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Warm Up

> [1 @ board /or/ brainstorm w cards]

> Where is the word "AUDIT"” coming from?
= Synonyms? Antonyms?
= What tells a dictionary?

> Latin: audire = to hear
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Overview

> Standardisation

> Audit steps

= Pre-audit

= Audit

= Evaluation status quo

= Evaluation of optimisation potential

> Preparation of company and auditor
> Objectives of the audit

> Types of data

> Summary



Audit - which one?

Energy management system model acc. to. ISO 50001:2011 J

e 0

Energy policy
\ _
' 0

[

Management
review

Energy planning
J C J

' o 0
Implementation
. and operation |

Monitoring,
measurement

Analysis J

\

[ Reporting }
/

Controlling }

[ Checking J

Internal Audit
of the EnMS

Nonconformities,
correction, corrective
and preventive action

AEE INTEC



Energy Audit Standards

> EN 16247: European

> ISO 50002 Standard on
~Energy Audits"

= Level I: Walk-Through Energy
Audit (WTEA)

= Level II: Detailed Energy Audit
(DEA)

Level III: Investment Grade
Energy

dit (IGEA)

countries have adopted
EN 16247 for
standardising EA
processes in their
countries

= Part 1: General
requirements

= Part 2: Buildings
= Part 3: Processes
= Part 4: Transport
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Goals

Clearly identify types and costs of energy use.

Understand how energy is being used and
possibly wasted.

Identify and analyse more cost -effective ways
of using energy.

Improved operational techniques - new
equipment, new processes or new technology.

Perform an economic analysis on those
alternatives and determine which ones are cost
-effective for your business or industry.

Develop a action plan with responsibilities,
timelines and budgets for implementation.
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EN 16247 - introduction

> EN 16247 defines characteristics of a high-level
energy audit as well as requirements and
obligations

=

4 4 0

U

Part 1: general requirements
Part 2: buildings
Part 3: processes
Part 4: transport

CEN/CLC/JWG 1 - energy audits

= CEN/CENELEC - CWA - CEN Workshop Agreement within

project EINSTEIN

> Linked to ISO 50001, 50002 but more detailed
and focussed on thermal energy demand
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Energy audit

> An energy audit can support the

= energy review and energy planning of an EnMS

= can facilitate monitoring, measurement and analysis as
described in

= or it can be used independently.

> IS0 50002, which is based on the EN 16247,
are standards that specify the process
requirements for carrying out an energy audit
in relation to energy performance.

> They are applicable to all types of
establishments and organizations, and all forms
of energy and energy use. These standard apply
to commercial, industrial, residential and
public-sector organisations, excluding
individual private dwellings. 8


https://www.iso.org/obp/ui/#iso:std:iso:50001:en
https://www.iso.org/obp/ui/#iso:std:iso:50001:en
https://www.iso.org/obp/ui/#iso:std:iso:50001:en

ISO 50002

Content and flow of ISO 50002

5.1 General

5.2 Energy audit planning

5.3 Opening meeting

5.4 Data collection

5.5 Measurement plan

5.6 Conducting the site visit

5.6.1 Management of field work

5.6.2 Site visits

5.7 Analysis

5.7.1 General

5.7.2 Analysis of current energy performance
5.7.3 Identification of improvement opportunities
5.7.4 Evaluation of improvement opportunities
5.8 Energy audit reporting

5.8.1 General

5.8.2 Energy audit report content

5.9 Closing meeting

VVVVVVVVVYYVYVVYVYVYVYYVYY
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Energy audit
planning [5.2]

Opening Data collection
meeting [5.3] [5.4]

Measurement

S ELNER]
Conducting the

site visit [5.6]

Analysis [5.7]

Energy audit
reporting [5.8]

Closing meeting
[5.9]



Levels of Energy Audits (acc. ISO 50002)

WALK-THROUGH ENERGY

AUDIT

Walk through
familiarization

Desk top analysis
Generate Energy
Intensity
Recommend “low/no-
cost" energy saving
measures

Written Report with
broad conclusion

DETAILED ENERGY AUDIT

Follow up from Level I audit
where available; a
comprehensive audit

A minimum 7 days logging &
metering on major energy
consuming equipment of
building services or industrial
equipment/systems

Review system design,
installation, operations and
maintenance

Detailing system energy inputs
and energy use

Identify sources of inefficiency

Compute Specific Energy
Consumption Index

Generate load apportioning

Provide Energy Performance
Indicators

Recommend "no-cost",
"medium cost" and "high cost"
ESM

Written report and presentation

INVESTMENT GRADE AUDIT

Inclusive of all scope of works of
Level I & II with the exception
where only EA on specific
systems are requested

