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Unexploited potential for industrial EE
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= Industry: historically a major energy consumer | +*"*\_’_‘_‘_\

= In EU accounted for 28% of FEC (2015)
" Trends in improvement of energy intensity
= Substantial unexploited potential e s
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2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
g Industry (total) g Mznifzcturing Industries ssss=Food and Tobacco
g Tetile and Leather s Transport Equipment  sssssMachinery

Source: JRC, 2017

100%
é Lack of a clear-cut financial case 49%
80% o — - for energy efficiency investments
Lack of funds
0% AT ————————t NN ——-————————— SN RN
é Lack of information about energy efficiency options
o —— D DR A AN M . ) ‘
Insufficient commitment by senior management
20% S Unclear who is respaonsible for such investments
- l Other, please specify
Industry Transport Power generation Buildings
We have no such barriers
Realised energy efficiency potential Unrealised energy efficiency potential
Don’t know
Source: IEA, Tracking Clean Energy Progress, 2015 3 o
Obstacles for exploitation K
Source: ABB, Trends in global energy efficiency 2011, An ii
4 analysis of industry and utilities o6 : :
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Definition-standards

Energy audit ...

“A systematic procedure with the purpose of obtaining
adequate knowledge of the existing energy consumption
profile of a building or group of buildings, an industrial or
commercial operation or installation or a private or public
service, identifying and quantifying cost-effective energy
savings opportunities, and reporting the findings”, Directive
27/2012/EU

ISO 50002

EN 16247-1: General Requirements
EN 16247-2: Buildings

EN 16247-3: Industrial Processes
EN 16247-4: Transport

EN 16247-5: Energy Auditors qualifications

gy audit

 technically simple

no and low cost

measures

* medium & high
cost measures

» system audits
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* capital intensive

projects
« complicated
applications

T

Formulation / Revision of investment plan
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Legislation

DIRECTIVE 27/2012/EC, Article 8

Member States (MS) shall:

o promote the availability to all final customers of high quality energy audits which are cost-effective and
either carried out in an independent manner by qualified and/or accredited experts according to qualification
criteria; or implemented and supervised by independent authorities under national legislation

o establish transparent and non-discriminatory minimum criteria for energy audits (to guarantee their quality)

o develop programmes to encourage SMEs to undergo energy audits and the subsequent implementation of the
recommendations from these audits

o may set up support schemes for SMEs, including if they have concluded voluntary agreements, to cover costs of an
energy audit and of the implementation of highly cost-effective recommendations from the energy audits, if the
proposed measures are implemented

o develop programmes to raise awareness among households about the benefits of such audits through appropriate
advice services

o MS shall ensure that enterprises that are not SMEs are subject to an energy audit by 5 December 2015
and at least every four years from the date of the previous energy audit

 Law. 4342/2015-Articlel10: compliance to Greek legal context of Directive
2012/27/EC of the 25 October 2012

- MD 178679 /10.7.2017 «Systems for recognition of qualifications and certification of
energy auditors, registry of energy auditors and energy audits

- Decision: DEPEA/ 181906/5.10.2017 - Clarification for energy audits of law
4342/2015
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Greece-legislation

1. Subject
Independe a) have more than 250 employees OR & o
nt non SME B) less than 250 employees but annual o@‘fi 2
turnover exceeds 50 MEUR and & B
balance sheet exceeds 43 MEUR £ =
Exemption  Companies that implement certified f E
systems for energy and environmental E

< €50m

management, certified by an
independent body

=250 =250
Employees

2. Categories

Category A":

Category B':

Category C':

Residential, office and commercial buildings up to 2000 m2, and workshops
with installed power capacity not exceeding 22 kWe or 50 kWth

Office and commercial buildings over 2000 m2, other tertiary sector
buildings, industrial installations with total installed capacity less than 1000
KW.

