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1. Introduction

The aim of this task is to check, according to the feedback from previous Deliverable 6.1 and some
findings about tools developed by some companies involved in energy efficiency issues, how these
software and tools could be used in TESLA auditing activities. All the conclusions will be incorporated

in this report D 6.2 Audit and training proposal report.

2. Target

Target group of this document are auditors who attendance to TESLA training course and who will do

110 energy audits in cooperatives of TESLA project.

3. Methodology

To reach this purpose several previous tools to be used in auditing phase were analyzed and checked
and as a result this guide has been elaborated to show how these tools can be applied in TESLA audits

and what main results they offer. Previous tools analyzed are the following:

PINE: Tool analyzes both thermal and electric devices like lighting, boilers, cooling, engine, fan,
compressed air, furnace, heating. As a result a report with suggestion and advices to implement
in the installation is shown together with a Sankey diagram with the information of the energy
consumes. This tool is very useful to check what energy efficiency state of cooperatives are and

to show what is the distribution of energy flows.

ABB Pump save: Tool analyze the possibility to install a speed driver in engines installed in
pumping process, analyzing what is the charge profile and the current engine power. As a
result a graph comparing previous scenario and energy efficiency scenario is shown. The tool
is very useful to analyze possibility to install frequency drivers in processes.

Eco8: It is a tool develops by Schneider electric in with is study the possibility to install a speed
driver in engines installed both in fan like in pump applications. As a result payback time and
energy saving are given. The tool is very useful to analyze possibility to install frequency
drivers in processes.

PEP: This tool is directed to improve performance in combined heat and power production,
compressed air, electrochemical processes, fans and blowers, industrial facilities (lighting,
HVAC). As results are given: potential annual CO; saving from electricity, fuel and steam, a
suggestion short text with the measures that should be implemented, graph with potential

annual energy savings by process, and annual energy use, classify by energy type and cost.
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Aislam: This tool is directed to improve the isolation devices: in flat plates, pipes, sphere and

special applications. As a result final pipe temperature, thermal resistance, and thermal flow

are given.

4. PINE

4.1. Tool description

Available in: http://circe2.deweb.es/herramienta/index.php

Every file or company data is kept and accessible by means of a username and password. If you want

to access an existing file for a given cooperative in case you want to recover one diagnosis, please

insert the login and password corresponding to the company. If you want to create a new file, click on

“Press here to proceed to the energy audit questionnaire”. To access the tool main screen there are

two options:

1- Insertlogin and password should you be a registered user.

2- Ifnot aregistered user, you must click "here" and register for the first time to access the

computer questionnaire tool.
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Figure 1: Mode in the tool

The questionnaire relating to the diagnosis tool, characterization and improvement of energy

efficiency includes two types of questions: Company data and issues specific to the equipment

installed in the company, their characteristics and mode of operation, well as the overall operation of
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the facility. The first screen after registering the generic data corresponding to the company, is as
shows Figure 2.

At the end of the generic data questionnaire you will be requested to provide a username and a
password for this particular company. If any of the compulsory data fields are empty or wrong they

will be marked in red after pressing “continue”
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Figure 2: Screen details

To continue the questionnaire and move on to the following screen, at least the mandatory fields
marked with an asterisk (*), must be completed then click on "Continue". Once the general data screen
for the company, the different blocks in which the questions are divided for the sector of activity
(NACE) - in case of TESLA, all agro industrial activities are included and several specific NACE code for
agroindustry cooperatives are available- to which your cooperative belongs start:

e Technical data

Boilers

Cooling devices

Engines, fans, pumps, compressors
Furnaces.

On the left of the screen you will be informed about the module of information you are in. On the right
top corner the company name and the log out button will be displayed. The first screen requests the
amount of production per year in m?, litres, tonnes or kg, as well as a free text box for additional

explanations about the type of product. One or more types can be filled in.
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Figure 3: Screen details for production volume.

[t shown in Figure 3, the various modules into which the screen is divided completion of the questions.

The structure of all blocks independently is similar:

1- Modules of the tool: It left the area in which the block is to be completed over the computer

tool.
We can observe that there are two symbols:

3 :Indicates the block in which module you are now

) :Indicates that the block has been completed and completed correctly.

2- Company name and log out button the tool: at the top right. It displays the name of the
company that is conducting the survey
Besides, you have the option "log out”, which allows you to quit the tool to continue from that
point later.

3-

aids for completing them.
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4- Back to the previous form: This option, located at the bottom left, drives you back to

previous screens on error in filling in the data. Once you get back the necessary screens, it is

again necessary to complete the questionnaire from the point at which the tool is at that

time. The reason is because whatever changes made in the entered information may entail a

path change in the decision tree.

In each of the forms, by continuing, any required information is missing, this will be marked in red as

shown in Figure 4.
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Figure 4: Image display incomplete data

At the end of each module a message communicates that you have successfully completed the module

and indicates what will be the next module to appear. Some questions may not be clear. If a blue ¥,

appears, you can click for further details and explanations as the example below. Some questions are

simply yes / no questions as in the example below. A default value will be proposed.
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Figure 5: Yes / No questions

Some questions may not be clear. If a blue®, appears, you can click for further details and

explanations as the example below.
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Figure 6: Help for a question
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Every section starts by asking for the number of devices of each kind. You will be prompted to fill in a
data sheet per each of the devices. If the company has several equal such devices you can fill in one,

and copy the data for the following equipment, selecting it from the right column.
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Figure 7: List of devices to be described.

Once inside the questionnaire, you will be requested to fill in the device characteristics depending on
the device you are describing. An important data will the loading factor, from 0 to 1. If unknown the

real value a 0.75 default value will be assigned.
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Figure 8: Sheet for device technical data.
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4.2. PINE Report
Once you have completed all phases of the software tool, you enter the final report proposed measures

for the company in question. The report is divided into several blocks, which are detailed below.

