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Summary

Training of trainers workshop on ‘dissemination of Japanese low carbon technologies in India’ was
organised on January 20, 2017, at Hotel Crowne Plaza, Pune by TERI in collaboration with
Maharashtra Energy Development Agency (MEDA). The event was supported by ‘Institute for Global
Environmental Strategies’ (IGES), Japan. The agenda of the Training of trainers (TOT) workshop is
given in annexure 1. A summary of the deliberations of the Training of trainers workshop is given
below.

Session-1: Inaugural

Mr Girish Sethi, TERI welcomed the Japanese experts from IGES and Hitachi. He gave an overview of
Japanese energy efficient technologies (LCT) for industries and development of JISMAP (Japan India
stakeholders matchmaking platform). He mentioned that the Japanese technology
companies/manufacturers are looking into market issues like costs and other resources which will
absorb the Japanese technology and various benefits which will be realised through its
implementation and replication of implementation. He mentioned about the oil crisis and how
Government of Japan supported overall growth in the country with keeping business needs and
policy developments in Japan. He explained about the aim of the todays TOT workshop, which
basically focussing on “compressed air technology” and requested participants to take it forward for
training colleagues and engineers. He also shared about the development of website of Japan India
Stakeholders Matchmaking Platform (JISMAP) which will showcase the case studies, feasibility
reports, potential Japanese technology suppliers and key applications etc.

Mr Hemant Patil, MEDA, welcomed Japanese experts and participants of training program, later He
thanked TERI and IGES for organizing the Training of trainers workshop at Pune. He mentioned that
the Japanese technologies are quite costly, which of course Japanese manufacturer might be
working on reducing the costs but the facts remains that the benefits accruing due life cycle are
important. He mentioned that PAT cycle-1 already completed and now it will be challenging for
industries to achieve the targets given in cycle-2. He requested TOT participants to understand the
advanced features of Japanese LCTs. On the JITMAP, He mentioned that this website will be helpful
for getting more information for the deployment of technologies. He mentioned that the
participants should interact with Japanese experts. He said that MEDA is developing energy
conservation policy and funds scheme, which will be made available for EE projects particularly on
ESCO basis. Regarding the Training of trainers workshop he suggested to cover wide range of sectors
and technologies for capacity building like this TOT workshop and initiating demonstration projects
of the Japanese technologies. Later he thanked once again to TERI and IGES for organizing the
Training of trainers workshop and he also thanked participants.

Dr Rabhi Abdessalem, IGES provided an overview about IGES and the IGES-TERI association in India,
which has provided support to bring in technologies from Japan and visit select site in India for
conducting feasibility studies, business to business matching. He mentioned that in order to move
fasters for initiating the technology identification and implementation on the ground, JITMAP
website is being developed to bridge the gap of information and culture amongst each country. He
mentioned that key activities includes assessment, technology option, matching the stakeholders
and up scaling the activities through awareness workshops and TOT workshops. He mentioned such
kind of TOT workshop have been organized first time here in India to train the trainers on Japanese
low carbon technologies. Under the project and association of IGES & TERI, more focus is on industry
(buyers) to match/collaborate with the appropriate suppliers of Japanese technologies. He




TOT Workshop Proceedings — Training of trainers workshop on dissemination of Japanese low carbon technologies in India

mentioned that application of LCT has good potential in Indian industries and could be implemented
by various strategies. He also mentioned that the overall efforts of IGES & TERI shows that there is
need for creation of the JITMAP platform for Japanese LCTs for business matchmaking and hence an
website which is under development will help to promote the LCT by showing case studies,
technology specifications, suppliers details etc. A copy of his presentation is provided in Annexure 2.

Session-2: Technical- Optimization of compressed air systems —
Japanese experience

Mr Saito Tsukasa, Compressed Air System Expert, formerly with Hitachi Industrial Equipment System
Co. Ltd, Japan, started his training presentation with CO2 emissions & GDP of various countries like
China, USA, India etc. A copy of his training presentation is provided in Annexure 3. He mentioned
that emissions are high because energy consumption is high. Some of the highlights of his training
are given below:

e The percentage contribution of energy consumption by air compressors in the Plants is 5
to 25% and potential savings is quite higher.

e For air compressors life cycle, the operating cost on energy is 84%, 7% for initial
investment and 9% for maintenance of the air compressor.

e He stated that there is three ways for using air compressor efficiently — Reduce the
consumption of air, reduce the air pressure and optimize the air compressor.

e Pipe size — thinner size should be checked. For reduced pressure loss without large no. of
bends should be avoided. Air with 4 — 5 m/s of velocity should be considered but if the
piping cost is too high then 15 — 20 m/s of velocity could be considered for calculation of
pipe size. Types of valves ball valves and globe valves, in globe valves there are 60%
more losses than gate valves.

e Piping should not be underground and drain valves should be placed at lower position in
pipelines. The filter size should be adequate so, that there is no pressure drop. Higher
resistance causes pressure drops and also there is overloading of the air compressors
resulting in frequent breakdowns. Piping should be used in looping for reduced pressure
drops.

o If the suction air temperature is high then energy consumption will increase.

e Check on Load/unload of air compressor, running hours, leakages etc.

e For variation in air requirement is from 20 to 80% that use of inverter type air
compressors is important, as industry though are using inverter compressor are not
getting desired energy savings. The continuous air compressor should be used at base
load and inverter compressor should be used for variable load with proper pressure
setting.

e Hence, control system if of importance while selection of inverter type air compressors.

o If adequate and large receiver size is used, there is energy saving about 3%. Proper
ventilation of air compressor decreases the surrounding temperature resulting in less
stoppage due to over temperature and energy saving with less inlet temperature. For
indirect ventilations large size fans are required. Proper layout of air duct is required for
ventilation. For various air pressure requirements in the plant, pressure boosters or
booster air compressors can be used, which will eliminate the high-pressure generation
at main air compressor.

e Pressure measurement on real time basis is key for energy savings as many problems
occurs due to fluctuations in every day. Once the pressure measured in real-time many
problems in the system related to pressure loss, quantity of air, volume of air tank,
looping of air piping etc. can be solved.
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e Pressure reduction by 1 bar will give energy saving of 6-8%. Use of proper air nozzles for
blowing will reduce the air consumption. Leakage test can be carried out frequently to
check the quantity of air leakages in the plant. The physical verification at joints of
hoses, couplers will help to identify the air leakages, even soap solution can be poured
at the joints for checking the air leakages.

e At many places it is observed that even if the air compressor replaced with 10% higher
efficiency but still energy consumption increased which is due the pressure being not
monitored in real-time and pressure settings/fluctuation not delivered energy savings.

e |t may also be possible sometimes energy is saved and sometimes energy not saved.
Hence cross point can be changed according the pressure graph plotted based on the
real-time measurement.

e Multiunit control can be used at the air compressor installations having more than 2 air
compressors. Etc. He explained advantages/disadvantages of centralised and de-
centralised air compressor systems.

e Selection of air compressors, less investments leads to lesser savings and for higher
savings higher investment should be calculated based on the life cycle and it may
provide basis that investment in the beginning leads to large amount of benefits hence
good calculations provides right results.

e |E5 motors efficiency is above 95%

e He briefed about various examples while mentioning points above. Plan/do/check/act is
continuously required for energy efficiency requirement in compressed air system.