Industrial installations with total installed capacity above 1000 kW
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Greece-legislation

3. Auditors

3 Categories- Independent certified auditors according to specified criteria
(YA178609)

Category A': At least one external certified
auditor of any class
Category B': At least two auditors class B or C It is possible that up to two energy
. _ auditors of lower class participate

auditors only in cooperation with at least
one external energy auditor

4. Implementation

Scope: The audit covers at least 90% of total energy consumption
Similar The audit is implemented at representative sample of similar installation of
installation every group equal to the square root of the sum of all installations of the

group, rounded to the next highest integer

Rented Obliged companies that rent their assets to non obliged, keeping the
responsibility of operation and maintenance of them, should include
the, in the scope of the items to be assessed within the energy
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Energy Audit Steps
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Steps

L Initial meeting |
[ \} J Step 1. Preparation-data collection
Initial visit |
| Step 2. Walk-through visit
_ 1\
[ J Step 3. Analysis of energy data
l Measurements Jl |
Step 4- Measurements
v
| ) Step 5. Data analysis
\
| [ J Step 6. Report
Presentation ]
\
Comments /[' J
\ SeAida 10 @see
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Energy Audit report

Executive Summary

CHAPTER 1
Introduction- Site
description

CHAPTER 2

Current energy
consumption-
performance

Chapter3
Energy efficiency

assessment -
benchmarking

Yeloa 11

Procedures followed
Key figures on baseline

List of all measures and outlook of techno-economic results

Recommended action plan. Example [

Brief outlook of installations
Description processes-buildings
Description of utilities

Raw materials-products-waste

Energy management, monitoring and accounting procedures followed -
current sub-metering practices

Fuel supply and Electricity supply
Electrical and thermal energy usage
Other resources utilisation

Detailed presentation of on site measurements and analysis

Allocation of energy to ECC-energy balances

Baseline energy consumption

Specific energy consumption per product unit or other key parameter
Comparison with international (benchmarking)

CUSUM analysis if data is available .
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Energy Audit report

 Chapter  _____/Contents .|
CHAPTER 4  Technical description

 Estimation of CAPEX, OPEX

« Calculation of energy savings and other resource savings

« Calculation of GHG emissions reduction

 Financial savings

EE proposals

CHAPTER 5  Possibilities for improvement in the processes that can result to:
» Process optimization

Proposals for process - Raw material savings

improvement « Increase in quality of production

» Modernization of production procedures
« Improvement of regular operation and management
CHAPTER 6 =  Assumptions (tariffs, discount rate etc)
» Lifecycle costs per measure
Financial analysis =  Cash-flow analysis
. Extraction of financial indicators (IRR and NPV)
=  Risk-sensitivity analysis
CHAPTER 7 . Key findings report
. Proposal of financially viable improvements
=  Follow up- action plan
Annexes - Measurement data
- Technical calculation data sheets
- Financial analysis flow sheets etc.

Conclusions

Yelioa 12
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Examples of BATs

Low payback measures

Integrated control systems

Sub-metering

Flue gas monitoring (boilers-furnaces)

High Efficiency burners (furnaces)

Flue gas heat recovery

Combustion optimisation (furnace)

Steam trap optimisation

Preventive furnace maintenance

Source: ICF, 2015 [3]

13

17.3%

13.8%

8.3%

8.1%

5%

3.8%

1.9%

1.6%

Heat recovery-ventilation

25.00 70%
= Payback L 50%
20.00 —Savings
. - 50%
=
§ 1500 | — o 1 ao% B
=z £
% e
£ 1000 - &
a
\ - 20%
SO —
I - 10%
Q000 . - 0%
1 2 3 4 5 6 7 8 9
EE compressors
14.00 60%
/\ W Payback
12.00 - 50%
10.00 |- -
7 - 40%
8 s B
% - 30% §
3 600 3
3
a - 20%
4.00 |- :

2.00 - 10%
0.00 - 0%
VSD at motors
16 - 40%
14 m— Payback - 35%
12 - 30%

T
§ 10 25%
g 3
5 8 - 20% £
o
£ s L 5% £
(-9
4 - 10%
2 - 5%
0 - 0%




Example: Heat recovery

Sources of waste heat

Boilers

Boilers

Refrigeration

Ventilation
systems

Industrial
processes

Flue gas

Blowdown
Condensate

Waste heat from Condenser

Exhaust air

Heating at industrial processes
Drying
Heat stored in products etc.