First, there is a first block which general data of the company have been made to the tool.
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1

COMPANY DETAILS

Company name: test2

Contact person: Juan Aranda

Phone number. 666666666 Fax number email: juan.aranda@unizar.es
Address: C/ olvido

Province/state: Zaragoza City/town: Zaragoza Postal code/ ZIP Code: 50018
Industrial Sector: Machinery and mechanical equipment manufacturing

Working hours per day: 10.0 Warking days per year. 255

Is there any sort of energy management: Number of workers: 100
No

Company turmnover in € (thousands): 10,000.00

COMPANY ENERGY OUTPUTS DIAGRAM:

Output distribution

Figure 9: Image general report data

Next, the report shows a pie chart showing the share of the existing cooperative consumption by type
of equipment. This diagram only shows consumer distribution outputs, if you want to also represent
inputs, then you should open an energy Sankey diagram of the company in which both aspects are
represented, for that purpose click on "View". This diagram will be added at the end of the report pdf

version.
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Company turnover in € (thousands): 10,000.00 =

COMPANY ENERGY OUTPUTS DIAGRAM: [

Output distribution

[ Energy at boilers
O energy at fridges / freezers
[0 energy at other devices (mainly engines and lighting

O Energy at furnaces
-/ s
42%

20x297mm €|

Figure 10: Company energy outputs diagram
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3-11 % enargy at freezers / fridges

4 -8 % energy at boile

Figure 11: Sankey Diagram
The next block in the report shows the general measures (without quantification) proposed to

improve the energy performance of the company. For each of the measures the corresponding device

described by the given name will be displayed in brackets.
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AUDIT RESULT: GENERAL MEASURES. E
THE ACTIONS PROPOSED WITHIN THIS GROUP MAY IMPLY IMPORTANT ENERGY SAVINGS, EVEN NOT BEEN QUANTIFIED [
1 [IREPLACEMENT OF INCANDESCENT BULBS BY LOW CONSUMPTION LAMPS.

Whenever possible, replace incandescent bulbs by low consumption lamps. If the working hours are high, consider the LED lamps as W

savings are even greater.
2 []JCONSIDER THE USE OF LED TECHNOLOGY LAMPS.

If the lamp is on for a long time throughout the year, then consider the possibility of using LED based lamps. They are more expensive

but savings are even greater.
3 [IINSTALL ELECTRONIC BALLAST PRIMERS FOR THE DISCHARGE LAMPS.

Discharge lamps need to be equiped with primers and ballast. Electronic ballast are more effiicient than electromagnetic ballasts.
4 [1SET A LIGHTINGPREVENTIVE MAINTENANCE PLAN.

This plan should include cleaning and revision. Having the walls and ceilings painted in light colours helps to reduce the ligthing

THE PROCESS AND THE BOILER EXHAUST GAS TEMPERATURE TO FINE-TUNE THE COMBUSTION
process temperature to supply hot water or process steam will allow to set the heat production to the process needs, =
| >

210%297 mm <

Figure 12: General recommendations for energy improvement
Following, there is a general measures block with those measures by type of energy that it is possible

to quantify.
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tal electricity savings

1 FREEZER 11SET THE EQUIPMENT PRESSURE SWITCH ACCORDING TO THE YEAR SEASON (WINTER / SUMMER)
Cooling system compressors are limited by the top pressure (condensation) and bottom pressure (evaporation). The compressor
pressure is controlled by a switch. The most adverse operating conditions occur in summer due to the high ambient temperature, that
affect the device performance. [Therefore, compressors are designed to work at the top pressure level, which is most likely not needed
in winter. If the pressure switch settings are not changed, the equipment would be operating at summer worst case conditions, thus
loosing efficiency for winter working conditions. There are potential saving of 2% with respect to initial equipment consumption
Saving: 4200y 4800 kWh/year

2 [ENGINE REPLACEMENT BY A HIGH EFFICIENCY ONE.
For heavily used engines (more than 15 hours/day) older than 10 years it is strongly recommended to replace conventional technology
engines by high efficiency ones, saving up to 40% with respect to the initial engine consumption. High efficiency engines provide the
same power at a much lower consumption, and extend the device lifespan. They work better out of the nominal conditions and at low
temperatures.

19000 y 22000 WNgh/year

3 [IINSTALL VARIABLE SPEED DRIVES FOR ENGINESC > ~4 kW THAT WORK AT #ARIABLE LOADS.

For engines submitted to variable loads, it is interesting to be able to modify the englhe speed to adapt the power to each moment's
needs, instead of wasting energy by making the engine work at full power at all time®§ (This is achieved by means of a variable speg
drives that, at the same time, smooth the start up profile to provide a more efficient wd

Saving:

57000 y 64000®Nh/year

Saving: 80000 y 90000 kWh/year

Figure 13: Energy improvements report, quantified measures
As seen in Figure 13, the savings are quantified using a range of values. Below is an overview of the
initial situation of the company, shown by a red bar, and the consumption after the implementation of

the measures proposed in the diagnostic report shown by a green bar.
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Figure 14 shows the energy consumption by type showing the initial and the final consumption
estimations. Please bear in mind that this is an average estimation of the savings achieved only by the
full deployment of the quantitative recommendations. If the generic recommendations were

implemented as well, the savings would be larger, although impossible to estimate.
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Percentages and energy savings results [

Electrical consumption

Initial | 170000 y
190000 €
with savings - TS 150000 y
1jgoooo €
Thermal consumption .
Initial | 43000 y 55000
€
with savings | 46000 y 52000
€
2002207 mm & I s ~

Figure 14: Picture showing the initial and final company consumption estimation

To summarize the actions proposed and the expected estimated impact a final summary table is
provided, first showing generic qualitative measures and the associated equipment, and then, showing

the quantitative measures and the amount and range of savings by type of energy as shown below.
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‘Audit result: generic measures by equipment ‘ |

N° Equipment Recommendation Saving

2] |CONSIDER THE USE OF LED TECHNOLOGY LAMPS. Not quantifiable
4]  [SETALIGHTINGPREVENTIVE MAINTENANCE PLAN. Not quantifiable

FIND OUT THE PROCESS AND THE BOILER EXHAUST GAS TEMPERATURE TO Not quantifiable

FINE-TUNE THE COMBUSTION PROCESS.
8] | SENERAL RECOMMENDATIONS Not quantifiable Bl
| 10 |Freezer1  |DEFROST PERIODICALLY Not quantifiable

12 |furnace 1 MEASURE THE FURNACE EXHAUST GAS TEMPERATURE TO OPTIMIZE IT Not quantifiable

‘Audit result: specific measures by equipment ‘

210297 mm < i I ]

Figure 15: Summary table with the generic recommendations and the associated equipment

