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Three ways of looking at energy efficiency opportunities:

A Sector-Specific processes

Iron & Steel
Cement
Chemicals
Pulp & Paper
é

To o Io Io Do

A Cross-Cutting systems (across sectors)

A Steam systems 10-20%
A Cooling/Refrigeration 20-40%
A Motor Systems ~ 30%
A é

A Firm size (across sectors)

A Small-sized
A Medium-small-sized
A Medium-large-sized
A Large-sized
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Data on Energy Efficiency Measures 3

(EEMS)
C25 AMetal meccani coo0 e -fPaddettp | e | mpr es e
Descrizione Risparmio Costolmpl. PBT

[tep'anng [U2009]

Utilizzare lampade e apparecchi illuminanti ad & 2.34 1,097.11 1.98
efficienza
Eliminare le perdite di fluidi nei circuiti/valvole i 3.36 25158 0.24
pressione
Installare le bocche di aspirazione dempressarnel 1.05 24850 1.07
luogo piu fresco possibile
Utilizzare una tipologia di motori elettrici pil 1.36 997.62 2.81
efficiente
Ridurre la pressione diaria compressa al minim 1.79 14.97 0.02
richiesto

Criterio: piu implementati

All sistema di generazione e distrH
sembra | 6area di i ntervento pi % \

A Vi sono interventi di ripristino e ottimizzazione delle condizioni
operative, non solo innovazione

A Consistenza con risultati dei settori tessile e plastico

(Source: Cagno and Trianni, 2012)
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1)
2)
3)

4)

1 Investment costs

2 Information issues on energy contracts

3 Hidden costs

4 Intervention not sufficiently profitable

5 Difficulty in gathering external skills

6 Low capital availability

7 Technologies not adequate

8 Technologies not available

9 Information not clear by technology providers
10 Lack of Time

11 Implementing the interventions

12 Lack of information on costs and benefits

13 Intervention-related risks

14 Identifying the opportunities

15 Lack of interest in energy-efficiency interventions
16 Other priorities

17 Imperfect evaluation criteria

18 External risks

19 Trustworthiness of the information source

20 Identifying the inefficiencies

21 Inertia (Source: Trianni et al., 2013)

Le barriere pi Y percepite appartengo
Le barriere informative sono considerate rilevanti

La disponibilita e adeguatezza delle tecnologie sono problemi forti
(trasferimento tecnologico verso PMI)

Le barriere comportamentali sono considerate di minore importanza

Enrico Cagno © - 2014
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Barriere - Effettive

Implementing the interventions
Identifying the opportunities
Identifying the inefficiencies
Imperfect Evaluation Criteria

Inertia

Other Priorities
Lack of interest in energy efficiency interventions

Low Capital Availability

-1.5 -1 -0.5 0 0.5 1 1.5

(Source: Trianni et al., 2013)

Le aziende hannou n 6 o t visiomeadella propria situazione economica
Le barriere comportamentali sono fortemente sottovalutate

Le aziende non si rendono conto che le soluzioni disponibili sono semplici e a
portata delle loro competenze

Lo6ef f i energetica a di fatto relegata ad un aspetto marginale nelle priorita
del | 6 amoneviermeancora vista come reale opportunita per il business)

To o Do Do
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Non-Energy Benefits (NEBS):

Additional enhancements to the production process thanks to energy
efficiency projects.

In addition to reducing energy, these projects increase the productivity of
the firm.

EE + NEBs = increased productivity

NEBs also called co-benefits or multiple benefits
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Waste J

AUse of waste fuels, heat, gas
AReduced product wast
AReduced hazardous waste
AMaterials reduction

AReduced dust emissions

AReduced CO, CO,, NO,, SO,
emissions

AReduced need for personal
protective equipment

Almproved lighting

AReduced noise levels
Almproved temperature control
Almproved air quality

4[ Prodution J'

Alncreased product output/yields
Almproved equipment performance
AShorter process cycle times
Almproved product quality/purity
Alncreased reliability in production

%[ Operation & Maintenance J'

