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This report is part of the deliverable for Milestone 3A. Conduct 2 workshops on 
international examples of Measurement and Verification (iM&V) protocols, of the 
ECO project. The report covers work done under this  milestone from September 2000 
through December 2000. 

The ECO project is being implemented by Bechtel National Inc (Nexant Inc) under a 
USAID contract, LAG-I-00-98-0000. This contract has been issued by the USAID 
Mission in New Delhi as a part of the IQC (Indefinite Quantity Contract) currently in 
place through USAID's Global Bureau. The project contract was signed on February 
29.2000, and continues through December 2003. 



Executive Summary 

Two one-day workshops were held in Mumbai and Delhi. The purpose of these 
workshops was to provide an overvie\\, of existing M&V protocols and how the 
IPMVP might be adapted and applied to conditions unique to the Indian energy 
services industry. 

Discussions at both workshops indicated that a more formal treatment of savings 
estimation was required to raise the industry status and promote industry go\vth. How 
such procedures were to be implemented was the topic of considerable discussion. 
Consensus opinion was that protocols adopted should be voluntary 'guidelines' and 
not regulated 'protocols'. This is essential to retaining flexibility so that the three 
interested parties in a project (ESCO, customer,' FI) could use the most cost-effective 
approach that satisfies all parties. Discussions also indicated that participants 
preferred application of Protocol to be energy conservation measure, M&V approach, 
and fuel neutral. 

The participants also realized that in order for the guidelines to be relevant, they need 
to be maintained and improved based on user feedback. This requires findine them a 
'home', an organizatio; that can be responsible for incorporating suggestions and 
revising them as needs are identified. Potential candidates included the Bureau of 
Energy Efficiency. 

The main recommendation emerging out of these workshops was that the draft 
protocols being developed incorporate the suggestions and concerns indicated above. 
In addition, the recommendation was that the draft protocol being developed should 
attempt to address situations presently unique to the Indian energy-services industry, 
could be in the nature of voluntary guidelines, should attempt to remain neutral with 
respect to fuel source, technology application, M&V approach (not favoring one 
method over another), and market sector. 



Main Workshop Report 

1.0 Introduction 

A one-day \vorkshop was held (at two different locations) within the context of the 
ECO project. The ECO project. in the main. aims to promote widespread 
commercialization of energy efficiency technologies and services in India by assisting 
stakeholders and institutions that are involved in developing, designing, constmcting. 
implementing and operating energy efficiency projects ("Markets" component of 
ECO project). and by assisting government agencies and institutions in creating a 
supportive market environment for the commercialization of energy efficiency 
("Policy" component of the ECO project). 

The workshop forms an integral part of the larger activity which is under the 
"Markets" component of the ECO project, and which aims to provide support to 
energy efficiency service industry. The specific purpose of these two workshops \\,as 
to provide an overview of existing M&V protocols and how the IPMVP might be 
adapted and applied to conditions unique to the Indian energy services industry. 

The workshop, entitled "Executive seminar on M&V protocol for energy efficiency 
projects: need and issues" was held as scheduled in Mumbai on 5 December and in 
New Delhi on 11 December 2000, under joint responsibility of Nexant, Schiller 
Associates and local subcontractors Intesco Asia Limited. Both sessions of the 
workshop, which had identical content, achieved or exceeded the minimum 
attendance levels and were very well received by participants. The workshop 
participant profile, structure, conclusions and recommendations, and feedback from 
participants are summarized below. 

2.0 Participant Profile 

The workshop held in Mumbai was attended by 31 participants, while the \vorkshop 
held in New Delhi had 30 participants. This met the target class size, which was 
intended to have a minimum of 15 at each location. While detailed list of participants 
is enclosed in Section C, summary profile has been provided in the Table below. 

These workshop sessions were intended to auract a broad range of participants, 
including representatives from ESCOs, consulting firms, financial institutes, end- 
users, private utilities, and government ministries. It was felt that these were the 
people and decision-makers that would be most receptive to the ideas being promoted 
here. By including end-users and financial institutes, it was felt that all parties could 
see the benefit of increased measurement & verification standards. 