%) pdf2tcpdf.php (objeto application/pdf) - Mozilla Firefox

frchive  Edtar  Wer  Historidl  Marcadores  Herramienbas  Ayuda

E| ( 6 ] {7} pdfetcpdf.php (objeta ap... >
| & | @ circe2 deweb esiherramientafz/pdf 2tepdf. php wve ‘ ]?] ~ Google p| H
Més visitados [ | Comenzar ausar Firef... [ Corporate Sustainabil.. [ Galetia de Web Sice [ i Hotmal gratuito ™ Moodle de Ia Universid... ©; Sitios sugeridos (| Softonic - Programa d... [ Seftonic - Oltimas nos... [

2 |Ahorro en INSTALL A CONDENSED WATER HEAT RECOVERY SYSTEM TO SAVE ENERGY AND| 28000 y 32000
condensados WATER. kWhiyear
Total saving: | 38000 y
43000kWh/year

2 ENGINE REPLACEMENT BY A HIGH EFFICIENCY ONE. 19000 y 22000
kWh/year

Total saving: | 80000 y
90000kWh/year

T

2 |boiler 1 REVISE THE EXTERNAL BOILER INSULATION AND CREFRACTORY MATERIAL 2800y 3300
kWh/year

Total saving: | 12000 y
14000kWh/year

Thermal savings percentage 5y7%

Electric savings percentage 7y9% v

Figure 16: Summary table with the quantitative recommendations and the associated equipment, as well as the
savings estimation.
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Finally, there is a table with the percentage of savings by type of energy that would result from the

implementation of the proposed measures. In the example these values are the following:

e Thermal savings percentage 5y 7 %

e Electric savings percentage 7y 9 %

Please bear in mind that

e This is an estimation range varying from a top number and a bottom number these are based

on the implementation of all recommended measures and always compared to the best

available technology. Hence, these are maximum ranges of expected savings.

e The total savings will depend on the actual consumption.

In case you want to save the final report document, print it, etc ... you can have it in PDF format, by

clicking on "View document in PDF format" at the top of the final energy assessment report.

5. ABB PumpSave

5.1. Tool description

Available in: http: //www.abb.com/product/seitp322/5fcd62536739a42bc12574b70043c53a.aspx

To access to this tool is necessary to download before the software from company webpage indicate

above. Once software has been downloaded you can use it. It is important to indicate that this tool is

developed in excel file so it is not necessary to install any software, only download and open excel file.

To do an assessment is not necessary to complete different stages due to all information is in main

screen shows in Figure 17 .

[3[[[[5Y (4.4 _Eneray saving calculator forpumps L8

System Data
Liquid density 1000 ]kg/m* Static head |
Pump Data
Nominal volume flow [_1100_|mé/h Efficiency 88%
=>305,6 lIs
Nominal head [ m Max head [44 m
Existing Flow Control
Throtting control (=]

Motor and Supply Data

Supply voltage 115 (10h) [ | 115V 1-ph
Required motor power:
Motor power KW 1236k
including 10% safety margin
Motor efficiency 2
Operating Profile
Annual running time | 8.760 |h

= @

Measurement Units
@« Metric " US

Calculated by:
Calculated for:
Pump ID:

Improved Flow Control by ABB Drive series:

ACS550 m

No suitable type found.

Results

Saving percentage
Annual energy consumption:
with existing control method
with improved control methed
Annual energy saving
Annual CO? reduction
'CO2 emissionfunit

Economic Data
Currency unit
Energy price
Investment cost
Interest rate
Service life

Auto-adjust
screen size

Save calculation |

b |

Energy Consumption

500.000

800.000

700.000

£00.000

500.000

400,000

300.000

200.000

100.000
o
e | Thrattling cantrol AC Drive
1400
— Pover )
] .
100,0
80,0
om0 e —
M —
[ 460 |mMwh 00 Flow rate
T "0 30 4 s 6 70 80 %0 100
== 0.6]kg/kWh e ThYGHing @] e AC Driv
o1 JEURKIvh Economic Results j
7.000 |EUR Annual saving [ 45864 |EUR
Payback period [ 02 Jyears
10 Jyears Net present value 365.808 |EUR
Send to
st pir Giose progam Ann

Figure 17: ABB Pump Save tool, main screen.

BT 5% = 438h  atnom fow N
E{f0)% - 876h at90% flow <
E El 5% = 1314n at 80% flow £ :g
= = 1752h at 70% flow £ &
A = 7520 at60% flow g
u El 15]% = 1314h athalfflow e *W
# E{ 0% = &76h at40% flow :f
El 5l% = 438n at30%flow &
EH % = 0h  at20% flow
100
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Language can be chosen by clicked in window located in the top right area of the screen.

To do a completed assessment is necessary to follow the following steeps:

System data: it is requested information about liquid density (kg/m3) and static head (m).

Pump data: it is requested information about pump, like efficiency (%), pump max head (m),

nominal head (m) and pumping flow (m3/h).

Existing flow control: it is requested information about what flow control is installed. It is

possible to select: “throttling control”, “on / off” and “hydraulic control”.

Motor and supply data: In this area information about electric engine must be completed, like

supply voltage, power and performance.

Operating profile: It is requested information about how many yearly operation hours the engine

has and what is the profile charge.

5.2. ABB PumpSave report

As aresult tool offers several results as are show in Figure 18.

screen size

IP“mnsa"e 4.4 Energy saving calculator for pumps ‘ English j.
. Energy Consumption
System Data Measurement Units
& Metric €S =
Liquid density 1.000 |kg/m® Static head [1 Im i w000
Fump Data Calculated by: 400,000
Nominal volume flow [ 1000 ]m#h Efficiency 95% Calculated for:
=>21T.8 s Pump ID: 200,000
Nominal head m Max head 4 m
20000
Existing Flow Control Improved Flow Control by ABE Drive series:
100000
Throtting control =] acs1s0
3
Motor and Supply Data No suitable type found Copy to M e AC Drive
Supply voltage 690V i 525/550/575/600/660/690 V. 70,0
Required motor power: 60,0
Motor power K a3 Results w00
including 10% safety margin § >
Motor efficiency 95,0 % j Saving percentage 71.9% et rd
. Annual energy consumption: 300
Operating Profile with existing control method [ 549 |MwWh 20,0
Annual running time | 8.760 |h with improved conirol method [ 154 |MWh 100
o 3w Annual energy saving MWh 00 Flowrate
B 5% = 438h atnom. flow N Annual CO2 reduction i 30 40 B 60 70 80 % 1
Ef 0% = &76h at90% fow f@ kg/kWh -
g El 5% = 13140 at80% fow £
| El20% = 1752n at70% flow £ & Currency unit .
A | ELz0% = 1752n at60% fow § & Energy price Economic Resuits
Ul Ef151% = 1314h athafffiow < Investment cost Annual saving [ 3808 |EUR
# E{ 1% - 876h at40% fow ;; Interest rate Payback period [ 02 Jyears
EL 5% = 438h at30%flow pe Service life 10 Jyears Net present value 313.421_|EUR
Eo% = on  at20%fow
100 Auto-adjust Save calculation Send to Close program npn
default printer

Figure 18: ABB PumpSave economy results

P

Main offered results are saving percentage, annual energy saving and annual CO; reduction. Moreover

economy results like payback time or net present value are also calculated.