Example: HR in ventilation in

agribusiness

Economisers
Preheat combustion air

Preheat boiler feedwater

High grade heat from de-
superheater

Low-grade heat recovery from
condenser

Heat wheel
Run-around coil
Heat pipes
Heat pumps

Low temperature waste heat
High temperature waste heat

14

Heat use before=22772 MWh/y
Heat used after = 9678 MWh/y
Gas savings = 261885 EUR/y

CAPEX: = 500,000 EUR
Auxiliaries: = 125,000 EUR

Simple Payback = 2.4 years

<
_ . )
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Good practices
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Minimum criteria Annex VI

Be based on up-to-date, measured,
traceable operational data on energy
consumption

Comprise a detailed review of the
energy consumption profile of
buildings or groups of buildings,
industrial operations or installations,
including transportation

Build, whenever possible, on life-
cycle cost analysis (LCCA) instead of
Simple Payback Periods (SPP)

Be proportionate, and sufficiently
representative to permit the drawing
of a reliable picture of overall energy
performance and the reliable
identification of the most significant
opportunities for improvement.

» Methodology for systematic collection of primary

information.

Targeted measurements for the acquisition of
integrated and reliable data needed for energy balances

Analysis at discrete Energy Cost Centres to be defined
at early stage.

Analytical approach and calculation of O&M costs of each
action

Tools for financial viability analysis
Risk and sensitivity analysis .
Transparent criteria for selection of targeted objects

Determine relationship of energy vs critical
parameters (production etc), interactive effects

16
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Good practices-analysis

Correlation of energy with
critical parameters

90,000
80,000
70,000
60,000
50,000
40,000
30,000
20,000
10,000

0

kwh/d

total-electricity vs production

y =0.0363x+ 14605

R? = 0.8869

500,000 1,000,000 1,500,000 2,000,000 2,500,000

It/d

Representative periods

Katavopun nAeKTpLKG KaTtavaAwaong

i Mpoppun mapaywynig

M Jupmeotéc aépa uPnAng
W ZUPTLECTEG aépa XapUnAng
H Wuxpootacio

M QwTLoNGS

u Mpadeia

Al

CUSUM ¢uoiko agplo

RIS

Allocation of energy use
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Good practices-justification

Benchmarking
SEC benchmarking
- 120
2,500 - 1.00
L:’,,zlooo 1 0.80 E"
§ 1,500 | 060 g
2 1,000 - - 040 B
500 - 020 ’— ————————
0- L 0.00 To Heat 37oc [
2’(\0\ & "\\Q'& & ‘ o&\ '0(@\ H electricity Pumpe
© & = & & &
& ¥ & < & wtherwa | W [
‘\o‘ 5 _05\ &
o + & water 28-32°C esasre [ N
| - -
Problem: Justification of need-scope 20-25°C W
- " Raw waste o
: 139.4°C 28°C
water L l

Proposals: clear and analytical, with technical

evidence
34.6°C example I
‘ ®LDK
18 e
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Good practices-measures

Target on no/low cost measures Focus on -
process

" Correlation of CAPEX vs savings and BCR" Vla bl I I t ! : LCCA

‘ HR from furnace

Example ]

@J0-1
9J0-2

©Jo-6
@J0-3

v Risk: Sensitivity analysis

5,000 @Jo-4

Annual Savirgp (EUR)