AReduced need for engineering
controls

ALowered cooling requirements
Alncreased facility reliability

AReduced wear and tear on
equipment/machinery

AReductions in labor requirements

ADecreased liability

Almproved public image

ADelaying or reducing capita
expenditures

AAdditional space

Almproved worker morale

(Source: Worrell et al., 2003)
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A N E Bften exceed the value of energy savings
A1 n c | NEBS redgces payback times for new investments

MAReduced capital expenditures and labor costs larger than energy savings
D O E dMstor Challenge Program (41 projects)
(Pye and McKane, 1999)

Avalue of NEBs are equal to about 2,5 times the projected energy savings
for the installed measures

NEBs equal to about $17.239 per measure installed per year
Wi sconsindés Focus On Energy Business
(Hall and Roth, 2003)
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Non-Energy (or Productivity) Benefits (NEBS)

Overview of Impact of NEBs Reported
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(Hall and Roth, 2003)

- I POLITECNICO DI MILANO

Enrico Cagno © - 2014




. . Y
Iron & Steel Industry T Including benefits

Energy efficiency measure Productivity benefit Cost savings
(US$/tonne steel)

Electric steelmaking

Oxy-fuel burners Reduces tap-to-tap times $1.00

Scrap preheater—FUCHS shaft furnace Reduces electrode consumption:improves yield: $0.80
saves waste handling costs

Bottom stirring—stirring gas injection Improves yield: cuts need for inert gas purchases  $0.22

Improved process control Reduces electrode consumption:improves yield: $0.90
saves maintenance costs

DC-arc furnace Reduces electrode consumption: reduces tap-to- $0.13
tap time

Scrap preheater— CONSTEEL Reduces electrode consumption: improves yield $0.38

Scrap preheater—twin shell Reduces tap-to-tap time $0.11

Foamy slag Reduces tap-to-tap time $0.63

Integrated steelmaking

Injection of NG—140 kg/thm Decreases coke use: O&M and material cost $0.36
savings at the coke battery®

Pulverized coal mjection— 130 kg/thm  Decreases coke use: O&M and material cost $1.43
savings at the coke battery®

Pulverized coal mjection—225 kg/thm Decreases coke use: O&M and material cost $0.27
savings at the coke battery?

Adopt continuous casting Saves equipment’handling costs: reduces material  $5.36
losses

Hot charging Reduces material losses: improves productivity $0.25

Both electric and integrated

Thin slab casting Improves productivity: reduces material losses $6.27

(Source: Worrell et al., 2003)
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The effect of productivity benefits on the
cost-effectiveness of conservation measures

Without productivity benefit Including productivity benefit
Measure CCE ($/GJ) Rank (of 47) Cost- CCE ($/G]) Rank (of 47) Cost-effective?
effective?

Inj. of NG—140 3.1 19 NO —0.5 8 YES
Coal inj. —225 3.9 22 NO 1.0 23 YES
Coal 1nj. —130 4.4 23 NO 0.1 11 YES
DC-arc furnace 5.0 26 NO —13 6 YES
Process control 5.6 27 NO —2.1 5 YES
Scrap preheating 6.7 31 NO —0.6 7 YES
Thin slab casting 8.5 35 NO 1.9 27 YES
Hot charging 8.9 36 NO 33 35 NO
FUCHS furnace 12.7 37 NO —3.5 3 YES
Adopt cont. cast 14.3 39 NO =35 2 YES
Twin shell 16.6 40 NO 3.3 30 NO
Oxy-fuel burners 17.4 41 NO —5.5 1 YES
Bottom stirring 20.5 45 NO —-24 4 YES
Foamy slag 30.1 46 NO 7.2 40 NO