A minimum of 7 days logging
and metering on major energy
consuming equipment of
Building services or industrial
equipment/systems

Detailed review of processes
Comfort study, if relevant

Detailed recommendation on
comprehensive ESMs

Detailed investment plan using
NPV methodology against life
cycle

Include Indoor Air Quality report
to ensure system is not affected
(if chiller audit)

Written report and presentation
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From meta to micro

Energy data

of all types
and media

Factory Site

ey

Product / hall

Energy data |
| ofallelectr. & I
L compressed air

/ o

Quelle: VW EnMS, Thierfelder, 2014
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GREENFOODS audit methodology

» GREENFOODS audit methodology is based on

= EINSTEIN audit steps (IEE project EINSTEIN I & II)
= EN 16247

> Pre-audit

> Audit

» Evaluation

> Proposal

> EINSTEIN linked to EN 16247

= Terms similar, EINSTEIN more detailed

= 7 audit steps from EN 16247 can be found in 10
EINSTEIN audit steps > GREENFOODS audit methodology

12



10 Audit steps

—
Preliminary contacts: Inform and motivate P

B |
Pre - audit data acquisition P

|

{

|
Processing of preliminary information P

—
“Quick&Dirty” preliminary evaluation P

| Detailed by - distance data acquisition

Analysis of the Status quo

L

Conceptual design of saving options and

preliminary enerii targets definition

: : —
Energy performance calculation & environmental analysis P

PRE - AUDIT

EVALUATION of
ALTERNATIVES

Economic and financial analysis

13
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PRE-Audit - Step 1

L ,|Preliminary contacts: Inform and motivate

Pre - audit data acquisition

_

! —
| Processing of preliminary information |
_

! —
| “Quick&Dirty” preliminary evaluation |
_

v

> Preliminary contacts§
- Inform and :
motivate

=
&)
)
<
L
o
o

= Promotional material
= Possibility of self-checking
= Make sure you find out who is the right person to address

14



PRE-Audit - Step 2

— : 1
Preliminary contacts: Inform and motlvatel

Pre - audit data acquisition _—

> Data acquisition

Processing of preliminary information

—

! —
| “Quick&Dirty” preliminary evaluation |
_

E =

v

=
&)
)
<
L
o
o

= Prepare the company
= Prepare yourself
= Collect basic data by distance

15
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PRE-Audit - Step 3

----------------------------------------------------------------------------------

|PreI|m|nary contacts: Inform and motlvatel
_

> Preparation of audit

- Processing of 553 Pre- aud'tﬁacqm .

preliminary M Processing of preliminary information

nformation M [oeswgmemn ]
H .

= Process pre-audit data

= Call the company to check data

= Compare with benchmark data

= Learn about specific processes/companies

= Identify possible measures

= Fix priorities for audit

16
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PRE-Audit - Step 4

---------------------------------------------------------------------------

— ; 1
|PreI|m|nary contacts: Inform and motlvatel
_

> “Quick-and-dirty”

- E 5

a —————]
pre_evaluation ED).: || Pre - audit data acquisition |
report Ly Processing of preliminary information

o

L.l “Quick&Dirty” preliminary evaluation

= Create pre-evaluation report
* Identifies most significant processes
* First quantitative demand figures
* Identifies possible options & sizes
 Estimate of expected savings

= QOptional: present to company
* May convince company to go ahead with audit
* Do not promise too much at the beginning !

* Results depend on local conditions and information
accuracy

17
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ENERGY-Audit - Step 5

> on = Site Walk = : Detailed b-distance data acguisition
through audit

4

4 4 0 8

PRE - ALIDIT

" eee—
On - site walk - trough energy audit OR b :

Analysis of the Status quo

e

.
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Present to company quick-and-dirty study

* First impressions: possible measures & unsuitable
measures

Make interviews and visit the site
* Timeframe for further data & report
Fast check of new data
Take measurements
Define measurement program
Discuss new understanding

18



Summary of WTEA

| Inputs | Process | | Outputs
Preparation &
organization of an energy
Blueprints and environmental audit
: \ 4
nvironmenta e
{ Data gathering }
4 A \
. . Collect energy bills Checking current -
In::aervnews \;gth & environmental metering omi mﬁg‘:‘;‘" :(n
T compliance data equipment :