@J0-5

& + + + + + + + + +
F 0 50,000 100,000 150,000 200,000 250,000 300,000 350,000 400,000 450,000 500,000 \ EXa m pI e 1 D K
[ 1 )

Investment (EUR) . L

nvestment

, | 19 ®
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International experience
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EE potential in industry

Industry in the EU: > 35% primary 50,000

energy demand s
E 70000 RSP e —%
Technical potential of EE in industry: - 5 eo000
E
0 i - _
50,000
40% of primary energy supply
=1 40,000 ; %
Differentiation in achieved results in so E 000
far 5 20,000 t } t t } } } t
10,000 s —= O » "
2015 2020 2025 2030 2035 2040 2045 2050
—#—Iron and stesl 63,100 64, 500 65 900 67,500 63,500 71,300 72,100 72, BD0O
== Mon ferrous metals 9,500 9,100 8,300 8,600 8,400 3,200 E DDD 7,800
Chemicals 56,700 59,000 63,100 | 66,400 69,600 72,500 | 76,400 80,000
== Mon metallic minerals 37,500 37,400 37100 36,500 36,700 36,500 36,300 36,100
—%— Paper and pulp 40,800 39,600 38400 37,200 36,200 35000 | 34,000 32,900
Food, drink and tobacco | 28,700 | 27,900 | 27,100 26,300 @ 25,600 24,900 24200 23,500
—+—Machinery 20,300 20,100 19900 | 19,800 19,600 19,400 | 19,200 13,100
Petraleum refineries 45700 46,000 44100 42,500 40,900 39,400 | 38,000 36,700
_-—
49 :Accele.ration of energy Slower intensity Intensity increas |
= intensity decrease decrease Source: ICF, 2015
M
Q
2% 2 ’
S
0% \‘ T T \. I- T T TI II T II T \I II Il \I T
-2% I B 'I 1 I I | .
_4% , | | =
_6% 4
M 2000-2007 2007-2013
-8%
BTEIXE > 4O8X EYSZTLDFE ST MMECYU®DY>TO
c = c =) > © < o QO O c
SEBEESF SS9 35285578 §523%5880E%
2206565 ©2& g0 Jdg =z £EE=Eg3Cc 03
o oS @ o < = 3 T Source: ®LDK
e 2 = Energy Efficiency Trends and Policies In 31. e
Industry ODYSSEE-MURE, 2015 'YYIY




Article 8- Compliance

04.12.2012: EED enters into force

05.06.2014: Deadline for transposition

05.12.2015: Deadline for audits

08.2014 05.2015 i 11.2015
Austria Bulgaria i Greece
| |
07.2014 J| 09.2014 06.2015 !
Italy Belgium Hungary >
‘ (Flanders) ‘ 3
wn
04.2014 07.2014 11.2014 07.2015 v
Sweden |l United France Czech =
Kingdom ‘ Rebublic s
| | v
04.2014 08.2014 §10.2014)§12.2014 04.2015 IS
Denmar Romania jj Croatia | Finland Portugal =
| | | | | | [ i
03.2014 06.2014 10.2014]12.2014 04.2015 07.2015 !
Slovenia Malta Ireland |Slovakia Germany Netherlands
Y oYY oWy TYY oY v o | LA |
I i
7 77
0 QL | Q2 | Q3 | Q4 ‘ | Q2 | Q3 | Q4 ‘
2013 2014 2015
Source: Ricardo, Article 8 of EED; challenges for
large enterprises, 2016
Timeline for Article 8 compliance
22
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Obliged non SME companies

100 000

10 000

1 000

Representativeness

100 toe = tonnes of il equivalent

Number of large companies
[log scale]

=1000 toe — 100%.