(Source: Worrell et al., 2003)
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21 "
18 | s [
Annual Cost-Effective Primary Energy Savings
~ 15 _ _
Q Excluding Non-Energy Including Non-Energy
& . Benefits: 1.9 GJ/tonne Benefits: 3.8 GJ/tonne
212
g I difference: 1.9 J/tonne,
c __approximately 168 PJ/lyear
LIJ m 9 — ‘I »
33 |
> % ’
[ |
56 | :
o) |
O @ :
50 3 !
o b —
8 _,__._F'_r 1994 Weighted Average Primary Fuel Price ($2.14/GJ)
0
3] — Cost €urve With Changes in Energy Costs
== Cost €urve with Changes in Energy and other Benefits
-6
0 1 2 3 4 5 6

Energy Savings (GJ/tonne) (Source: Worrell et al., 2003)
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Attributi degli interventi di efficienza energetica

ARC  Cross Descrigtion Ref. description Eonomic Energy 1} Producti Implementation-related Inter,
cutting
technologya
Pay- Imp R Amount Emission Waste  Productivity” Operation  Working  Saving  Activity Ease of Likelihood Corporate  Distance Check-up Indirect Ref.
bxck Costs® Streant® of Saved reduction® reduction® and Environment’ strategy® Type® p jon' of success/ 1nvol ' tocore  frequency' effects® attributes
__time® Energy? Maintenance’ processes®
24111 M Utilize energy-efficient belts  {35-58) U E v NAA P y T T £ Dep WL gD 0 NA  |55.58-60
and other improved }.l
mechanisms -
24112 M Install soft-start to eliminate  {54-56) U H E L NIA NIA P D’ r E Diff* ' L qo 0 P 117,59.61|
nuisanse trips
24113 M Install motor voltage controller [41.54.5.62| [ E L N P v D v E Diff’ v L qo o P 117.55.59,61)
on lightly loaded motors
2431 M Replace over-sized motors and  {57.63) M H E M N/A NA P D 7 E Diff’ M L qD P P [4).47,63 64
pumps with optimum size
24132 M Size electric motors for peak  |55-5752) M M E M NA N/A P D r E _Nr\ L g P P 117.41.47 6354)
operating efficiency ' W
24133 M Use most efficient type of {41.57.62,65) MM E N P NA P D r E l:\ Easy’ L qn P P 1174045~
electric motors . 59|
24134 M Replace electric motor with  55,57.66,67| M M E NA  NA N/A NIA N/A N/A E Diff L qn 0 N/A
fossil fuel engine Ty
24141 M Use multiple speed motors or  |41,55-57 65-68| Mowm E W P NA P p T E Easy' | L qo 0 P 117.46.8-72|
adjustabie frequency drive (afd) I:\ }
for variable pump, blower and -
compressor kads
24142 M Use afd to replace motar- {41,55-57,6568) MM E 'y 3 NjA P D r E Diff* L qo 0 P 11741.46,69-
generatar set 7|
24143 M Use afd to replace throttling  141.55-57,6568) MM E M P P P D T E Diffe L qD 0 P 117.46,83-72)
system
24144 M Use afd to replace mechanical  141.55-57.6564] MM E M 2 N/A 3 D ) E piff’ L qp ] P 117.41.46,69-
drive |
24145 M Install isolation transformer on [57] L W E N/A NA N/A N/A D NA E Diffe L qo 0 3 1@}
afd
24151 M Develop a repairfreplace palky 57| M H E NA  NA NA N/A N/A N/A EfC Dep’ M w qo P NA O 1®)
24152 M Use anly certified motor repair |57 NA NA& E (A NA NIA N/A N/A N/A E Dep’ 1 L qo P NA (%63
shops y
24153 M Avoid emergency rewindof  [57.63) ML H E N NA N/A NjA N/A N/A E Dep’ H '.'I L qn P NA  1863)
maotors
24154 M Avaid rewinding motors more  [55.57,63.6667| ML E N NA N/A NIA N/A N/A E Dep’ H/ L qo P NA 863
than twice ) A
24155 M Standardize motor inventory |57 ﬂ\.'. L E NA  NA P N/A N/A N/A E Dep’ M L qo P NA  [3459)
24156 M Estabiish a preventative 1571 st E M NA P P D N/A E Dep’ M L qo P P (54.59.63}
mainte nance program |
24157 M Establish a predictive 1571 s |t E M NA N/A P D N/A E Dep’ M L qo P P 159.63)
maintenance program N
|
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Automotive Co.
System Modelisation