Session-3: Technical- Optimization of compressed air systems —
Japanese experience

Mr Chetan Sangole, TERI, moderated the interactive session for questions & answers about the TOT
on air compressors. The following points are summarised based on question answers:
e Questions were raised for

capacity of air tanks, location of air tanks,

pipe sizing according to air compressor capacity,
speed control in oil free air compressor,

WHR from heat of air compressors,

O O O O

air savings valves,

o Efficiency of mechanical boosters and electrical boosters etc.

e Mr Saito Tsukasa, Compressed Air System Expert, formerly with Hitachi Industrial
Equipment System Co. Ltd, Japan, started answering the questions one by one and
interacted with participants. Some of the highlights of his answers are given below:

o Capacity of air tank depends on the capacity of air compressors, to calculate it
air compressor capacity to be multiplied by twenty.

o 4-5m/s velocity may increase the pipe and thereby cost but air velocity of 15-20
m/s may be used.
Minimum loss in inverter of Japanese make air compressors is maximum 3%.
Surge vessels might be useful to reduce pressure variations. In Japan, air tanks
sold more than air compressors.

o Location of air tanks depends on the air piping network design like lengths, size
etc. and is more customized solutions which varies from industry to industry.

o For oil free air compressors speed control up to 50% is appropriate and for oil

flooded air compressors speed control up to 20%.
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o InJapan, there are heat exchangers (WHR systems) being used to recycle heat
from air compressors jacket and the heat is used for heating the rooms, heating
swimming tanks, preheating boiler feed water etc. Heat exchanger used for oil
free air compressors provides much better feasibility.

o Air compressors capacity should be decided based on the collective air quantity
required for all usage points and considering 25-30% of it for sizing of air
compressors.

o Pipe size should be appropriate enough as per technical calculation and not cost
of piping and friction less pipe material should be used.

e The question and answer interactive session closed with vote of thanks.

Matchmaking of Japanese technologies through proposed on-line
platform JITMAP - way forward

Mr Girish Sethi, TERI, moderated the session for sharing the insights of the TOT workshop and
JITMAP website. He mentioned that TERI would like to collaborate with MEDA for developing
industrial clusters, training programs, ESCO projects, demonstration projects etc.

He requested participants to share about their experience and expectations on energy efficiency and
technology.

Select points of feedback and way forward:

1. It was appreciated by participants that vary deep insights has been covered under the
training program and which will definitely help participants to train other colleagues.

2. The selection of technology/topic of ‘compressed air system’ training helps as almost every
industry uses air compressors.

3. The Indian industries also needs support on technologies like refrigeration system, air
conditioning, air washers, AHUs, CTs, WHRs, energy efficient burners, boilers etc.

4. This kind of TOT workshop should be organized in various industrial areas of MIDC like
Taloja, Pataganga, Ranjangaon, Navi Mumbai etc. This may help business to business match
making.

5. Funding for the appropriate projects for implementation should be given though for the
Japanese technologies.

6. Indian industries are in need of high energy efficient technologies but industries are not
aware and clear about the cost and implementation strategy of such technologies.

7. Implementation barriers like feasibility survey/audit studies may be overcome but
convincing management is important and need more training about the technology
feasibility and financial feasibility.

8. Sustainable reporting along with annual reports are being prepared by many
industries/organization and focus could be on them for awareness and business to business
needs may help for JITMAP

Mr Hemant Patil, MEDA, highlighted the aim that building capacity of energy managers & energy
auditors under is important through such TOT workshop and MEDA support is available to TERI &
IGES in the interest of Maharashtra’s energy savings plan and emission reduction. Technology
penetration potential exists and it should be part of services of energy auditing. He mentioned that
clarity in business to business partnership is important and conversions of opportunity in business is
also equally important. MEDA can enlarge walkthrough energy audits services through empanelled
energy auditing firms and may also consider various proposals for technology implementation if
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ESCO mechanism is promoted. MEDA may also support similar training programs of TERI & IGES
under JITMAP as there is enough confidence in Japanese technologies.

Concluding remarks

Mr Rabhi Abdessalem, IGES, concluded the JITMAP project provides activities on the ground like
conducting feasibility studies and training programs. He mentioned that they will continue to
support feasibility studies and training which could be taken in another clusters and area. On finance
he mentioned that financing is not problem but how to develop project and how to approach for
finance is key. He mentioned that in this hall all stakeholders like industries, technology service
provider, ESCO, MEDA, TERI and IGES are present and once we agree on specific project and payback
then it is possible to expedite the process of implementation. He shared about the matchmaking of
business on LTCs and how feasibility studies provides values of parameters like energy savings,
payback etc. He mentioned that there are active discussions from the Govt to Govt and also this
project provides key inputs at policy level to overcome barriers in promotion of Japanese LCT. He
also mentioned that case studies may help for the way forward for win win situation.

About 42 participants like energy managers from industry, energy auditors from auditing firms,
government organization, and ESCO organizations participated in the TOT workshop.

Some photographs of the event are provided in Annexure 4.
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Annexure 1: Agenda of the Training Program

Training Program on
Japanese low carbon technologies and best practices

Friday, January 20, 2017, 10:00-16:30 hrs
Crowne Plaza, Bund Garden Road, Next to Jehangir Hospital, Pune 411001

Organised by
The Energy and Resources Institute (TERI)
Institute for Global Environmental Strategies (IGES)
Maharashtra Energy Development Agency (MEDA)

Supported by
Ministry of the Environment, Government of Japan (MaEJ)

Objectives:

* To generate awareness about Japanese energy efficient technologies amongst Indian industries
* To provide training to energy managers & energy auditors

* To explore possibilities of strengthening Indo-Japan cooperation through JITMAP

Agenda

Session 1: Inaugural Session
10:30-11:00 hrs  Welcome Address
Mr Girish Sethi, Senior Director, The Energy and Resources institute (TERI)
Mr Nitin Gadre, IAS, Director General, Maharashtra Energy Development Agency
(MEDA)

Presentation on IGES-TERI's efforts to promote LCT deployment in India with
special emphasis on Initiating Japan-India technology matchmaking platform
{JITMAP)

Dr Rabhi Abdessalem, Senior Policy Researcher & Task Manager, Institute for
Global Environmental Strategies (IGES), Japan

Session 2: Technical Session 1 ~ Energy efficient technologies

11:15-13:15 hrs Training on ‘Optimisation of compressed air systems & motors - Japanese
experlence’ (Lecture)
Mr Tsukasa SAITO, Compressed Air System Expert, formerly with Hitachi Industrial
Equipment System Co. Ltd, Japan

1 '-ﬁ :ma:;;' PRSI

14:15-15:15hrs  Training on ‘Optimisation of compressed air systems & motors - Japanese
experience’ (Interactive session)
Moderated by: Mr Chetankumar Sangole, Fellow, TERI

Mr Tsukasa SAITO, Compressed Air System Expert, formerly with Hitachi Industrial
Equipment System Co. Ltd, Japan
15:30 - 16:30 hrs Discussion on how to promote LCT deployment in India through Japan-india
technology matchmaking platform
Mr Girish Sethi, Senior Director, TERI &
Mr Hemant Patil, Manager, (Environment & Energy Efficiency) MEDA