900 — 1,000 toe — S0%

800 — 899 toe —45%

700 — 799 toe — 40%

600 — 699 toe — 35%

AT BE"BE™ BE BG HR CZ CY DK FI FR DE EL HU IE IT LV LT LU MT NL PL PT RO SK ES SE UK

wak

500 — 599 toe — 30%

400 — 499 tos — 25%
Source: Ricardo, Article 8 of EED; challenges for

large enterprises, 2016 300 — 390 tos — 20%
200 — 299 toe —
Obliged companies -
g p 100 — 199 toe
- 10%
50-99
tos — 3% Sampling if sites consuming below
1_48 100 toe exceed 20% of organisation’s
4 - total energy consumption.
08 —
1%
23 Source: Ricardo, Article 8 of EED; challenges for 1) o0

large enterprises, 2016 0000
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Implementation of ISO 50001

12%
—
[}
(=]
(=3}
o 10%
2
o
[e]
e
2 8%
o
oE
® S
w D
53 6%
gs
S T
=
£
a 4%
—
(=]
[=]
(=)
wy
A
- EEEEEN
& 2 D S N I I R S . S S S WS-« S SRR, S, 3
6{‘;\\ cﬁ‘? & 0?06\ & *QOS\ & a"’c& \,‘c&\ & o & & @ib o @‘éd & Q‘\}é\\ & &
by A N ; () o
o v\b®90®+a(o o K < S &7 CDQ\Q_Q, g% &f
& o &
"N A
N> <
Source: P. Waide, European Experience with
energy management, 2017

<
56

3
>

]

Figure 15: Number of ISO 50001 certificates in the EU-28 MS in 2014

-

0

10

56

12

25

Source: EC, 2016
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Energy audits: lead to actions or are tools for compliance??

EE measures financing

=~

Energy audit costs - Manufacturing

e
w

I

Mandatory implementation...

w
!

M
w

\ — GErmany
e France
\ s [ty

KENYA

=
w

\ e Denmark

Energy audit cost (€/m?)
%]

[u
I

THE ENERGY (ENERGY MANAGEMENT) REGULATIONS,
2012

e
w

= Romania

——Sweden

Energy conservation measures. 0

0

8. (1) The owner or occupier shall take measures to

T T T 1
10000 20000 30000 40000
Occupied area (m?)

realize at least fifty percent of the identified and

Source: A study in energy efficiency in

recommended energy savings specified in the energy EEES, (5 , 200

investment plan by the end of three years and
thereafter at every audit reporting date.

Source;

https://www.erc.go.ke/index.php?option=com_content&view=article&id=24 3
9:public-notice-the-energy-energy-management-regulations- e
2012&catid=108&Itemid=700

Firms Not

2000=

Source: Dept of Business Energy and Industrial
Strategy, UK, 2017

' ' ! '
2015-01 2015-07 2016-01 2016-07



Energy Audits at Hellenc Brewery

Energy Audits at FAMAR pharmaceutical company
Resource Efficiency audit at Enzym Yeast plant
Energy Audit at JORMAG magnesia plant

Energy Audit at grain facilities in Tunisia

Energy audit at 2 sugar plants in Kyrgyz republic
Energy audits at 5 buildings
(schools/kindergartens/hospitals) in Yerevan
Energy audits at 5 buildings
(schools/kindergartens/hospitals) in Chisinau
Energy Audits at 7 sites of Coca Cola Hellas as per
EN16247 standards

Energy Audits at UKPF poultry complex

Energy Audits at the buildings of Nokia Hellas (4
buildings)

Energy Audit at Zernoff Group (Agribusiness)
Energy Audit at Khask (adhesive tapes)
Energy Audit at Rustavi Azot

Energy Audits at BMI and KMN copper plants

Greece
Greece
Ukraine
Jordan
Tunisia
Kyrgyzstan

Armenia
Moldova
Greece
Kazakhstan
Greece
Moldova
Ukraine
Georgia

Azerbaijan

LDK Consultants

4-6/2018
4-6/2018
9-11/2017
5-8/2017
5-8/2017
5-7/2017

9-12/2016
9-12/2016

4-12/2016

11/2015-
1/2016
9/2015-
11/2015
8/2015-
10/2015
7/2015-
9/2015
4/2015-
7/2015
3/2015-
6/2015