T Sl (BSOS T - :
I materiais ! 1 onergy supply | 1 S220P0Y 1 Guiaquesuet | | Indusira
I sweglers. 1_(ENDESA) 1 4 N aquedu
= = e ot Sl I T
Ml and Thermal | of potatle u water accu. _’_3_‘:_.
ANALYSIS SYSTEM . [

e

B e e T I
L ey ] e fomo 1 an 1 G ] oo 1 g
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ELEMENTARY Process materials
PROCESS

Water £
(TEMPLATE) V., nergy

materials ‘
. —p Reject .

— By-products

Product

— sl Product

P4

Waste oils Waste Waste water
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Automotive Co.
Deployment Analysis

PNEUMATIC AIR PRODUCTION
AIR —
E.E. (for pneumatic air production) —_
Industrial water (for compressor cooling) e

Y

EP6 EP 2
Technological Dy Pneumatic air
production

A 4

water storage & EP 8
transportation Connecting
I rod

EP 10 EP 11 EP 13

B2 Head engine

Basement

PE12
Camshaft

EP 14
Short block

EP 15

Cylinder Driving

head shaft assembly Long block

Enrico Cagno © - 2014 POLITECNICO DI MILANO



Automotive Co.
Inventory analysis

Uncertainty & Variability

PE2 - Produzione e distribuzione Aria Compressa

(Genraio-Ghgno 2004) UF «/motre
t
e :m— - a DT PBR,,
a5 0e per pr: ¥t compr wh
i ‘2 rabbeccs acqua nd tome 0X3Imc PES
P S Template & Flows

-
\3*,‘ P Migiia maefla maton

» )
ARIA M 7 ARIA OU N7
1 PES PE3 0 PE11 PE12Z PE12 PEW PEYS PEIS 24 ToT
T — [ PE2 - Produzione e Wp— -
w4 248 ¥Wh
\ distribuzione Aria Compressa = coatta cdhors
A
. 7
S N spurghe 3cqua Yore m  PE2& /7
S N vaporanons acqua tom M antkne e
- = “~ -
S -

Cneces ae)nem USCAS COMEressan-0A o 1args 18 £P3  Borme xRS I -

. \ M kPa comoresson ZRS el

. BN P2 compresson ZR7TH0
Checs2 assotimgrio reale-ass df txpa oY compresa ZR6

- '-, WY compresson ZRS

Y compresson ZRTS0
Checkd  Cortayfe M7-somma ute -'m: NT
Chgghs (Sogna conttont M 1-5)-M6 ome NS
L . - gl mans ron calooatie (313 03 ambiente estemo)

e @ IS gl & M3
N3 vaore sb 200CC0 SO0UAT0TE & Stat0 trasformato & 10086 in evaporazione
ne viore otatd OTC W kzz ando coeft conversione. Ocoome monforare cortdonsucal IT (MY e BT)
NS cosfioege & cony S 3 38 COMpressa & oisrulo GN G O LGS 0 G Consui Hono? Se dvers 1 ¥ pates pud essars UL M0 Come Chack

NG Hvdore b ngresso 3P ome dferenza tra M6 8 M7 cotome contalon oaacao
N7 Nl valore relatvo a PE10 (TH ghtura contatore N8 (2v) + affererza ¥a somma PE e M7: occorme montorare contatore M8A
Au.:/r?’om:anty:»corim 0

-~ 7’

Checks, Notes & Parameters

B POLITECNICO DI MILANO

Enrico Cagno © - 2014




Automotive Co.
Criticality analysis

Ene

rgy

EP1-Auxiliary material management

#REF!

EP29-Sludge treatment
EP28-Packing collection

EP27-Urban wastes collection

EP19-Metal shaving treatment

EP18-Scrap collection
EP17-Picking

EP16-

~
N

EP2-Pneumatic air production
EP3-E.E. transport&transform.