Concluding remarks
Dr Rabhi Abdessalem, IGES







Annexure 2: IGES-TERI efforts to promote the
application of Japanese low carbon technologies in
India with special emphasis on JITMAP

IGES-TERI efforts to promote the application of
Japanese low carbon technologies in India

Jan. 20", 2017

Abdessalem RABHI, PhD.
Senior Policy Researcher and Task Manager, IGES

IGES

institute for Global
Envieenimental Stiatages

About IGES: Outline iﬂS

* Name of the Institute
The Institute for Global Environmental Strategies (IGES)

* Establishment
March 31, 1998

* Location
>Headquarter: Hayama, Miura-gun, Kanagawa | s
>Tokyo Office: Chiyoda-ku, Tokyo

>Kitakyushu Office: Kitakyushu-city, Fukuoka
>Kansai Research Centre (KRC): Kobe, Hyogo ' -
>0verseas Offices/Desks: India, Indonesia, Thalland and Chma

11
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1. Project funded by JST and JICA (2010~2013)

Stakeholders

Under JST and JICA project, IGES and TERI (The Energy and Resource Institute in
India) had successfully engaged and matched various stakeholders to promote
Japanese low carbon technology application in India.

Soenoe and Technoiogy Ressarch Patnetshp ke
X

——

rm | Lispantternstonss Govemment Agraesmant \MM

Technotoay 'Cooperation t {MoEF)
Agency  ose0|  Agency  jn)

wwWw.iges.or jp IGES Institute for Global Environmental Strategies 3
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Activities: Capacity building and awareness raising (level1)

Onsite capacity building for workers during site visits

Activities: Capacity building and awareness raising (level2)

Various cluster workshops to introduce technology to business
entropreneurs and business associations

IGES ~TERI Joint Workshop IGES ~TERI Joint Workshop
(Dec. 2011, Rajkot (India) Jan. 2012, Chandigarh (India)
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Activities: Capacity building and awareness raising (Level3)

Training workshops to Indian experts (training of trainers)

Activities: Capacity building and awareness raising (Level4)

Interaction with policy makers through meetings, symposiums, etc.

-—

‘ IGES-TERIworkshop India-Japan Energy Forum
| (Feb.2012 New Delhi- India) ! {Sep.2013 New Delhi- India)

14 ”
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Summary of “On the Ground” intervention

Technology Number of Number of
Onsite Feasibility | Pilot Projects
Studies (FS) (PP)

Gas Heat Pump 11 2

Hard Technologies | Ejectric heat 13 2
pump
Compressed air

Best Practices (Soft | system 13 4

technologies) Induction 8 2
furnace
www.iges.os jp IGES Institute for Global Environmental Strategies 9

Results #1 : Demonstration of Electric Heat Pump (EHP)

%+ Benefits
= Reduction in fuel consumption of boiler and electricity consumption of chiller
* Energysavings: 30%-40%

= ~ - s S SN
—_— - : § s ST |
e —~— = e sy, - b D U

—

www.iges.cs jp IGES Institute for Global Environmental Strategies 10

15
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L ——
Results #2: Demonstration of Gas Heat Pump (GHP)

% Benefits
=  Switch from electricity to Natural Gas
*  Energysavings: 35%-45%

www.iges.os jp IGES Institute for Global Environmental Strategies 4|

Results #3: Demonstration of best practices on compressed air

* Benefits
= Reduction in air consumption, in air leakage, hence in energy consumption

£ .3 Reduce air leakage through instaling foot switch q-_.i feconsider pipe size snd design .85 Start the use of efficientairgun

Notes:
-Installation of inveter type air compressor at the sites could bring additional 10%-20% energy saving.

16 “
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2. FY.2014-2015:
Building up on previous achievement and
strengthening partnership

1
’%
L IEEEE—

Projects funded by MOEJ (FY2014~2015)
Stakeholders
IGES and TERI built upon the previous achievement and engaged and matched more
stakeholders while extending the focus to more technologies and to large industries

Ministry of Environment, Japan
(MOEJ)

e

Institute For Global Environmental | - h

Provision of sites f6

(e.g.: Hitachi IS, Mayekawa,
Yanmat; Shinte, TLV, Miura, atc.)

WWW.iQes.ofjp IGES Institute for Global Environmental Strategies 14

17 “
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Summary of selected technologies 2014 & 2015

Technology Number of onsite
feasibility studies
Gas Heat Pump 5
Once Through Boiler 5
Steam System Optimization 1
Compressed air system 10
Best Practices (Soft
technologies) Induction furnace 2
www.iges.or jp IGES institute for Global Environmental Strategies 15

Engaging stakeholders

Matching Businesses to Businesses (B2B)

Investigation & capacity building: GHP

Investigation & capacity bullding: EHP

Investigation & capacity building: CA
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Engaging stakeholders
Matching Businesses to Funding Agencies (B2F)

Mtg. with JICA {India Mtg. with Japan bank for International Cooperation (India)

www.iges.os jp IGES institute for Global Environmental Strategies 17

Engaging stakeholders
Matching Businesses to Policy Makers (B2P)

e.g. mtg. with Local and Central Boiler
Inspectors regarding boiler regulation

www.iges.oz jp IGES Institute for Global Environmentol Strategies 18

19
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Key findings

e Huge potential/Market for Japanese low carbon technologies deployment in
India however:
» High upfront cost of Japanese technologies;
» Significant information/knowledge gap exists;
» Incomplete, fragmented, and uncoordinated efforts to tap opportunities;
» Communication related (language, concepts, etc.)

e More efforts and resource should be allocated to creating opportunities to
Japanese suppliers to interact with Indian end users (B2B), policy makers (B2P)
and funding institutions (B2F);

e It was concluded that there is a need to initiate a stakeholders' matching
platform to address all the above in practical and systematic manner.

www.iges.os jp IGES Institute for Global Environmental Strategies 19

3. Initiating a demonstrative matching platform
(FY2016)

www.iges.o.jp IGES institute for Global Environmental Strategies 20

20 “
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Matching Platform Concept
Bilateral Matching Matiorm

funding Agencies
(Banks, E5CUs, eic,}

supply and demand countries;

Note2: The matching is made through two forms:
7 On the ground matching: Through actual/direct interaction among stakeholders to conduct market assessments, feasibility studies,
project proposals, demonstration projects, technical assistance and capacity building, loan syndication, Training of Trainers, PR and
outreach, etc.

7 Online/Virtual matching: Through collection, mapping and online sharing of relevant knowledge/information {online databases on
technologies, policies, financing options, etc.), along with disseminating the findings/lessons learnt from the above on the ground
matching.

www.iges.os jp IGES Institute for Global Environmental Strategies 21

Key feature of the platform

1) Practical: unique forum where matching B2B, B2F and B2P can occur on the
ground as well as online.

2) Comprehensive: Information and knowledge sharing is about various aspects
(technologies data base, policy data base, financing data base, etc. not just about
one of them

3) Systematic: It addresses all the stages of Technology Transfer process, with special
focus given to follow up activities.