Established in 1968 in Athens, Greece
Comprising 6 companies (including subsidiaries
in Romania, Belgium, Cyprus, Serbia & Kenya)
80 employees

Fields of expertise: Energy, Environment and
Water,Buildings & Infrastructure, Socio-economic
Development

Average revenues: 13m €

Assignments in more than 70 countries world-
wide

Largest Integrated Consulting &

Engineering Services Company in Greece,
with 85% of revenues generated internationally

Geographic Coverage -

91 DK Subsidiarics
W Geograpiicat Presence

Groups Strategic phan focus wntil 2020

vvvvvvvvv
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PROJECTS WORLDW IDE

REACHING MORE
THAN 110 COUNTRIES

Albania
BAlgeria
Angola
Argentina
Armenia
Austria
Azerbaijan
Barbados
Belgium
Belize

Benin
Bolivia
Baosnia & Herzegovina
Brazil
Bulgaria
Burkina Faso

Burundi
Cambodia
Camerocon
Chile

China
Colombia
Costa Rica
Croatia

Cuba

Cyprus

Czech Republic
Denmark
Djibouti
Dominican Republic
East Timor
Ecuador

Egypt

El Sablvador
Estonia
Ethiopia
Finland
France

French Guiana
French Polynesia
FYROM
Gaorgia
Garmarry
Ghana

Greesce
Greenland
Guatemala
Guyana

" THANK YO

U

Haiti Libya Oman
Honduras Lithuania Pakistan
H||r_|galy Luxembourg Panama
India Malay sia Paraguay
Indonesia Malta Pearu

Ireland Maxico Philippines
Ialy Mongolia Poland
Japan Montenegro Portugal
Jordan Morocco Qatar
Kazakhstan Myanmar Republic of Moldova
Kenya Netherlands Romania
Kyrgyzstan Mew Zealand Russia

Lao People’s Nicaragua Rwanda
Democratic Republic Miger Samoa
Latwia Migeria Saudi Arabia
Lebanon Morway Sanegal

Off 21, Thivaidos st.
Gr-145 64, Kifissia, Athens
T: +30 210 8196700

E: savvas@ldk.gr

W: www.ldk.gr

REVIEW 2016

Serbia
Singapore
Slovakia
Slovenia
South Africa
Spain
SriLanka
Suriname
Sweden
Switzerland
Syria