EP4-Refrigeration&thermal exchange

EP5-Transport of drinkable water

EP6-Technological water accu.&transport

EP7-Demi

EP8-Connecting rod

EP9-Engine basement

EP10-Cylinder head

EP15- Long Block
VQM

Enrico Cagno © - 2014
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——

Results (and resources) of some of the pilot projects
(engine factory)

N Project Result Benefits Cost Team Time
[%] [U; approx.] [men] [months]

1 | Switching-OFF -2 [ $ 3+4 12

2 | Compressed air -30 [ $$ 3+1 8

3 | Metal shaving -7 [ $$$ 3+4 12

4 | é e é e e e

With a pay-backtime shorterthan horizon (conservative estimate)

€ not orather...é

- I POLITECNICO DI MILANO
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——

The company

A300 employees (170 in the Jersey unit )
A50 Min U Revenue
A3 Units: 1. Jersey Unit

2. Other fabrics (textile product) Units

3. Plant Utilities (thermoelectric unit, depurator)

P N

Steam at 6 ATE Steam at 30 ATE Hot water
45.000 ton/sem 16.000 ton/sem 300.000 m3sem

A5.500 items (Jersey Unit)
A3 water wells (900.000 m3/sem)

- I POLITECNICO DI MILANO
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PRODUCT COST WAS TOO HIGH

p
Alncrease of energy and water cost

CRITICALITIES ) AEnv.-friendly chemicals products very expensive

APression from Env. Regulation (IPPC)

\ ALocal community

Objectives

Quantification of the energy and heat in air emission and

waste water (energy waste)

Quantification of the chemicals product in waste water

POLITECNICO DI MILANO
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JERSEY UNIT

Gestione Magazzino

—Spedizione
1
I - - _I ______________ |_ -
1 . .
I : ¥ v
+ , Reparto Reparto Reparto Reparto
Funzionamento |!  Tintoria Finissaggio Garzatura Confezione
Cucina Colori 1 X X
: Arrotolatura Purga in Controllo Finito —
Subhi Continua "
1 Taglio Pezze —
! arrotolamento su Tubo
1 - -
| Tintura Candeqgio
_____ | in Largu Smeriglia‘ura
preooon + Trattamento ed - Imballaggio
| Sfaldatura | Purga e Asciugamento +
hé . ........ B Tintura
; Cucisacco | in Corda Termofissaggio
..................... —— r
ricorda ;
o || Manutenzione

Critical resources

A Steam at 6 and 30 Ate
A Hot water

A Cold water

A Labour

A Electric Energy

Main wastes

AWaste water

ASludge (mud)

AAir emissions (smokes)

A6 Downd (produ

6 product families identified as critical

Enrico Cagno © - 2014
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The Textile Co.
% value absorbed by cost objects

waste water ]
Acque reflue

10,5%

3 products <

10,1%

10,6%

( O
Prodotto speciali (N+EL G)

Prodotto nero (N+EL L)

Prodotto chiare (N G)

Prodotto bianco (N L)

11,6%
Odow

smokes

Enrico Cagno © - 2014
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The Textile Co.
Product: black woolen yarn

FULL COST
3,85 1

. POLITECNICO DI MILANO
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The Textile Co.
Product: black woolen yarn

FULL COST
3, 85 1 _
Production
Cost
1, 40
36%

Waste Cost
2,45 +—
64%

B POLITECNICO bl MILANG
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The Textile Co.
Analysis Example

Visible Costs vs Hidden Costs
[ G/ Hal f-ye
600.000
— 500.000 1
c_U 400.000 A
T 300.000+
; 200.000-/
100.000 A |
0- Visible costs
Product \Waste Air Waste Sludge
water  emission
B Visible costs O Hidden costs *

Enrico Cagno © - 2014
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The Textile Co.
Waste Water Analysis

The main activity is not Waste Water Depuration (13%), but Dye-works
(26%) and Washing-works (rinsing, bleaching, water & color excess)

(27%)