4) Ultimate goal is to materialize the opportunities rather than just identifying them

5) Develop the information rather than just collecting it

6) Itis not an alternative option to existing platforms, but rather a complementary
one to them.

www.nies.o:.|i -iii institute for Global Environmental snotﬁleu
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o
Key activities to be conducted under/by the platform

1) Assessment & identification of seeds and needs (Technologies, Financing,
Policies, etc.)

2) “On the ground” matching of seeds with needs (based on the findings from 1)):
>Onsite investigations & feasibility studies along with Training of Trainers.
>Development, sharing and discussion of project proposals, and if necessary
provision of loans syndications.
>Actual implementation of projects.
>Direct interaction of business with policy makers.

3) Upscaling and technology diffusion (based on findings from 2):
>Follow-up regarding the implemented projects to ensure their
continuous operation.
>|dentification and/or creation of opportunities at cluster/sector level.
>Explore replicability of implemented projects at cluster/sector level.
>Awareness creation and capacity building.

4) Online Knowledge & Information sharing (based on findings from 1) 2) and 3).

WWW.IQes.07.jp IGES Institute for Global Environmental Strategies 23

Sample of the online knowledge & information sharing
directory/portal

[ISMAP .

HOME page - architecture [ | seancn

| AboutJISMAP =
) 3

Technologies Options | Policies Opt) FinancingOptions | CaseStudies | Usefullinks | Cootactus
)i S, : ' 2

c
vt

1 e

<& )

* Seccesshlly . MOYy
mplemente2 i o
propecss .

. Am >>Duvelop table and Aok to Jase

v Hitoes ‘Warld's technology datahae v Steustiog
Meebes *  Boctre heat pomp podcies from

— *  Gas beat pang Japan side

= o Oncetrough doler o Susutiog

*  Siam control ang maragement sysoem polcies from

*  Hgh eficiency B comprensor ndan e

i}

HH

OPPOrTuniies for

Japane s

Qrganaations

5
|
i

i
i

Eash techaolagy (EET) pves accmas to &
urigue page with the fofowing:
. o asimple, briel write-up explaining the
Oppartunities for EET and its appication
Indian industris o Names of Jipanase companias that
supply the EET aad thar hove arecdy
parmicpoted i the GES.TER) prgect
(eg Mayekawa for heat pumps,
Mitachi for CA system), The names
are hypecfinked to the companies’
webuzes « lnda offices whete
present [OPTION: company
names can ‘pull dewn'
svtseatically when hevering

i """"‘:‘ The Japan—India Stakcholders' Matchmaking Phatform, JISMAP, promotes mutually beneficial

= Potography engagements berween Japanese manufacturers of energy efficient technologics (EETs) and Indian

industeies looking for such EETs

22 “
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s
Progress and way forwards on Japan-india-

Stakeholders Matching Platform (JITMAP)

1) MOU has been signed between IGES and TERI on July 13®
2016, and JITMAP has been launched as a trial basis;

2) During a business trip conducted
on Aug. 21* - Aug.27" IGES and

TERI, along with Land Sky, s Mg Pattons Indian Stakehoiders
successfully matched Hitachi Stakeholders Riloate sadioe '
experts to several stakeholdersas : Kiszan

shown in the fig. ‘
3) During a business trip conducted {%‘3:3:,5,3
on Nov, 13-17, IGES-TERI and Hitachi IES

Compressed Air

MEDA successfully matched TLV P
experts to several stakeholders.

4) The online matching website is
expected to be launched within
January, 2016

www.iges.os jp IGES Institute for Global Environmental Strategies 25

Conclusion and way forwards
» There is no shortage of technologies, no shortage of funding, no shortage of
efforts, but there is lack of coordination/synergy among efforts to develop
projects;

» Key challenges to promote low carbon technologies in India include mainly:
1) High upfront cost;
2) Information/knowledge gap about the “needs” and “seeds”;
3) Communication related (not only language).

» Successfully matching Businesses-to-Businesses (B2B), Businesses-to-
Funding agencies (B2F), and Businesses-to-Policy makers (B2P) could create
synergy among efforts, fill part of the information/knowledge gap,
alleviates part of overall business cost (through reduction of transaction
cost, information cost, PR cost, etc.)

» To successfully match stakeholders, JITMAP could be considered as a good
option. To this end, JITMAP should include adequate stakeholders along
IGES and TERI.

www.iges.o.jp IGES institute for Global Environmental Strategies 26
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Annexure 3: Optimization of compressed air systems
— Japanese experience

Training on ‘low carbon technology of a
compressor system’ by TERI & IGES

(For energy auditors and energy mangers)

Under the Project of “Technology Assessment and Match-making in
India”

Training by Mr Tsukasa Saito
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Contents

| » Overview of compressed air system

» Energy consumption & cost effectiveness
» Check points

» Energy saving measures — operational

» Energy Saving measures - technological
» Selection criteria

» Select Case Studies

» Energy efficient motors

Overview of compressed air system

Advantages: Hydraulic Power

+ Easytouse (Powerful) .
+ Clean ElectricPower
* Air can be returned to atmosphere (Accurate) = p

*  Quick movement
» Light & small actuator
+  Safeif leak (no spark)

+ Volumetric P1Vi _ pav2

+  Boil - Charles’s Principle 1 T2
{* P: Pressure, V: Volume, T: Temperature)
When volume decreases, pressure goes up.

Pistﬂ Screw

Applications
o Industry. Pelroleum refining, petrochermical, steel, mining, automobile, electronics, food processing, pharma, ete

Scroll

o Commercial and transport: Wastewater treatment, cleaning, pneumatic tools, air brake system, elevators, etc.
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What is Energy consumption of air

compressor?

Fressure

loss ‘ontrol loss

Air leakage \ber of

-~ loss ___aning machine

anit
A-.,(

Quantity

IGEGVAGED

Running
hours

‘ a year

Pressure

Study Compressor Facilities

Study actual condition & make improvement plan

Reduce

Operation management \
for Air Compressor System

How much do you pay for electricity?
How much electricity does your main facility
consume?

Simulation of improvement

Improvement Plan (Enp;my; mincprwn‘

27

- Measure for leaks
- Reuse waste heat

- Review the selection of
compressor:
Screw, Scroll, Reciprocating,

Turbo
- Appropriate capacity and model
- Reduce discharge pressure
- Separate high/low pressure lines
- Ventilation & ambient temperature
- Review the pipe size & route
- Install receiver tank
- Install multi-unit controller

(Multi Roller EX)
- Best capacity control

feri
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Key points of energy saving for compressor equipment

Flow of improvement of pneumatic system

1. Reduce the consumption...Q
=Reduce unnecessary air consumption of
equipment to lower the compressor's load
factor.

=>Stop the compressor or minimum using,
>=Reduce air leakage.

Three major areas for energy saving of pneumatic system

2. Reduce operating pressure...P
>Review and reduce pressure required for
the eguipment.

=Divide compressors based on required
pressure.

>Reduce pressure loss.

Energy consumption & cost effectiveness

3. Optimize the compressorsyste
>Utilize inverter compressors
>Optimize operating pressure
>Select an appropriate model
>Appropriate maintenance

MGGt ¥ comprassor LG I8 Note: LCC = Life Cycle Cost
used for power consumption. <Example>

- Qilflooded 75kW class

Maintenance cost: 12% (Rs. rotary
~ 95 L) full maintenance, Overhaul screw (standard type)
L M 3times, - 6000h/y operation
i - \\6000hs service 17times. 7.0Rp/KWh
g - - 60% Load example
bt Initial cost: 9%(maximum) - Total cost: 20 yrs average

(Rs. 70 L) (compressor, air-dryer, filters,
L) air-tank,installation/starting, piping, etc.)