Bascline encrgy
consumption

Exhausting analysis of argy and envi s
g all energy and — improvement opportunities
environmental aspects

Measurement plan

19

19



AEE INTEC

ENERGY-Audit — Step 5

> On - site walk -
through audit

= Take measurements

* Measurement device
— PORTABLE ULTRASONIC FLOWMETER
— Time difference correlation principle
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ENERGY-Audit — Step 6

On - site walk - trough energy audit OR

AEE INTEC

> AnaIYSiS of status quo Detailed by - distance data acguisition

Analysis of the Status quo
I ——

Consistency check of data
Estimate and/or acquire missing information
Breakdown of consumption

Real equipment performance

4 4 4 U 1

Comparison with benchmarks

21



ENERGY-Audit - Step 6 e
Flow sheet

4550 810%

Aoty ow ot i
e De.smubung?'—" Defating FHHHH’M storage

cooling

12 mm

packaging

Vapour condensate Vapour condensate

al
Pre-heating cooling
Evaporation, whey drying

Salt bath Maturizing storage

Milk t0 cheese production

Whey, alternatively Spray drying

Whey

Storage tank packaging

3 fermenters Press/ Forming of
je 11 m3 cheese cakes
=

Cooled storage

preheater

e [T
L0

Industrietopfen HEX fermenter wash water to cheese productipn LF milk for industrial curd
| Buter mik
Butter milk tank
J 7me
Ry HHHHH B
o ) milc
4-8°C Raw milk storage ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ H ‘ ‘ ‘ Milk storage
cooler 2X75m3 | | Stearm neat 176 m?, 6°C
[ I— leam heater
1x 60 m? HEKL HEXZT TI-—HRx 3 85°C for curds
4-6°C 1= _— 72-76°C for milk—*
delivery 2 m } o - m'
|
cooler
Burermich zum Michpastour,

Butter milk

HeiRhalter

11°C target temperature.

Cream maturizing
tanks

L 21
%_I—‘ 8°C Wwinter HEX cooler
6 tanks (97m?)

11°C target emperatufe
24h isolated R
OO
Sommer HEX

Butter Raw cream

Butter machine

c
Tank for
butter milk
2x12ms
Cooled
storage

8°C
cooler cooler

cooler

Ice water [5 mih, 2°CY

Curd tanks 28°C

18h
Only isolated

HEX curd production
Milk preheating

packaging

soc | Cooled storage
[ Tieating | | 6°C

(" Distribution river water )
e waier TGO Distribution river water

Off gas, 140°C

ENERGIEHAUSHALT ]

Steam dist. 11 bar

Steam dist. 3 bar

River water 3 - 17°C

T feed water tank

Boiler feed water
120°C 102°C

steam 3 bar

steam, 11 bar T
|
River water
|
|

Valve for pressure reduction

boiler 1

Condensae cdllecting tank  Pre-heating of boiler feed
Fresh water, 80m?/d Fresh water from dehardening

Condensate, 60°C
22merd

Effluent to river maximal 35°C

Hot water tank, 50m? Hot water tank, 50m?

3 compressors.

22



$ 7 ENERGY-Audit — Step 6
Sankey diagram

CIP lye
1,5 Mkl

vapour lossas
43 MU/l

energy storage

»

7,88 MJiRI

thermalvapour
COMmpressor

D D F'feﬁuko
8,81 MUl
wort copper Feedwster
L it . 83 Mdihl vapour 371 M
'WOrL COppear lssas
i condensat
wort preheating = 1Hn
: ) Industrial water

8,87 MJRI Vapours

Steam D :

6.77 MJihl

3,08 MJinl

. 3.2 Md/hl sug:/
Whirlpool 289M4T -
36,75 MUihl
whirpool losses
3= g5 MmN
wort cooler

energy transfer to
brewwater

sparge liquor

L)

13,94 M

mash tun
mashing liquor

3,44 MUhl cereal cooker ey

2,51 MJinl
Brewwater
Tank, 80°C :

lauter tun

\ spent grain

CIP WW / 5,04 MUl
Malt I .
{incl. lauter fun - 20,84 MUl T
rinsing) ASMm
2,22 MJ/h1

filtration/cellar
3,44 MU/l

35,1 Mdrhl by AEE IMTEC, 2011
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ENERGY-Audit - Step 6
Evaluation of the present state (1)