Macrorisorse per Purga e Tintura in corda

” F3%hot water

_

17%

Waste water cost

27%

splits in activity cost (%)
26%

12%

1%

4%

13%

15% 2%

) labor
18%
O Acqua Calda B Lawvoro di Produzione
O Vapore a 6 Ate @ Acqua Fredda
B Impianti - Macchinari -Attrezzature @ Energia Elettrica
@ Aria Compressa O Canoni e Leasing
m Altro
dye-works

waste water depuration

B Tintura il largo

@ Ter

B Depurazione acque reflue
O Purga in continuo

O Trattamento e asciugatura
B Funzionamento cucina colori

B Man |
O Purga e tintura in corda

Enrico Cagno © - 2014
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WASHING-WORKS

a great amount of labor was used because both
depuration and bleaching activities were done together

too frequent washings of the machine
using hot water and labor

. 3

SOLUTION: separate bleaching and depuration activities

So easy! ¢é but not evident é

- I POLITECNICO DI MILANO

Enrico Cagno © - 2014




The Textile Co.

Results
Visible Costs vs Hidden Costs
[ U/ Hal f-ye
600.000
500.000 -
~ 400.0001
©
T 300.000 A
; 200.000 A
100.000 B
0 - Visible costs
Product \Waste Air Waste Sludge
water  emission
B Visible costs @ Hidden costs

Enrico Cagno © - 2014
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The Textile Co.
Improvements

FULL COST
3,46 1
Production
~ Cost
1,40
41%
Waste Cost
2,06 +— X
59%

B POLITECNICO DI MILANO
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Progetto EMA - Priorita di Intervento 31

Indice di Criticita VETTO RGETICI el
Miglioramento
"

£

Indice di
Criticita

Indice di
iglioramenta

i
1

Priorita di Intervento

Priorita di
Intervento

HJ - “u IJ _ H

Aria Compressa Duminazions HVAC UF 1 UF 2 UF 3 UF 4 UF 4

Unitad Funxionall
- I POLITECNICO DI MILANO
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Indice di Miglioramento 32

Ha lo scopo di valutare quale sia il livello di adozione delle migliori pratiche e
tecnologie disponibili

BAT

Checklist di Gap Miglioramento
indagine Analysis Potenziale
Stato dell 6i mpr esa

B POLITECNICO bl MILANG

Enrico Cagno © - 2014




Plastic Co. a3

100%

90%

80% -

70% -

60%

50% -

40% -

30%

20% -

10% -

0% -

Indice di Criticita Indice di Miglioramento Priorita di Intervento

M HVAC M Aria Compressa llluminazione M Soffiaggio Ml Stampaggio I Granulazione/Macinazione

POLITECNICO DI MILANO
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Priorita di Intervento 34
Il risultato di ogni Unita Funzionale
non  semplicemente un valore uni co,
e costituito da tre contribut. d |
-_§ - FPrestazioni reali
[1b] A
o s, Prestazioni obiettivo
Q
T
[=]
E
@ Obiettivo
3 o
Nuovo
obiettivo
‘\
4
Tempo .

Ripristino Ottimizzazione

Enrico Cagno © - 2014
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Plastic Co. 35
6 Innovazione
A Ottimizzazione
A Ripristino
5
4
£
2
o
g 3
8
z
2
1
. I ==
@E;s’b ,é}o& ,5.\‘?‘ @QQ' 6;39 \0&
Q , & f N
& & 2y < &
@ ¢ & R
e@i’p&

Unita Funzionall
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Plastic Co. 36

Interventi di ripristino delle condizioni operative

M Livello 1
0,09

o

Indice di Priorita

Unita Funzionali

AAria Compressa: ricerca sistematica delle perdite
A Soffiaggio: isolamento termico insufficiente

Enrico Cagno © - 2014
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Plastic Co. 37

Interventi di innovazione

ASoffiaggio: sostituzione delle macchine
AMacinazione/Granulazione : utilizzo di motori e trasmissioni ad alta efficienza

- I POLITECNICO DI MILANO
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