Specific Energy Consumption '

How much for 1 mi of compressed air? --- Example of quick calculation (60%load)

TSN

Yo b
H How much cost ) Input Power o Electricity cost
Cforyourcompany?  Energy cost __ 84 (KWh)x0.88 X 7.0(Rp/kWh)
(__ 12RpM3? }&) (1,09Rp/ m) FAD132 x 06 x 60
e (rdf/min) (min)
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Contents

» Overview of compressed air system

[\ » Energx consumption & cost effectiveness \
» Check points
» Energy saving measures — operational
» Energy Saving measures - technological
» Selection criteria
» Select Case Studies

» Energy efficient motors

Energy consumption contribution

| Water supply!
3 drainage facilitiey

B
e

[Air compressor]

05-25 %

Industrial energy consumption accounts for approximately 40% of the total
energy consumption in India.

- Air compressors energy consumption share is approximately 5% to 25% in
almost every industry

- Therefore energy saving for compressors needs to be addressed urgently.
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Contents

» Overview of compressed air system

» Energy consumption & cost effectiveness

» Check points 7

» Energy saving measures — operational

» Energy Saving measures - technological
» Selection criteria

» Select Case Studies

» Energy efficient motors

Check points in compressed air system

[ Chock operation Chack operation )[ inverter comp.
( Power i s ] Check receiver Pgant A
monitori } 2 stg. comp. sizing | = ¥
| g Introduction | L7— A

e

Power ,'f:heckopoming /

facility / 1’ _ pressure J

v—n-; i{y ! omp. ?rooi'n ;
[ i Dt

\ i

| S "

l -I @ 3 : ompressor relocation
o o . eck press. loss.

L.,-—q ".—Q\___E_, = gheckleak R

= Check 4 —=
jw air it
= gmuE

L !

( C:l::";: (Mulﬂple unft] / Check system
_controller PrESS 0SS
Ctieck piping Dp, @k
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Contents

» Overview of compressed air system
» Energy consumption & cost effectiveness

» Check points

| » Energy saving measures — operational |

» Energy Saving measures - technological
» Selection criteria
» Select Case Studies

» Energy efficient motors

Energy savings measures - operational

* Leakages (savings 10 to 40 %)
» Pipe sizing & design (savings 7 to 20 %)
» Type and overall condition (savings 7 to |5 %)

» Pressure settings for reciprocating, screw type
(savings 8 to 16 %)
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Leakage Checking Method

* Leakage check is performed at night or on holidays when the
plant is notin operation.

+ Once the compressor is operated and raised up to
predetermined pressure, stop the compressor and measure the
time required for pressure reduction of 1bar from the
predetermined pressure.

«  Since all of this leads to waste of energy, quick actions are vital.

+ Itis possible to caiculate the amount of leakage from the above
investigation, then leakage locations need to be identified in the
next step.

+  Keeping thatin mind, take measures from the most leakage
prone areas.

* Leakage cannot be completely stopped with one-time measures.

+ Continuous monitoring is required.

Places where air leakage is likely to occur

Valve ] Blow Regulator Plpllé coupling

Air leakage occurring as shown covers as much as 20% of the total average plants.

The amount of leakage can be calculated by the formula in the next slide, after confirming, the same
leakage areas can be identified and effective leakage reduction can be achieved.

Target reduction is haif of the total ratio.

How to Check Air Leakage?

Recommendation:
determine total leakage and reduce it by Leakage Checking Method

Pneumatic tool _
10%

Alr leakage

17-20%

1. Operate compressor at night, or on a heliday, and shut it
down when achieving a predetermined pressure value.

2. When the compressor is shut down, due to the leakage, the
pressure will automatically decrease. The amount of
leakage can be known by measuring the time (t) taken to
decrease the pressure by 0.1MPa.

The formula to determine the leakage (C) is given below;

(P1 - P2 xV
Cs
Po x t
With:
C=Volume of leakage (M3/min)
» P1= Predetermined pressure (MPa) (gauge pressure + 0.101MPa)
Leakage P2= Pressure after leakage (MPa) (gauge pressure + 0.101MPa)

t=Time taken to reduce pressure from P1 to P2 (min)
Po= Atmospheric air pressure(MPa)
V= Piping capacity (Mm3) (In case of your company; ? m3)
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Effective Usage of Air

Mainly, usage of air is divided into; (D Air blow, @ Machine driving

| Air blow

€ Consuming most air in a factory [No.1]
A continuous air sound used in a factory increases the amou
air consumption considerably if having much air blow work a
continuous use.
As for blow gun, a nozzle-type gun saves energy.

{Checking point ]
(D Diameter of air blow outlet... (consumption is "large”, if the size is large)
@ Pressure of outlet (supply pressure) ... (consumption is “large"”, if the pressure is high)

. @ Time and frequency

@ For machine driving (Actuator)
@ The air used for “actuator (air cylinder)" driving isn't so large, but guarante“

minimum pressure is required since it is needed to provide the power.

| Note: Are [Supply pressure] and supply amount appropriate? |

The air supply amount can be reduced by 30 % when installing air /\/
saving valve in the exhaust outlet of air cylinder.

Checking regulator's pressure gauge to confirm whether or not it can b
decompressed.

Also, the consumption can be reduced by combining with air saving v

Environment of Compressor

Fresh Cold Dry
(Never install at such places !)

i i it i ®Iin displacement compressor, even if @ Part of the moisture in the suction
.mﬁ:;g:: :‘::;h,;o,::::m the suction temperature changes, air air is condensed for draining and
perform efficiently. volume shown by suction status thenit is discharged. Hence at

- Harmful gases in surrounding area hardly changes. higher humidity, amount of
(corrosion, degradation, damage) (Screw, reciprocating compressor) compressed air of compressor
= Mm'mmdamm' olf W’mamwm outlet can be reduced.
P"‘“"‘"‘“ ‘same, vith the lower suction
""W"“ hargn!enn )¢ _proﬂdoda
- Near the sea (salt damage, corrosion) vely lesser amount of air suction.|

Suction 5°C(dense air)

- ot
| Ak
v — N ¥
i
£

% ‘_“" Compression  Cooling
Y Pl (0.69MPa) {30%C)

Co-pnssor suction Compressor discharge

{ 3 1Y ‘
.-.‘ - Suction 40°C (thin air)
TR Maximum loss of 3~5%p !
The performanceis affected %w l
dueto filter clogging.
5~10% effecton performance Specific gravity is approximately reducedby 11%

is perfectly natural. For low density air, qty is small.
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Notes for Duct Installation Work

Providea suction portlow on the wall on the opposite side of the discharge

port.

Be careful thatthe discharge portand suction portare placed on the safyeooth air flow
side.

|
l /o\ 0-§I
s

eroom momevenmzted atall.
1 '\. Temperature

increase trouble -

4 dueto shortcut —-””,.//

1

Appropriate cooling

el

Be sure to provide a separate discharge duct for each compressor. Do not share a discharge

duct for 2 or 3 compressors.