> Primary energy

INTEC

- Gesamter Primarenergieverbrauch (PEC) und Primarenergieverbrauch fiir thermische Zwecke (PET)
Co n S u m ptl O n Brennstoffart MW % MW % =
1 |Brennstoffe gesamt 5197 ) 6197 )
2 |strom gesamt 68 14 68 14
3 =
Ota .
5
&
= By fuel .,
: B i t PEC nach Brennstofien PET nach Brennstofien
y I I PEC nach Brennstoffen PET nach Brennstoffen
e trom gesamt " m tro mt
Endenergieverbrauch fur thermische Zwecke (FET) nach Anlagen Gesamter Endenergieverbrauch (FEC) und Endenergieverbrauch fur thermische Zwecke (FET)
Anlagen Brennstoffart MUK % o FET nach Anlag Brennstoffart MPR % MWh % -
1 |cocling machine Strom 20 0.3/ 1 [Natural gas 125 22| 125 22/ L
2 |[mv ™ =509 974 2 [mv 5509 a74 =509 574 1
3 |gas boiker Natural gas 125 22 3 |strom 23 0.4 23 0.4
4 |Solar thermal system  Strom 3 04/ |% ™Y —— 4
3 i 5
& [
8 8
P -
FEC nach Brennstoffen FET nach Brennstofien
Nutzwarme (USH) nach Anlagen
Erwérmen/Kihlen| Eryarmen - FEC nach Brennstoffen FET nach Brennstoffen
S MPR % = USH nach Anlagen
1 |mv 3305 9.0
2 |gas boiker 75 20
3 | Solar thermal system 335 9.0 E THY - - Hatural
4
) ar th
&
iler
8
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¢~ ENERGY-Audit — Step 6
Evaluation of the present state (2)

> Heat and cold demand

UPH nach Prozessen
= By processes msng L
phosphating_K
ryer KTL
= By temperature .
pretreatment_K
levels
= By time demand cooling_DL_ heat
pray_
cooling_KTL_heat
1400 4000

g 1700 b = 3500 F = LUPH

= < L

E Loo0 | E 3000 | UPH proc

§ 200 | '12--'.I 2500 F USH R R R

& T 2000

G 600l ]

bl w1500 -

g &

B A0 T 1000 |

:E 200 | E 500 |

=

0 5.'.:u:| m.m 15||:|-:| zl}lno 25||:|-:| 3|:r||:|-:| 35||:|-:| dl:rlncl 4500 DD "X &  ® 80 100 120 W0 160 180
Jahrliche Betriebsstunden [h] Temperature [*C]

25
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EVALUATION OF ALTERNATIVES - STEP 7

rHeat demand {UPH) and supply (USH} by temperature

Heat demand (UPH) by process temperabire (PT) Heat supply (USH) by central supply temperaiure (C5T)

> D I f - Temer;hé;e fevels ‘ HR] %7 ‘ cum;;?nve ‘ DER] ‘ %l ‘ cuwfu:/f?nve =
eve o p m e n t 0 1 = B0 °C | 25592 3805 3805 551362 A1 4
2 | 80 - 80°C 1115.08 678 44583 113918 711 4152
o timized ] E3 30-100°C 907415 5517 100.00 105995 662 4814
p |4 | 1m-1mec 0.00 000 100,00 8308.52 5186 100.00
- - 5| motanec 0.00 000 100,00 0.00 0.00 100.00
a Iternatlves - |5 | ta0-1a0°c 0.00 000 100,00 0.00 0.00 100.00 -

= Exe rg etic an alysis - ~Distribution of heat demand (UPH) and supply (USH) by process temperatures
temperature
dependency of heat
demand and processes

= Optimized heat and
mass transfer

= System optimization -
Design of heat

Design assistant se
.

HX Hetwork

calculate

 Calculate only

1+ Redesign network

[~ Consider existing
Hxs in network
calculation

I™ Consider canden-
sation heat in off
gas of boilers?