To give additional information some graphs are shown in which energy consumption in current and

efficiency energy situation is offered and comparison between flow rate and power demand by speed

driver and by current regulation control are given.

IEE/12/758/SI2.644752

Deliverable 6.2: Audit and Training Proposals Report



Transfering Co-funded by the Intelligent Energy Europe
Programme of the European Union

Laid on Agroindustry

Energy Consumption

800.000

500.000

400.000

300.000 -

200.000

100.000

o4
Throttling control AC Drive

70,0

60,0 = POweT TR —

50,0

\
40,0 >
! /

/

30,0

20,0
10,0 —-"'/
0.0 —-_-__-____-—- . . _ Flow rate
20 30 40 50 &0 7o &0 90 100
e Throttling contral s A G Dr e

Figure 19: ABB PumpSave energy graphs

To finish is necessary to mention that by click in “save calculation” button is possible to save the

assessment process and by click in “send to default printer” is possible to print it.

6. Eco8

6.1. Tool description

Available in: http: //www.schneider-electric.com/products/ww/en/5100-software/5110-electrical-
design-software/2235-eco-8/

To access to this tool is necessary to download before the software from company webpage indicate
above. Once software has been installed in your computer is possible to use it as is described below. In
main screen shows in Figure 20 are 5 steeps to complete the assessment process. These processes are:
Project information: it is requested general information about project name, company name;
responsible to do the assessment, etc... these fields are not mandatory to be completed.
However is recommended to do it, due to tool allows saving files in your computer and this

information can be useful to identify a calculation process saved in your computer.
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5] Ecos -
S Edt View Caluste Froject Help

D B2 e t‘\
Project infarmatlanmﬂinn | Installation characteristics | Cydic duty | REW |

Instalation 1 >z

Project name

Name of installation

Originator  Company

Person responsible

Praject Company

Persan responsible

Instalation sie

Date of the calculations 16-0ct-2013

Figure 20: Eco8 main screen, project information definition

Type of installation: it is necessary to indicate if installation is for industrial or for building

applications; moreover the use of engine must be indicated choosing pump or fan processes. In

this stage if there is any control system of process like bypass in pumping or dumper in fans

must be clicked.

O . e
LT . S S
Type of installation

-
s selection

Ialec guide vame comcrol @

The flow is segulated macsally of eutometically by & vane on the ialet of the pum which allows

tncreasing or decteasing of the area ia which the water cam ficw.

Figure 21: Eco8 type of installation screen

Installation characteristics: power of electrical engine must be indicated, with this

information tool establishes a predetermined values of current, cos phi and engine

performance, however this values can be modified. Moreover is possible to indicate IP

protection grade of device from IP2* to IP5* With this information software offers the model

of speed driver to be installed in this application. At the end is possible to indicate the price of
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equipment that must be obtained from key actors and the price of electricity. This information

will be used to calculate economy payback time.

Electrical engine

characteristics and speed

driver Price definition

Figure 22: Eco8 installation characteristics screen
Cyclic duty: this screen offers possibility to indicate what is the operating profile charge of the
engine, indicating how many hours is working the engine at different power and how many
hours or days per year operates this process. It is recommended to complete it with

information obtained from grid analyzer in measuring process.

7] Eco8 -
Sle Edit View Calculate Project Help

R B R I | = Installation 1 >3

Project information | Type of i ion | i (hara:te&ti:s\ Cyclic duty ‘5*“‘“'

Cyclic time for differents duties.

Time interval

Information on flow per day 250
Flow (%) Time (h)
[ Information on Flow per wesk
100 1 - .
0 o Profile charge [l rformation o fow per month
80 a
Fo 5 .. [ Information on flow per year
|@ o s definition
50 =]
la0 o
130 =] L3 In the case where of flow is not
_ 1 necessary, the use of an ALTISTART 48 allows
1 the elimination of currrent peaks on starting as well

a5 reducing water hammer during stopping

Figure 23: Eco8 profile charge definition screen

6.2. Eco8 report

Results: It is lastest window of software. It offers information about how much active and
reactive energy can be yearly saved, what is yearly economy savings and what is the economy

payback time of the investment measured in month.
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] Ecos-
le Edt Vew Calculste Project Help

R Nl Inscalaton 1 =
roject i ion | Type of installation | i istics | dilic duty || REstifts
v

Results

Without: Akivar  With Altivar

Active power kWh/year
Reactive power 120213 68837 - i
Main results
‘Annual money savi.. 8734 €/year
-
Payback 17 month(s)

Figure 24: Eco 8 result screen

In case you want to save the final report document, print it, etc ... you can have it in PDF format,

by clicking on “File” menu and after that in “Save as” or in “Configure printer” options.

7. PEP

7.1. Tool description

Available in: https://ecenter.ee.doe.gov/em /tools/Pages/Downloads.aspx

To access to this tool is necessary to download before the software from U.S department of energy
webpage indicate above. Once software has been installed in your computer is possible to use it as is
described below. In main screen shows in Figure 25 are 8 steeps to complete the assessment process.
These processes are:
Steep 1 - Case information: In this screen general information about cooperative may be
indicated, like: name, type of industry and contact name. There are other not mandatory fields
like region or country that have not to be completed, moreover due to is a tool develop in US

European regions are not available.
Step 1 - Case Information DDD

Welcome to PEP. You are not currently logged in or registered. You will stil be able to work on a new case but the data will only be saved to
your local desktop as XML format using the "Save to File" option.

Start New Case ‘ -OR- | Open From File

Enter a name for your case and a name for the plant or faciity. Then enter the basic information about the fadilty. If you do not see your
industry in the drop down list please select Other and enter your industry. Please note that if you select Other, then the energy and cost
savings wil be calculated using generic nationwide defaults. Click on the toal tip icon next to the industry entry to view definitions for all
industries.