Air will not be discharged properly, leading to a failure,

The same rule applies when air is discharged through a duct using a blower or ventilator.

Even with forced exhaust, if ducts are combined into a single duct, balance will not be maintained.
Overflowing discharge air may be taken into the neighbor machine.

x

JCICIT
=

Alr is not takenin!  it's hot!

v

N

]“ ]-(x

Air is not discharged!

Overview of Measurement Diagnosis

- Diagnostic procedure -

- Detectthe current value of compressor usinga currentsensorand measure with a data

logger.

- Detectthe air pressure at the compressor outletusing a pressure sensor and measure

with a datalogger.

- Basically make the measurementfor 7 days (168 hrs)to assess daily variations.
- Analyze the data measured by the data logger.
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Air volume [m*/min]

Measurement Diagnosis Procedure

Current value and air pressure measurement

{1) Connectthe clamp
(to one of the 3 phases).

status.

(3) Press the [Recording Interval]
button and check the connection

(4) Check the pressure sensor mounting position (5) Press the [Recording Interval

(air receiver tank pressure gauge). button and check the connectiol
* A place where instant pressure fluctuation is small. status.

Be Careful about Deficiency in Compressor Performance. - An Incorrect Proposal
may Cause a Serious Trouble.

Supply 0 Total air volume
capabiuty

All-compressor full-load operati ‘
(There is no allowance.)

200 00 & 6 8 104 1600 18 00 .
- o - - - T|m°g ( égl’ / le . - - giae

7 Airpressurecondﬂon(MarA) |

i, mmw;,m» A 4 U A

\f/""'*'

A pressure Srop coowTed due b
ST SOMPrEsEion

24:0
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Care is Required for Measurement Diagnosis.

A measurement diagnosis was performed at the customer's required. As a result of
data analysis, it was judged that unload was occurring because the current was low.
A downsized model was proposed and immediately employed. However, pressure
drop occurred, inhibiting the plant operation.

Cause: Misunderstanding of pressure fluctuation and power data - the state where
air is lacking was misunderstood as unload. In reality, the pressure dropped due to
the lack of air, and that state was maintained.

Action taken: It was determined that the machine would be replaced with a one-size

larger model.
-

290 3 Current is the same.
270
- Max. current (max. load) | ...

5 2w

5

© 210
% 3 Load range control range
170 3 . =
150:....,..v,...... ......... ]

040 045 050 055 080 065 070

Pressure

Pressure Optimization by Piping System
Redesign

What is an efficient way to deal with local low pressure demand?
Do you have similar cases like this in your factory?

1. Un-stabilizedfactory air.
[Status] Pressure on far side from compressor unstable.
Pressure down when other systems are ON.
2. Due to budgetallowance, no uniformity on air system suchas devices, piping
(size, route, vaives).

-

.
What kind of improvement in this case?
’Many glove valves in ﬂﬂﬁ— )
many locations through = How do loop piping,
alr plping system. P 7
L £ [masas | 7/ size, bend and valves
too narrow. 7 affect proper pressure
Pressure lowered in far side in SVStem?
from the compressor.

§ Too much air blow
makes other devices hit
the lower pressure limit,
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Pressure Loss of Compressor Equipment

Any system causes a pressure loss.
Think of how to minimize the loss.
Recommended layout(reference example): Compressor-> Receiver-> Dryer -> Fiiter
Point: This reduces the pressure loss between the compressor and the
receiver. Bypass line
e
Bypass line : 9
—
' As .
m —l Air :itur Ml *Ml
1 Line filter)Micro Mist
i o - Y, BT e
@ Condensate Drain 'Co‘ndonun Drain
P1 Receiver Dryer
AP1 AP2 Filter ‘ Pipe /‘
A4P3 P4 P2
Total pressureloss=P1-P2= AP1+ 4aP2+ AP3+ 4P4

To achieve a higher rate of energy saving, select a pipe having a diameter one size
larger than the compressor’'s discharge pipe diameter. Also, select air dryers and

filters having a capacity one size larger.

Pressure Loss through a Pipe

- Po, Qo
POl @ V : Compressed air speed
A Factory
| Piping system P\* Alr pressure

o / equipment
Po Loss energy

g : AP: Pressure loss = Pi - Po

» | Effective AQ: Leakage loss = Qi - Qo

g | energy

o

Air volume Qo Qi

Flow rate in the pipe= Qi Compressor's discharge air volume x Ps/Pd

V (m/s) A Sectional area of discharge pipe X 60

The flow rate in the pipe is desirably 4 to § m/s. - Economic speed

The smaller the pipe size, the higher the flow rate, causing a larger loss in the pipe.
Accordingly an energy loss is generated, reducing the energy-saving effect.

* Example of 75-kW Air compressor(Japan Model)
(Discharge pressure: 0.69 MPa, discharge air volume: 13,2 M3/min), size of discharge air pipe: 50A

V=13.2x0.101/(0.101 + 0.69) = 0.05 = 0.05 + 3.14/4 = 60
= 14.31 m/sec (This is a very high speed.) The energy-saving effect is low.
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Pressure loss (MPa)

Let's Calculate an Appropriate Pipe Size.

(0.6MPa) (100m)

- / / e / gl i x10 *
0.25 — i 4 Rx dx 22
[ [ ==/
0.20 —50A 7 AP Pressure loss (MPa)
/ / / p friction coefficient
0.15 £ length of piping m
/ / / D diameter of pipe m
0.10 ~ v density of air Kkg/m3
/ / / o (0.1013MPa, 0°C)
0.05 V speed of the air m/s
; g The gravity 9.81m/s2
0.00 - T T

L]

012345678 910111213141516

Air volume (m%min)

Changing air velocity through internal

pipe * * + loop piping

1/2

. Necessary air velocity is about Smis

1/2

-

Load

Load

'

Load

Load

'

Load

Load

Connect

1 1

Pressure lossis two times higher of air
velocity in proportion

Pressure loss is minimized to one
quarter, only to make loop piping!

1g=_

How much improvementcan
be made with loop piping?

is imbalance among load.

Pressure loss become one quarter, only to make loop piping if there

38
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Pressure loss depends on valve types
and shapes

Bigloss=«--

Gate valve is 40~60 timesioss of
pressure compared with straight pipe

(9 :

ﬁ

. ! v \ ! b ! ) /, )
\—/ Pressure loss causedby

differenttypes of valve

Contents

» Overview of compressed air system
» Energy consumption & cost effectiveness
» Check points

» Energy saving measures — operational

|_\ » Energy Saving measures - technological ]

» Selection criteria
» Select Case Studies

» Energy efficient motors
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Energy saving measures -
technological

» Replacement of existing air compressor
with inverter type screw air compressor

» Introduction high pressure localization if

compressed air requirement is at different
pressures

Compressor Unloading Method
Optimization
— Inverter Drive

Conventional unloading method (modulation and/or purge) consumes
unnecessary power during unloading. Inverter drive can save powerl!!!

Power

e

nverter

If install Inverter _
Compressor... Al ety

Air supply

When you calculate the costfor several years, you can pay back the cost within 3 or 4 years.