Taj
Thai

tan
nd
Tunisia
Turkey
Uganda

CONNECTING
OURWORLD

Ukraine
United Arab Emirates
United Kingdom

United Republic of Tanzania
Uruguay

Uzbekistan

Venezuela

Vietnam

Zambia

Zimbabwe

OLDK
00080
eeee
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Project No PI-1A
D a t a S e e t S Biogas generafion-separation
AREA O
Assumptions
a (Electricity tariff Eur/MWh 93.3 Assumed green tariff
b [Gas tariff EUR/Nm3 0.46 Average 2015
c |Gas tariff EUR/MWh 62.49 Average 2015
PYPEY i Dl d |LPGLHV MJ/Nm® 26.477 assumed
Mapadoxég & Green Tarift EURG/MWh 127
a iTiunR QLOIKOL CEpPioL EUR/KWh 0.045 Méon Tir 2013 " Present
Source: AETIA g {Gas consumption boiler Nm3/y 43,915 baseline assumed
(http://www.aerioattikis.gr/Default.aspx? h ™ [Gas consumption boiler MWh/y 323 g xd /3.6/1000
b {AGA puoIKoL QEpioL kWh/Nm3 11.50 pid=16&la=1) i |Boiler efficiency (current) % 95% assumed present
j Heat demand MWh/y 307 hxi
flapoboa kardaTaon k |Gas costs €/y 20,184 b x g /1000
- | Electricity consumption MWh/y 1,271} total plant's consumption
¢ iKaravaiwon OA Nm3/y 860,870 dxb* 1000 m TEechicity Costs EURJy 118,607 Tl
d iKaravdiwon ©A MWh/y 9,900 amd TPooouoi®on
e iKootog ®A EUR/Y 445,500 d xa *1000 o |Electrical capacity Mw 0.347
f MaPOxT KALOAEPIEV m3/y 30,855,675 p {Electrical capacity (own) MW 0.151 costs included in O&M
ittp://www.pipefiowcalculations.comytables/fi q__electrical efficiency % 38% average of all units
g icp kavoaepicv(500C) kd/kgK 1.18 ue-gas.php r Heat efficiency % 42% average of all units
http://www.pipeflowcalculations.com/tables/fl S Heat Capacity MWth 0.38 oxr/q
h  imokvomnta kavoaepiav (500C)kg/m3 0.457 ue-gas.php t__Fuelinput MW 0.99 o/a
u |Operation hly 8,760 see analysis
v {Thermal energy UF % 43%
T s My 5010 o
i {O¢ppokpacia kavoaepiev TPI°C 500{ MEon Bepuokpaoia kavoaepicv x  Income from electricity sale Euro/y 283,606 axw
i {©epuokpacia kavoaepiwy Pet¢°C 250 ©/010 YETA TV avakTnon y |Biogas kWh/y 8,684,914
k  1@eppikr evépyela MWh/y 1,156 g=V*p*cp*AT z |Generated heat MWh/y 1,445 UXs
B.A EvaMarm 70% : iove: g QAWh//y 9;'::2 A x b /1000
- aved gas uro/y , X
E¢oikovopnon ®A MWh/y 809 k/f C [Nitrogen fertilizer Euro/y 22,690 see analysis
n  {E€oikovounon ®A Nm3/y 70,335 m / b x 1000 D [P205-fertilizer Euro/y 47,994 see analysis
o {Emaio ogerog amo efoikovounEUR/y 36,398 m x a*1000 E _[K20fertilizer Euro/y 8,265 see analysis
ab {Meioon oo kdaTog O&M EUR/y 10,000 mep. 15% kar'étog L Cioyidlisiiliseny - EUrofy) 188,856 -
— G ETOTOI income from fertilisers Euro/y 267,805| assumed 0 as baseline
p__{IuvoliKo ogehog EUR/y 26,398 H Total income Euro/y 641,693
KooTog emévévong J  |Gas needed for CHP Nm3/y 0 NA
q (Emévéuon EUR 70,000 K {Gas for CHP costs Euro/y 0O NA
L Electricity costs Euro/y 24,928} 10% parasitic consumption
= - = M {Personnel costs Euro/y 40,000 2 employees
Exmopmég agpicdv Beppoknmiov N  iMaintenance of installations Euro/y 290,225 mechanical + CHP
' {IOVTEAEOTNG EKTTOUTIGY tCO2/MWh fug 0.202 MnynA: Evp. Emrpotm O |Total expenses 355,153
s IMeiwon ekmmoumov CO2 tCO2/y 163.4 P Investment Cost
Q iSpecific cost Eur/kWe 8,287
R iInvestment EURO 2,875,418 see analysis
S | GHG emissions reduction
[ T Emission factor-electricity tCO/MWhe 0.521 source: EBRD
BACK U [Emission factor-gas tCO,/MWh fuel 0.202 source: EC K
Page 28 V  ICO2 emissions reduction t1CO/y 1,584 wxT+ szm 0
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Financial analysis