Case Name ¥ ejemplo 1

Plant Name

State/Region
County
Industry &% |Food, Beverage & Tobacco
Contact Name

Contact Email

Save to File Save & Continue

Figure 25: PEP software main screen
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After that by clicking in save and continue button is possible to pass to the next screen.
Steep 2 - Energy use systems: In this screen what systems are installed in the cooperative

may be indicated by click as it is shown below:

Step 2 - Energy Use Systems |:||:|

Select all of the energy use systems that are in use at your plant. It is important that you understand the definitions that PEP uses for each energy
use system. For definitions of each energy use system, click on the tool tip next to the system name.

*This step cannot be skipped as it is imperative to the functionality of PEP.

Case Name: ejemplo 1 Case Status: Offline {8

Combined heat and power (cogeneration) @

Compressed Air (]

Electrochemical processes ‘»@

Fans and Blowers 4

Industrial Fadilities (Lighting, HVAC, and Fadlity Support) t"
Materials handing &%

Materials processing &

Process cooling and refrigeration ‘-“3‘

Process heating 4%

Pumps €8

EEO0O0D0DEEOEO

Steam Generation Equipment  &¥'

‘ Previous ‘ ‘ Save to File ‘ ‘ Save & Continue ‘

Figure 26: PEP software energy use systems definition

After that by clicking in save and continue button is possible to go to the next screen.

Steep 3 - Energy use systems scorecards: In this screen there are four questionnaires to
know what in the energy management. These questionnaires are: general energy management
questions, compressed air scorecard, pumps scorecard and steam generation equipment
scorecard. In each of these several questions about energy management plan, operation

condition and maintenance about equipment are requested.
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Step 3 - Energy Use Systems Scorecards E]E]

This =te=p is oplional; however, youwr answers to e guestions Below affect the potential 2nd use savings and recommendations shawn in the
resufis.

I you wish o skip thiz step, dick on the Step 4 icon in the top-right comer of the scre=n.

Case Mame: zjempio 1 Case Stetuss (i £F

General Energy Management Questions N

Do=s your company have a formal written enengy management plan?
Hanve you Tormed an energy management t=am at your plant?

Does your company have a formal method of communication in place for emplayees to suggest enengy saving opportunities?

Your Compressed Air System
Have you developad a besic block disgram of the system?

O Yes @ Mo

Harve you developad & pressure profile of your systsm to datermine pask damend and dynemics of demand?

) ¥es &) Mo

Harve you estimated totsl compresssd air flow duning diTerent =hifs?

O ¥es @ e

i
|

you pres=ure st various points in the: sy=tam to debermine pressurs dop?

) Yes & Mo

i
1

mezsured compressed sir temperaturs t various poinks in e supply system?

) Yax & Mo

i

you atimaled leak load?

) Yas @ Mo

Figure 27: PEP software steep 3 screen

After that by clicking in save and continue button is possible to pass to the next screen.
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Steep 4 - Production information: Complete this information is optional. The purpose is to
evaluate energy intensity and energy savings on per unit of production basis. By click in link
“Add new production stream” is possible to add new products.

Step 4 - Production Information (Optional) [ 1][2][3][a][=][s][7][2]
Physical Units of Production

Use this screen to enter production information for your plant. This information will be used to calculate energy intensity and
energy savings on a per unit of production basis.

Examples

= Production - If your plant measures its production by weight then you might enter "Tons" in the Units box below and you
would enter the average number of tons of product that you produce per period.

- Employees -You might track your energy costs are per employee. Then you would enter the word "Employees” in the Units
box and the average number of employees per period.

= Gross Sales - If your production lines are more complicated you may want to measure your production based on gross
sales. In that case you would enter "Gross Sales Dollars” in the Units box and the average gross sales amount per period.

As you can see from the above examples you are free to enter any type of metric that measures production or activity at your
plant. This information has no impact on the calculations of total energy savings by PEP. It is only used for your final report to
show costs and savings per unit of production (or whatever metric you entered).

Case Name: ejemplo 1 Case Status: Offline €
Production Line Name Product Name Average Quantity Units Period Percent Consumption ?j
No data to display
Add New Production Stream
‘ Previous | | Save to File | ‘ Save & Continue ‘

Figure 28: PEP steep 4 screen

In the following figure is possible to see one example of product introduce in tool.

Step 4 - Production Information (Optional) [1][2][3][4][5][¢][7]

Physical Units of Production

Use this screen to enter production information for your plant. This information will be used to calculate energy intensity and
energy savings on a per unit of production basis.

Examples

« Production - If your plant measures its production by weight then you might enter "Tons" in the Units box below and you
would enter the average number of tons of product that you produce per period.

- Employees -You might track your energy costs are per employee. Then you would enter the word "Employees” in the Units
box and the average number of employees per period.

« Gross Sales - If your production lines are more complicated you may want to measure your production based on gross
sales. In that case you would enter "Gross Sales Dollars” in the Units box and the average gross sales amount per period.

As you can see from the above examples you are free to enter any type of metric that measures production or activity at your
plant. This information has no impact on the calculations of total energy savings by PEP. It is only used for your final report to
show costs and savings per unit of production {or whatever metric you entered).

Case Name: a Case Status: Offfine &'
Production Line Name Product Name Average Quantity Units | Period Percent Consumption @'
Edit Delete fermentation wine 5400 m3 Annual
Add New Production Stream
| Previous | | Save to File | ‘ Save & Continue |

Figure 29: PEP production information

After that by clicking in save and continue button is possible to pass to the next screen.
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Steep 5 - Supplied energy: Complete this information is optional. The purpose is to evaluate

energy consumption and cost of cooperative, by click in “add new energy stream” link is

possible to add different energy suppliers with their own information like quantity of energy

(kWh), cost and type of energy.

Step 5 - Supplied Energy

CIRIGIEEEEE]

Use the following sections to enter data from utility bills and/or meter recordings. Entering this data is optional but doing so will help PEP to more

accurately profile your facility. To track your energy usage over time, see the eGuide Lite.

For each energy stream you will need to enter account information for each meter for which you have data. For each account enter a Meter ID or
name, enter the average quantities and units purchased, and select the period the purchase reflects. Entering different period intervals for

different energy streams is acceptable, as PEP will calculate the annual data, but do not enter more than 1 year of data.

If you need additional information on individual columns, please click here.

