate, which and can vary from the actual cos φ value. 
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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 

Håndværkervej 76 
4000 Roskilde 
Denmark 

Address: 

 
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, 

section, page 
Revision  
required 

Reason Revision action(to be filled in by document 
owner during revision after review) 

COS φ 7 
7.2 / page 13 

X Argument for 
using COS φ 
is missing  

Adjusted in accordance with recommendations 

mailto:sls@cl-smed.dk
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Review Reports   

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 

Hjortekærsvej 99 
2800 Lyngby 
Denmark 

Address: 

 
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-

ter, section, 
page 

Revision  
required 

Reason Revision action(to be filled in by document 
owner during revision after review) 

Table 6 7 
7.2 / 14 

X Different order in 
data 
Results converted 
into kg/h 

Adjusted in accordance with recommendations 

Table 12 7 
7.3 / 17 

X Cp as density and 
not mass 

Adjusted in accordance with recommendations 

Energy 
balance 

7 
7.3 / 16 

 
X 

Missing outline chart 
with testresults 

Adjusted in accordance with recommendations 
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