(reducing power consumption=energy cost down=profit)

Not only reductionin energy but also protect the environment which reduces CQ,
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Inverter Type: ldeal Choice for Energy Saving

« Controls revolution of compressor according to the load

No waste of power & ideal capacity control
* Operation with minimum pressure fluctuation

Inverter type: Keeps the setting pressure

Conventional type: Fluctuates around the setting pressure (*Refer to the below chart)
+ Operation stops during unload

Avoids waste of electricity (Conventional type runs during unload and consumes

unnecessary electricity. )
> v (L
C —
PSS - )

1

V type vs Conventional type

Example: Discharge Pressure = 0.60MPa A

gy Sa 2100rpm 22kW
Conventional Type
A7 Stvm————— A D, |
§ 2900rp 30
§ 0.59 |- f/m /\/\/\/—L 7 ke m l_-_‘-'j%l ‘
a Setting i 36Q0rpm 37
Inverter Type
Time 37kW inverter compressor can be

operated with 11kw class energy
consumption

Example of Power Consumption Reduction
with Inverter Compressor

M Installation procedure
Energy-saving diagnosis of air compressor (Measurement of 37-kW conventional compressor x 1 unit)

Diagnosis resuit Improvement content

- Average load factor: 52% - 37-kW inverter compressor
- Power consumption: X 1 unit installed

23,600 kWh/month - 34% power reduction
M Investment and effect

- Investmentamount: 1.25 million INRfor a 37-kW invertercompressor
- Energy-saving effect: 0.55 million INR/ year

Difference

8

Currentpower consumption

Iy

M Spillover effects
- Investmentin protection of global
environmentthrough CO, reduction (-34%)
- Investmentin longer overhaul cycle (8 years)
because of improved component durability,

Poweer Ew"mmpllon
2

Time ( 2r / div)

leading to reduced maintenance cost(-30%)

4 “



TOT Workshop Proceedings — Training of trainers workshop on dissemination of Japanese low carbon technologies in India

Present state analysis of 75kW
compressor

1

g

150

AfrAnAnnraRn AR AR AR AR AR AR ARRAARACRARAARAATARRAR AT
{ { H { ..2| ;;: ML L {
| |

T T ey \;-\‘\.':.ﬁ\h\\'.*,':iV‘\N\ﬁn\ RV OVRLURLY

. 57.16
6min
H-H 4

AL R BRRE Power Factor Total Avg

From the above analysis
Load =0.55

(Air quantity load factor)
Unload =0.45

nnnnnnnnnnn

Large installation effect of inverter compressor can be estimated because of ON -~ OFF control.

Energy-saving effect of change to inverter type

Characteristics diagram of foreign manufacture [A]

= Minimum power load factor 67% (Fix speed type)
Characteristics diagram of Japanese manufacture [B]

= Minimum power load factor 10 ~ 20% (VSD integrated
type)

Load power gs5.38kw

100%
EECOEEEE

B e e e e 1: Power load factor of fix speed is
; gl 67%
A ; ’ It is not energy saving.
; , 2: Average air amount load factor is
-~ 55%
____________________________________ N e A B S i e (Only load time is measured)
59% fix speed type /’;’ Power load factor at this time is 85%

W ¢ Comparison at air 3: Air amount load factor of inverter-
Ve ! amount load factor type compressor is $5%

= ! at55% Power load factor at this time is 59%
/"\ 4: 85.38 x (0.85 - 0.59) = 22.2kW
> :

Estimation of energy-saving potential

Energy - saving rate =85 - 59 =26%
5 ; 5: If annual operating hours is setto
_~~~ BiCharacteristics of 8,000h, energy saving of
& Inverter type : 22.2KW x 8,000h = 177,600kWh
’ ’
10% (177,600kWhx7Rp/KWh=1,243,200Rp)
can be expected. Approx. 174Ton of

i : power characteristics diagram inverter type)the
Figure ; po h er 4 (vs ter type) reduction effectin CO2 conversion is
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What to know?

* Example of press. fluctuation a day

ay ANCH 1T CKI2 BCKT

0.65

Outlet press. At
compressor room

Air Pressure

0.60 /

MWMWV\,W~‘W!'W‘ meumﬂm\«‘*ﬁ

| cility Air Facility Air

E i press. B
o press. A ' { - 1 ]
00814 G0k 4 ME!IA 04/0E004 040614 N4 /064 0a/08/14 0s/06/04 [ 0484 04/06 /14 406015
00000 00000 020000 A0 MO0 100000 1240000 140000 150000 180000 00000 20000 000000

37

Example of Ending Up with Increased Energy Consumpti

consumption increased.

One of 2 old machines was replaced with the latest model.

Because the latest model machine has a higher discharge air volume, it
was operated as a base machine.
As a result, energy consumption increased approximately 10%.

Cause: The older machine was operated with capacity control. Because
naturally it did not have good control characteristics, power

Action taken: Make the latest model machine dedicated for capacity
control. As a result, approximately 20% energy saving was achieved.

@ - _

Existing machines

There was a need of energy saving.

43

Replacement machines

The highly-efficient
inverter was operated as
a base machine.
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Concrete Proposal Example

Proposal 1: Use of large Proposal 2: Use of 2

two-stage compressor inverters + Alternate
OSP-160S5WT operation panel
OSP-75VW x 2 units
casel casel
Energy saving 28% Energy saving 46%

(e

&

150kW RECIPRO

Proposal 3: Multiple unit
control + Use of inverter
OSP-55SA x 2 + 55VA

case3
Energy saving 20%

Concrete Example of Failure

= Example of 2 Manufacturing Company

What was the cause of failure? Identify the cause.
- Learn from the failure to do it better the next time.

Power consumption (kW)

200kWSCREW (35.0 M*/min)

230
220

g

“ A
“ = @
o o o

L,g.,,. =

Eoew ¥y

, Dividing, use of
inverters,
replacing

: = i

I
s 5 il 0520 §
A ] =—ose-oov | E
i INV effect | H

Ended up with
increased energy
consumption

Why?

Incorrect understanding
of power characteristics
Separate control

100kWINVERTER SCREW
X 2 units (36.2 M3/min)

W20 % & M 6 0 8 90 0
Load factor (%)

44
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Efficient Usage- - Example of Local High Pressurizing

0.85MPa—0.5MPa
Pressure: Compressor supply pressure
Lowin general 0.50MPa
High only where necessary

Air for general use
0.45MPa

.45MPa

]

Not all air used at factory is running

‘with the same pressure.

Majorenergy saving canbeexpected
by Introducingiow pressurizingfor
the jow-pressure equipmentandhigh
pressunzing for

the high-pressure equipment
Forlocal high-pressutizing, use of
the boostingvalve and the iooster
compressoris recommended.

(It is 2xcallentin terms of energy
since use of the booster compressor
canobtainthe same effectas the

__________________ multi-stage compressor)
a . L T
i b 0.45MPa
: IR i3 % — o.10mPa
L i— 0.85MPa
Booster - ™., > L <3 ~— 0.60MPa
COmPressor’. "*tesea’g 7.1 opiPa

7.5KW + 0.9x0.5=4.2kW

L e

Contents

Operation pressure of high pressure use sectionis 0.85MPa now using 37kW 3 compressors.