Case Name: a Case Status: Offline ‘;"

_ Cost Per - Source Energy
Meter ID Energy Type Use Per Period Units Period Period Unit Cost Factor
Meter ID Cost Per Period ]
Energy Type Electricity Source Energy Factor 3,182

Use Per Period kwh

Annual

Period

Update Cancel

‘ Previous | | Save to File ‘ | Save & Continue ‘

Figure 30: PEP supplied energy information

After that by clicking in save and continue button is possible to pass to the next screen.

Steep 6 - Supplied energy: This screen allows defining the percentage of total annual source

energy that each major system in cooperative consumes by click in the gap available for each

devices.

Step 6 - Energy Use Distribution

CIEIEIEIEEE]
Use this screen to define the percent of total annual source energy that each major system in your plant consumes.

NOTE: PEP provides U.S. default percentages for you based on the industry that you selected for this case. You may use these default
percentages if you are unsure of the actual percentages that each energy use system uses. However, for more accurate results you should
estimate your actual percentages and enter them in the boxes below.

Default energy distribution values are based on the Energy Information Administration 2010 Manufacturing Eneray Consumption Survey (MECS)
for all industries except cement. Default energy distributions for the cement industry were updated to more accurately portray the industry norm
by Dr. Ali Hasanbeigi of the Lawrence Berkeley National Laboratory on December 7, 2011,

Please enter only the usage or percent values and not both. If both are entered, usage will take precedent over percentage. If you wish to reset
the usage values based on the default percentages, please diick the recalculate button

If you need additional information on individual items (rows) please dlick here,

Case Name: 2 Case Status: 0fffine &

Meter 1D Total Annual Site Energy Use | Unit
81 540.000,0 Kwh
Meter 1D
Usage (Source) %
Industrial Fadlities (Lighting, HVAC, and Facility Support) 102.859,27 19,0
Other 437.140,73 81,0%
Total Annual Site Energy Use 540.000,00 100,0 %

Save Cancel Restore Default Distributions

‘ Previous ‘ ‘ Save to File ‘ ‘ Save & Continue |

Figure 31: PEP energy used distribution

After that by clicking in save and continue button is possible to pass to the next screen.
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Steep 7 - Energy saving opportunities: This screen allows indicating for each device what is

the possibility to develop improvement measures selecting: “high”, “medium” or “low”.

Step 7 - Energy Savings Opportunities .

Use this screen to characterize the potential energy savings opportunities for the various majer systems in your plant. This step
will only show systems that PEP does not have scorecards for or that answers were not entered for in the scorecards in Step 2.
Use the criteria listed below to categorize your energy use systems.

High (Default) = No system assessment completed / Don't know
Medium = System assessment completed but little or no implementation completed

Low = System assessment completed and substantial implementation completed

Case Name: a Case Status: Offfine €

‘ Energy Use System ‘ Energy Saving Opportunity Level |

Industrial Facilities (Lighting, HVAC and Facility Support)

‘ Previous ‘ ‘ Save to File ‘ ‘ Save & Continue ‘

Figure 32: PEP energy saving opportunities screen

After that by clicking in save and continue button is possible to pass to the next screen.
7.2. PEP report

As a result of assessment process PEP offers a report in last steep (8) with information about annual

energy consume and cost and potential energy saving. In following figure is shown an example of

diagrams that are shown as report.

Potential Annual Energy Savings (MMBtu) A

The savings shown below correspond with the system and cemponent recommendations shown in the suggested next steps
table. The United Nations Industrial Develepment Organization Motor Systems Efficiency Supply Curves report shows that
higher savings may be achievable for each system area.

— EEEE =T | Potential Energy ‘ Potential Energy | Savings

Savings (MMBtu) Savings (%) Opportunity Score
Industrial Facilities 351,0 52,6 150%  High

Other 14916

Total 1842,6 52,6

g

[ Arnusl Usage
[ Fotentisl Savings

3

5

400 -{ o

200 I
0

Other

Potential Annual Energy Savings (MMBtu)

Industrial Facilities

System Name

Potential Annual CO, Emissions Savings A

Based on the potential energy savings identified above, your plant may be able to reduce emissions of CO;. The following potential annual
CO: emission savings numbers are broad estimates based on industry averages and are not meant to reflect actual realized savings at your
plant. Factors such as CHP system or steam generator efficiency and primary fuel source for energy use systems such as fumaces and
boilers make a large difference in the actual amount of 0O; emissicn saved. These numbers are presented as a broad estimate based on
estimated savings and industry averages only.

NOTE: Actual CO: savings from fuel/steam energy savings are based on the primary fusl source. The exact breakdown of the individual
primary fuels that are used at your plant for process heating, power generation and steam generation is beyend the scope of this tool. The
table below shows a range of potential €O savings from fuel/steam use in your plant. The low end of the range is based on the use of fuels
that contain relatively low amounts of carbon such as natural gas. The high end of the range is based on fuls that have a high amount of
carbon such as coal (anthracite, bituminous o lignite). Your actual CO; emission reduction will depend on the actual primary fuels that are
used at your plant.

Potential Annual CO; Savings from Electricity: 20.052 |b
Potential Annual CO; Savings from Fuel: 0 |b

Potential Annual CO; Savings from Steam: 0 |b

Figure 33: PEP potential annual energy savings screen
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After that by clicking in the top right button “print” is possible to print the report.

8. AISLAM

8.1. Tool description
Available in:

http://www.idae.es/index.php/relcategoria.1030/id.430/relmenu.347 /mod.pags/mem.detalle

To access to this tool is necessary to download before the software from Saving and Diversify Spanish
National Institute which webpage is indicated above. Once software has been installed in your
computer is possible to use it as is described below. First of all is important to remark that software is
in Spanish language, however due to the most quantity of information is about temperatures, energy
flows and so on, with the following description is easy to use it. Moreover Software is going to be
explained for two main applications:

e Evaluate how much energy we can save isolating a pipe.

e Evaluate how much energy we can save improving isolating in cooling chambers.

Evaluate how much energy we can save isolating a pipe.