mmmm Turnover
1000000
0&M
800000 Cumulative cash flowsin NPV /
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Meprypagpn Benefit Movaéa
E€oIkov OpNGN NAEKTOIKNG eV EPYEIAG 0 KaBapr) Mapoboa Agia (KMA) EUR 271,781 -600000
E€oikov OpNon BEPUIKAG eV PYEIAG EUR 94,759 ATTAN Mepiosog ATOTTANP@UNG (AMA] &m 4.0 Y
Iuvolik e§oikovounon evipyeiag EUR 94,759 Abyog Ogérovg/KoaToug (BCR) 2.1 aar:
E€oikov ounaon v epol EUR 0 Eowrepikog BaBpog Amosoong (IRR) % 26.15%
KoaoTog emév duong EUR 240,000
Meiwon ot kd6aTog O&M EUR -34,286
MPOCBETO £I006NUa ATIO ABENCN TIWANTEWY EUR 0
MANBwpIoUOG % 2%
Xpov oG {wng years 15
TV TEAETTAG POPOAOYNONG % 0
EmTokio av aywyng % 10%
Etnoieg xpnuaroppoig [ og EURO]
MNepiosog 0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 18
Erog 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029
O@eAOG aTIO £EOIKOV OUNON EV EQYEIAG 94,759 96,654 98,587 100,559 102,570 104,622 106,714 108,848 111,025 113,246 115,511 117,821 120,177 122,581 122,581
O@ehog amo e€oIKov OUNGN Vv EPOL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
MPOCBETO £I006NUa aTTO AbENON TTWANCEWY 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Meiwon ot k6aTog O&M -34,286 -34,971 -35,671 -36,384 -37,112 -37,854 -38,611 -39,384 -40,171 -40,975 -41,794 -42,630 -43,483 -44,352 -45,239
MikTO KEPSOG 60,473 61,683 62,916 64,175 65,458 66,767 68,103 69,465 70,854 72,271 73,717 75,191 76,695 78,229 77,342
KdoTog emév suong -240,000
Kabapn xenuaTtopen -240,000 60,473 61,683 62,916 64,175 65,458 66,767 68,103 69,465 70,854 72,271 73,717 75191 76,695 78,229 77.342
Napovoa agia -240,000 54,976 50,977 47,270 43,832 40,644 37,688 34,947 32,406 30,049 27,864 25,837 23,958 22,216 20,600 18,515
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Sensitivity analysis

NPV (Eur)
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Sumamry sheet

- Electricity | Electricity Themal Cost
€

MWh/y % MWh/y % €/y years % € Ton/y

Biomass Boiler at the Spirit

ZE-1  Plant 6,002,000 0 0.0% 110,444 50.4% 2,226,975 2.7 36.8% 10,936,546 22,310
Efficiency improvements at

ZE-2  Boilerhouse 78,000 0 0.0% 2,592 1.2% 90,822 09 1164% 612,798 524

BA-1  Newsmall HW boiler 20,000 0 0.0% 190 5.8% 6,140 3.3 29.6% 25,177 38

BA-2  Newcompressed air system 40,000 120 7.1% 0 0.0% 9,062 4.2 22.2% 14,332 63
Energy efficiency in steam

BA-3  distribution 27,500 0 0.0% 594 18.1% 17,940 15 65.2% 108,955 120
Heat recovery for buildings

BA-4  heating 75,000 0 0.0% 237 7.2% 7,160 10.5 4.9% -20,544 48
Replacement of lamps with

BA-5  energy efficient 17,100 89 5.2% 0 0.0% 7,359 21 46.7% 43,873 46

BA-6 Newline no4 200 1,122 65.8% -3,298 -100.7% 177,745 5.0 18.3% 458,941 84

BA-7  Rain Harvesting system 100,000 0 0.0% 0 0.0% 2,055 432 0.0% -82,405 0

Pl-1 Biogas generation 2,763,566 3,040 239.1% 0 0.0% 431,111 6.4 12.6% 438,719 1,584
TOTAL 10,189,644 5,784 110,075 3,121464 33 12,534,173 29,230
TOTALACCEPTED 9,700644 5,039 110,523 3,093060 3.1 12,834,053 28,933
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