Energyreduction of nearly 15% can be achieved if this operation pressure can be lowered up to
0.50MPa. In short, reductionof 37kW < 0.9 x 2.5 units x 0.15 =
Also, the load factor of the power for booster is set at 50% by using boosterat 7.5kW,

15.4KW can be achieved.

Therefore, energy savingof 15.4 - 4.2 = 11.2kW can be achieved.
Annual energy savings is 11.2kW x 8000h = 89,600kWh (Rs. 627,200)

» Overview of compressed air system

» Energy consumption & cost effectiveness

» Check points

» Energy saving measures — operational

» Energy Saving measures - technological

» Selection criteria

» Select Case Studies

» Energy efficient motors
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Selection criteria

7
S

~__ Type of compressor Capacity (m3/h) Pressure (bar)
b | From To From To
Roots blower single stage 100 30,000 0.1 1.0
Reciprocating
- Single/two stage 100 12,000 0.8 12.0
- Multi stage 100 12,000 12.0 700.0
Screw
- Single stage 100 2,400 0.8 13.0
- Two stage 100 2,200 0.8 24.0
Centrifugal 600 300,000 0.1 450.0

Source: : Compressed air system, Bureau of Energy Efficiency, India

How to select air compressor

NS Erseof e Slightly difficult Difficule
implementation (Soft technology) (Hard + Soft technology)  (Hard + Soft technology)

Items to be 1. Reduce air pressure 1. Restructure piping system |. Make clean air system oil-
implemented 2. Stop supply for not-in-use 2. Size upair-dryerandfilter free system

area 3. Size up receiver tank . 2. Provide drive multi units
3. Repair leakage 4, Use booster compressor  with multi-controller
4. Ventiiate compressor room 5. Divide pressure system
10 cool down 3. Use VFD(VSD)
5. Efficient air equipment blow compressor
gun.air cylinder, nozzle, 4. Restructure compressor
joint, valves system choose large size
or divide

5. Recover energy
» Compression Principle (Volumetric & Centrifugal)
*  Lubricant & Sealing (Oil-flooded & Oil-free)
+ No. of Compression Stages (Single Stage & 2 Stages)
» Cooling Methods (Air-cooled & Water-cooled)
* Number of units (Large size or divisible system)
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Oil free air compressor

High skills and materials are necessary to manufacture,
Sealing is important even in high-speed operations.
Maintenance cost is higher than oil-flooded type.
Efficiency is slightly less than oil-flooded type.

Price is higher than oil-flooded type; in fact nearly double.

but Non contact
Oil-free compressor can get very clean air (class zero certification) aperation
It can be used for high technology products and high quality use to develop industries
for

Electronics, semi-conductors, food, medical supplies, textiles, and others
Oil-free air can meet HACCP, FSSC22000 and GMP regulations.

-HACCP; Hazard Analysis Critical Control Point

- 1S0-22000 & FSSC22000; Foundation for Food Safety Certification

*GMP; Good Manufacturing Practice

Advanced technologies below are put into the compressors.
- Reciprocating compressor
= Screw compressor
= Scroll compressor
* Centrifugal compressor

Contents

» Overview of compressed air system

» Energy consumption & cost effectiveness
» Check points

» Energy saving measures — operational

» Energy Saving measures - technological

» Selection criteria

[ » Select Case Studies |

» Energy efficient motors
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-

Select case StUd)’: Replacement of existing air

compressors with inverter type (VFD) air compressor

Reciprocating compressors

Parameters Unit

RC-3 RC-11
Rated Capacity m3/min 13.75 13.75
Actual FAD m?/min 5.99 711
Actual air supplied by each unit m3/min 58 6.4
Motor rated capacity kw 90 90

| Average power consumption KWh

(demand test) 80.2 75.3
Specific power consumption
{based on FAD) kW/m3/min 139 11.7
Weighted average of SPC kW /m?/min

RC-12 RC-13 RC-14
2833 2833 2833
10.45 444 720

10.7 7.0 51
165 165 165
93.79 1256 73
88 180 143
12.8

Average specific power consumption of compressed air system was 12.8 kW

per cubic meter per minutes @ 5.5 bar against design of 6.5 kW/m?*/min

49% with a simple payback period of 18 months

Reason for poor efficiency: Age and poor maintenance (cooling system)

Installation of screw compressor with VFD shown the saving in energy up to

Select case stu d)’: use of inverter type (VFD)

air compressor in over capacity system

Particulars Unit Value
Total Installed Capacity m3/min 12.8
Actual Free Air Delivery (FAD) m3/min 127
Average load time of compressorin e 104
Business As Usual Scenario
Average un-load time of compressor in Business As Usual == 80
Scenario
Percentage loading of the compressor % 56.5
Actual Air supplied to the plant m?/min 7.2
Compressed Air Demand against the installed capacity % 59.1
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| » Energy efficient motors

IE cord regulation

IE (“International Energy-efficiency Class)

IES
IE4

| I3

IE2
IE1

Super premium

Super premium

Premium

High efficiency

Standard class

M IE3 regulation
In japan using high class motor productive JIS C4212, it is IE2 level motor until March 2015.
From April 2015 Up to 0.75~~375kW (less than 1000V) motor IE cord up one class to

JIS C4210

IEC60034-30-1 (Annex)
IEC60034-30-1

IECG(X%%-I(JSC

JIS C4212

HITACHI IE3 MOTOR

reduce CO;.
B2 =) —
2010 | 2011 | 2012 | 2013 |2014 |2015 (2016 (2017 | 2018 | 2019 |2020
JAPAN W
USA —- & >
| | | | a 4
CHINA [ ; T : : ,{#
EU ] 1
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State of Overseas Regulations and International Standards

. » Efficiency regulations for lone motors are promoted overseas.

.+ The efficiency standard IEC60034-30 was instituted in
October, 2008.

[E1:JISC 4210 equivalent, IE2: JIS C 4212 equivalent. IE3: started from April 2015

Efsciency (%) 96) Motor efficiency value (4 Poles, 200V, 50Hz, 1P4X)

100

70

42 5 TRy B A (5 1 fil)
Standard motor efficiency (Actual value)

so L Il
0.1 1 10 100

1000
FERR 0 (kW)
Rated output (kW)

IE5 motor is made by amorphous metal

2
‘ g IE3— HKIES is 20% higher
s / 3 than IE4 motor
® 1E2/ IE]
—power(k
Efficiency of IE class motor(Sm
z)
[ | Concapt o merphus
9 [ Gy e by
I 9 Q 9
: | \ 99
, b
Amorphous metal = = s Amorphous transformer

iron loss is 1/10 and the material by which loss has substantially compared with
the flat rolled magnetic steel sheets and strip used for a conventional motor for

amorphous metal.
For super energy saving series, amorphous metal is used as iron core for transformer,
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Thank you

Industrial Energy Efficiency Division
The Energy and Resources Institute

(TERI)
Darbarl Seth Block, IHC Complex,

Lodhi Road, New Delhi | 10003

Ph:+91 |1 24682100 or 2111

Fax:+91 || 24682144 or 2145

E-mail: chetankumar.sangole@teri.res.in
URL: http://www.teriin.org
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Tel: +81-78-262-6634
Fax:+81-78-262-6635

E-mail: abdessalem@iges.or.jp
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Annexure 4: Selected photographs of the event