Firstly is going to be explained the first case “how much energy can be saved by means of isolate a pipe”

Programa de célculo de aislamientos (v1.0)

ﬂ Placasp\anas| Tubenas| Esferas| Especlales| ﬂ @ ﬂ
[Referenci | EERA] | Jrtalcular———" Y — )

Condicidn de calculo para tuberias

: '}

.

i P Interior =
- miento (%] |75 Coef. conveccidn 2528, 5 .
" Resistencia temica lineal [m2C ) Ti 15 'S ;I[:nponer_ hc:l;; 0,00 w;l:;g Selectlon Of type Of
" Espesor econdmico o= il - a
(* el hint W Am2EC 5
" Temperatura superficial exterior [°C] CeleMkr{EarE) o8 U 2528, " Calculatlon we are
" Evitar condensaciones exteriores ﬂ Diametro interiar (150 mm Resistencia Diistribi .
" Temp.final agua Langitud m| MN'capas  Mombre Espesor  Conductividad le;rmica Temnperalura going to do: flat plate
" Tiempo congelacion [h] % Congelado 1 = [rmrn) [+/meC) [mEC.Au] [°C)
Aislante Interior 0,001 150 heat exchanger
g i |Paliuretana Il 160 0.045 0.075 :
- v (placa plana), pipe
(tuberias), sphere
(esfera), special
p applications
Tuberias
Exterior [z (especiales)
Te 0.214
Exterior i Aimbiente
Tel38 ol A Despreciar Al exterior hrad |5.56  W/m2iC
w © Cateuln (=) W oo TEN ¢l hest (369 Wi/m2iC
Esp. aislamiento 1.60 mmm
Resistencia térmica lineal 0.287 m2C/wW
Densidad lineal flujo de calor 69,70 W/m
Figure 34: Aislam software main screen. Menu description.
Calculating conditions selection, most used will be
thermal flow (flujo de calor) and reduction by
means of isolate (reduccién con aislamiento %).
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Secondly is neccesary to select what type of calculation we want to use, in this case (evaluate energy
savings in pipes) is neccesary to select “tuberias”. Moreover calculating conditions can be choosen, the
most important options are “flujo de calor W/m2” in which is evaluated what is the thermal losses
measure in W/m?2 and “reduccién con aislamiento %” in which you indicate what is the percentage of
energy consumption you want to have respect the case of have pipe without isolating.

In this first example is shown the case of calculate using heat flow conditions.

Programa de célculo de aislamientos (v1.0)

&l 2] al_fo v{€=—p____| Calculation

Referencia button
@ Al aire horizontal @ Enterrada sin “aterrada con caj
Interiar - cogt convaccien
7i [15 ap| = Imponer
" Despreciar " e
- int | 2528, e
" Temperatuia superficial exterior (2C) Eeksloyaone]
 Evitar condensacionss exteriores ¢ | Diametiginterior (150 mm Resistencia
" Temp.final agua Langitud m| Mecapas Nombre Espesor Conductividad ‘E;WW Simulation
 Tiempo congelacién (h) % Congslado - fmm] esmec)  ECA)
Aislante  Interior COnditiOnS
Heat flow (W/mz) ¢ |Poluretanal 0,045
Tubetias
Exterior
Exterior = Ambiente
Eounoad s beone | v
Tl o ¢ Devecier | | Alesteiion hiad Wim2e
+ Calcular [aire] EDEfamlslﬁn’ﬁﬂ hest W2

Figure 35: Aislam screen. Pipe calculation

In this case you indicate what the maximum energy flow you want to have in pipe is. In the right part
of the menu is shown the simulation conditions, in the top is possible to select “flujo de calor” that
menas heat flow or “espesor de aislamiento” that means isolating thickness. Choosing the second one
will be calculated what the isolating thickness neccesary to have the energy flow previously indicated
is. In the example conditions are: exterior temperature = 352C, interior temperature -> 152C, pipe
diameter - 150 mm, isolating polyurethane with thermal conductivity = 0,045 W/m®°C. With this

information by clicking in calculation button results are shown.
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Programa de calculo de aislamientos (v1.0)

DiEE &

Ejernpla 7_4

Placas planas|  Tubeiiss|  Esferas|  Especialed

& Espesor aislamiento

Condicidn de clculo para tuberia: ‘Al ai ical ‘Al aire hori | 3 da si - E d q
' Flujo cle alor (i) IT o aire vertical . aire horizontal @ Enterrada sin caja @ Enterrada con caja)

Interior oot onvacsia

RICIE  |mpaner

" Despreciar

" Reduccidn con aislamiento (%]
1~ Resistencia témica lineal (maCAn]
1 Egpesor econdmico

Firt W/m2L
" Temperatura superficial esterior 0] ¥ (el e il
1~ Evitar condensaciones exteriores g I Diametro interior [157  mm Bt Distibucin
" Temp.final agua Longitud M%capas  Nombre Espesor Conductividad lénrmlca TemEeralura
© Tiempo congelacién (W) % Congelado 1 - {mm) wmic) LA [C)
Aislante  Interior 0,001 T
! g |Poliwetana 5130 | |0045 1843 .
I I 3344
Tuberias results
Exterior

Exterior

1e® e

Coef. conveccid hoone 1208 yamzer
" Impaner

Calcular (irs] Coef.emisign| 0.9 _?J X 2

Esp. aislamiento 51.30 mmm
Resistencia térmica lineal 2.000 m*C/W
Densidad lineal flujo de calor 10,00 W/m

pIng by means of indicate what the
maximum allowable thermal flow is.

As a result is shown that isolation thickness is 51,3 mm. Moreover if we want to know what will be

final temperature of water in one pipe as a determinated length is possible to do it by selecting

“thermal flow” in the top menu and as a result following screen is shown in which is indicated the

thickness previously selected and also length pipe in meters can be indicated in screen left size.

Programa de calculo de aislamientos (v1.0)

Lengh
pipe

of

Esferas | Espema\es|

E Placas plsnas]  Tubsiiss|

Ejemplo 7_4 Calculgt: - :
& Flujo de calor @ Espesor aislamiento

Referencia

’79 Al aire vertical @ Al aire horizontal @ Enterrada sin caja @ Enterada con cajal
Interior

Coef. conveccid

1 0
Estimar temperalura final " Calcular (agus) Vel -2

2 51 (b g Lorgtud | EE ¢ | Diametra nterir [155 mm Fiesistencia Distibucion

NO o A
Nf capas  Mombre Espesor Conductividad  !8mica Temperatura
R (rar) Dw/meC)  (mECAw) b

Aislante  Interior 0,00
g [Poiurstanc sla0 | o5 | [Leds

150M
34,60

Tubkerias

Exteriar 0,036

Exterior | Coef i Ambients
e e e e
Tel® g~ Despreciar * Al exterion hrad |5,98  wWi/m2iC
@« Caloular [aie] - em\siénlu'g _?J Veloo |3 mé: hext 3341 W/m2C

La temperatura al final de la tuberia es 15.050 *C
Resistencia térmica lineal 1,882 m*C/\W

Densidad lineal 10.63 W/m Flujo calor total 3715 W

Figure 37: Aislam results screen in case: evaluate isolation thickness in piping showing final pipe temperature.