1 I 1 1 I 1 1 1 1 1 1
Feb Mrz Apr Mai Jun Jul Aug Sep Okt Nov Dez

rDisplay Options

HCC/CCC)GIC <

Energie Solarsy stem 165.506 kWh I Gesamtenergiev erbrauch 757.679 kWh

e g U
exchanger network and Z I obs J
g 2005-5-27 9:23:44 Cannat accy 0 2500 5000 7500 1500 3000 4500
2009-5-27 9:29:26 Consistenc Power kW1 Power [kW1
Storage management R
Fower | Size slorage tank T1 hotmed. T2 hot med. T3 cold med,
- - Name iy ] Hot Medium ‘ rct | Fo ‘ Cold medinm P
I:> O a r SI I I I u a IO n a n 1 |rewtixo 2430 427 fermenter 5.0 200 Cheese wash w 10.0
2 | HewHX1 199.9 28.58 whey evaporati 75.0 68.8 fermenter 45.0
d eta i | Ca | C u I a ti O n a n d 3 |HewHx2 1361.88 572 whey evaporatii 68.8 26.56 milk heating 6.0
£ HewHX3 19.44 12.45 fermenter 20.0 13.0 whey preheatin 8.0
- 5 HewHx4 10861 123.95 whey evaporatii 26.56 2319 whey preheatin 3.3
d e S I g n T HewHX5 1358 12994.73 nattiral mas hnili 139.99 | 5827 whew nreheatin 1856 _Iﬂ
4 »
Hide H: | Change Hr Standard values For HX L | ok cancel I P |

26



EVALUATION OF ALTERNATIVES
STEP 8

Pre-AUDIT and AUDIT

Conceptual design of saving options and |

preliminary enerqy targets definition

> Energetic
. T
performance Energetic performances calculation and “.
calculation and : environmental analysis
environmental Economic and financial analysis
- : L
analysis

5 0N
z U
=
= <
< 2
D
- w
< 5
w <

= Fast calculation
= System simulation with specific external software
= Energetic and environmental analysis

27



@ EVALUATION OF ALTERNATIVES

STEP 9
Pre-AUDIT and AUDIT
> ECO“OmiC and Conceptual design of saving options and I

| preliminary energy targets definition
Energetic performances calculation and |

environmental analysis
- . AT

Economic and financial analysis
e E—

financial analysis

5 0N
z U
=
= <
< 2
D
- w
< 5
w <

= Calculate main economic parameters
= Assess possibilities of funding and financing
= Elaborate an appropriate financing scheme

28



Step 9 - Results

» Comparison present state

and proposals

= Primary energy
consumption

= Energetical evaluation

= Environmental evaluation

= Economical evaluation
> Report generation

AEE INTEC

Investitionskosten

. Gesamikosten. Eigene Kostan Forderungen
Altemative
[EUR] [EUR] [EUR] ‘
1
2 KR 10000.00, 10000.00 0.00
3 |solar §30000.00 441000.00 189000.00
4 |(CHP §10000.00 427000.00 183000.00
5
6 .

Relative Investitionskosten

700.000 Investitionskosten

[ rérderungen [EUR]

600.000
B Eigene Kosten (EUR]

500.000
400.000
300.000
200.000

100.000

0

Present HR
State

esamtkosten (Eigene+Farderungen)[EUR

Prozessnutzwirme und Nutzwarme (UPH und USH)
Erwarmen/KEhlen Erarmen

Relativer Vergleich von Prozessnutzwirme und Nutzwirme

Alierative ‘ Prozessnutzwiirme Einsparungen (UPH) ‘ Nutzwi 'SH)
(UPH) [MWh] MPR] (USH) [MWh] [MPR]
1
T HR 2888.52 0.00 3680.65 79014
T solar 2988.62 0.00 371529 755.49
TCHP 268862 o.00 3858.70 511.08
5 i

Relativer Verglelch von Prozesswirme und Nutzwiirme

100

[%]

State

Primarenenergieverbrauch (PEC)

s Verbrauch [MWh, MR 1% ‘ H
1
2 |HR 6805.56 1447.00° 17.53
32 |solar 6264 22 1988.34 2409
4 |CHP 1848.98' 6403.58 77.60
3
[3 -

Relativer Vergleich des PEC

Primiirenergleverbrauch

9.000
8.000  m— T

7.000
6.000
5.000
4.000
3.000
2.000
1.000

PEC [MWh]

CHP

29



PRE - AUDIT

STEP 10 - PROPOSAL

EVALUATION OF

ALTERNATIVES

> Reporting and
presentation to the : :
company v ................................................................

= Elaborate short-and-clean audit report
= Present to the company

30
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g\i{% Step 10 - Follow-up: From the audit to the

installation of a new system

N

> Follow-up is as important as audit itself !
> Objective

= Try to convince the company to realise the proposed
investment and install new energy efficient systems

= If your proposals are realised: compare your predictions
with the real behaviour

> Learn also from negative responses: call and try
to get information why your proposal was not
realised

31
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Summary - Practical work

Go through check list and collect company data
Fill in questionnaire

Draw flow sheet

Identify missing data

Select important data

Plan for missing data acquisition

Process optimisation

System optimisation

vV V ¥V VYV V V V VYV VY

Efficient and renewable supply
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