By clicking again in calculation button results are shown, and in example case final pipe temperature is
15,0472C (considering a lengh of 350 m and pipe location in exterior).
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If we want to calculate how many energy we can save is possible to do it by selecting “reduccién con
aislamiento” in left menu.

Programa de calculo de aislamientos (v1.0}

BEE & 2

Eiempla 7_4 Lalcular:

Referencia (. Fluio de calor

Condicién de calcuo para tubeia:
£ Fuio de calor [Wim]
& Reducein con aislemienia (%) [5

" Resistencia témica lineal (mG/W]

@ Al airc vertical @ Al aire horizontol @ Enterrada sin cajo @ Enteniada con caja

Interior coct conveecis

7i 18 1+ Imponer

s
¢ Espesar scondiico r(: E;f:ir\:l[?gua] Veloo!! /s hint [2528, WimasC
" Temperalura supedicial exteior ()

© Evital condensaciones exteriores _@J Diametio interior |—15D Resistencia Distrbucién
 Templinal agua Longitud m(| Wcepes Hombre Espesor Conduclidad temico Temperatura
 Tiempa cangelaciéni) % Cangelads - fom) ) E’WJ e

Ailante Interior

cl 9 IF‘u\iuveAanD [ 3080 [0.045 1.210

150
3434

Tuberias

Exterior o045

Exterior | Coef PR
,fe‘m;::m " Recinto cerado heary [958 e
N S Deepecia | | Hlewein hiad[5.35 wima
& Caleulr

Coet.emisicn|0 _@J Veloo[3 e hest [3ED Wim2C

Densidad lineal flujo de calor 1597 W;

Figure 38: Aislam results screen in case: evaluate isolation thickness in piping by means of indicate what the energy
consumption respect don’t use isolating is.

In example is indicated 5 %, that means we want that energy consumption will be only a 5 % respect
don’t use isolating. With these conditions and choosing polyurethane like isolating software indicates
that thickness should be unless 30,6 mm.

Evaluate how much energy we can save improving isolating in cooling chambers.

Once how to evaluate energy savings in pipes has been done, second case that can be studied in TESLA
is going to be shown, this process is evaluate improvement in cooling chambers by means of type of
isolation changing (thickness and / or material).

First of all case of “placas planas” must be clicked.

Programa de calculo de aisiamigptos (v1.0)

sEE &

Ejempla 7_4

F'Iacasp\anasl Tuheliasl Eslelasl Especia\esl

Calcular:
@ Flujo de calor & Espesor aislamiento

Condicion de calculo para placas plana:
) Fljo de calor fw/m2) 10
" Reduccion con aislamiento [%]

1 Cosf. global de trans. calor [w/m22C)

O Vertical @ Horizontal interior arfiba @ Horizontal interior abajo

|0 =D Coef. conveccid

1[5 g Imponer

1 Espesar econémica (. Despreciar "
1 Temperatura superficial exteriar [°C] {7 Caleulan [aie) s lﬁ e
1 Evitar condensaciones exteriores Fledsith

" Temperatura superficial interiar (°C) M®capas  Mombre Espesor Conductivided tmica

1 Evitar condensaciones interiores |1 - [rarm) [wi/mes)  (m2CAw]

Aiglante  Interior

g jJPnhuretanﬂ 1] |D,EI45 |

Placas planas verticales

Exsterior l—

Exterior | Cosf & Ambiznt
0B! Sonvecsic " Recinta cerado heony W/maeC

1 Imponer !
Tel?® o o —— @ Al exterior Longitutl3 m  hrad Wim2iC
1+ Calcular [aire] Coel.emision| 09 _VJ Viloo| 3 mfs hest w2

Interior

Ti

Figure 39: Screen to evaluate savings in cooling chamber walls
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In this case only will be shown the case of “heat flow” due to there has not sense calculate a cooling
chamber without isolating. So it is neccesary to put the maximum value of heat lost we want to have. In
example is considered 10 W/m?2. Afterthat both interior like exterior temperature should be indicated,
in this case used values are 152C and 352C respectively. To finish what is the type of isolating you
want to use also is neccesary to be indicated.

Programa de calculo de aislamientos (v1.0)

Em & 2
B Fjemplo 7_4 Calcular:
@ Flujo de calor & Espesor aislamiento

Placss planes|  Tuberiss|  Esferas|  Especiales|

Condicidn de célculo para placas plana:
1+ Flujo de calar [w/m2) IT
" Reduccidn con aislamiento (%)

1 Coef. global de trans. calor [w//m22C)
1 Espesor econdmico

1 Temperatura superlicial exterior (°C]
1 Evitar condensaciones exteriores

D VYertical #® Horizontal interior aniba @ Horizontal interior abajo

D00 Coef. corweccidn |

i 15 !EIVF Imponer

Despreciar
" Caloular (air] hint |2528, W/m22C

Resistencia

Hophas  Nombre Espesor Conductividad tér:nica
- () [w/meC)  [m2iCAw)
0,000

Aislante  Interior
o EIPoliurelanoll |B?,35 Jo.0s5

Isolating

e/ definition

1 Temperatura superficial interior [2C)
" Evitar condensaciones interiores

[1.341

Placas planas verticales

Exterior 0,059

Ambizn

Exterior Coef. &
(-?im?o::wm " Recinta cerada heany 1114 syt imazg
Tel® o] & Desprmiar Al exterior Longiud3 m hrad 898 wim2iC
& Caleular (aire] oo e (08 j’J wveloc|3 mis hext 17,09 W/m2iC

Esp. aislamiento 87.35 mmm
Coef. global de transferencia de calor 0,500 W/m2'C
Densidad sup. flujo de calor 10,00 W/m?2

Interior

Ti

Figure 40: isolating and calculating definition

With these information and by clicking in calculation button software shows results, in example case
program indicates a isolating thickness of 87,35 mm. In this same case if we want to reduce heat flow

to the middle it should be neccesary 177,35 mm.
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