Majority of the participants were either owners, CEOs or belonged to the top 
management team of their respective organizations. Others too were sufficiently 
experienced and belonged to the senior management level of their respective 
organizations. This participant profile helped in having lively and engaging 
discussions. 



Table Showing Participaizr profile 

i Category 1 Number of Participants : i Xumber of Participants : , 
1 1 Mumbai ' New Delhi 
! ESCOs i 9 2 
/ Energy Efficiency I 5 8 
; Consultants/Auditors I I 

Industry Associations 0 2 1 

Policy Makers 1 0 2 i 

I 0 2 Institutions/NGOs I 

4 I Financial Institutions 
End-Users 8 5 

Others 3 6 
Total 31 30 

Marketing of the workshop was by invitation. As mentioned earlier, the audience 
specifically targeted were: ESCOs, end-users, financial institutes, utilities, policy 
makers, and energy efficiency consultants. Invitee and attendance lists from previous 
ECO workshop and a Council of Energy Efficiency Companies (CEEC) database 
provided the initial contact point. Clients of major ESCOs, and firmslcompanies short 
listed under national energy conservation award scheme were also targeted to enhance 
end-user participation. In addition, individuals and firms from industry associations, 
academiclresearch institutions & NGOs, were also invited for the hvo workshop 
events. Nexant handled workshop marketing and logistical aspects. 

3.0 Workshop Structure & Report on the Two Workshop Sessions 

These one day workshop sessions in Mumbai and Delhi were scheduled to be 
conducted one day prior to three day training course on M&V protocols. The basic 
aim of these workshops and training sessions was to introduce the participants with 
the International Performance Measurement & Verification Protocols (IPMVP) and to 
provide initial training on established M&V approaches with a view to sensitize all 
interested parties into the benefits of more rigorous savings estimation in order to 
make energy-efficiency projects appear as attractive financial investments instead of 
construction-lending projects - 
Keeping in mind the proximity of the hvo events (workshop and training course), the 
workshop sessions were carefully structured to provide an overview of existing M&V 
protocols and how the IPMVP might be adapted and applied to conditions unique to 
the Indian energy services industry. 

Report on tlze Two IVorksl~ops 

The general presentation format offered in Mumbai was followed in New Delhi. Mr. 
Mark Stetz from Schiller Associates and Mr. R. Vasu and Mr. R. Kumar from Intesco 
Asia acted as the main resource persons. 

Following topics were discussed in the workshop: 



Experience of Indian ESCOs on problems faced in Measurement & Verification 
(M&V) of savings. 
Overview of performance contracting and related risks. basic M&V methods. and 
the IPMVP 
International Experience of M&V Protocols: Case studies from Industrial. 
Residential and Commercial Sectors. 
Open Discussion on applicability IPMVP and adaptation possibilities. 
Concluding remarks. 

The workshop(s) opened with a presentation by R. Vasu describing the problems 
Indian ESCOs face \\.hen estimating and reporting savings from energy-efficiency 
projects. l ~ e a ~ ~ ~ e m e n t  and verification of savin_gs is a nascent art in India, 
consequently, there is little emphasis on rigorously or accurately estimating project 
savings. This leads to uncertainty in the savings estimates and often reduces an 
energy-efficiency project to a designbuild project despite the intentions of the ESCO 
or consultant. Clearly, ESCOs, consultants, and end-users will all benefit From more 
formal M&V approaches and education. 

R. Vasu and Mark Stetz then oresented case studies from the commercial. industrial, 
and residential sectors showing how existing M&V procedures and protocols in India 
and the U.S. can be successfully applied to a range of projects. 

The workshop then shifted to a discussion of the International Performance 
Measurement & Verification Protocols (IPMVP) and how they might be applied to 
the India energy services industry. 

4.0 Conclusions and Recommendations 

From the presentations and comments offered during these two workshops, the 
following conc1usions and recommendations have been drawn. 

Need for an M&V protocol was felt important by all the participants. 
Many members expressed that the India-specific protocol needs to be voluntary 
and holistic, providing guidelines but not dictating approach. 
Application of the protocol needs to be fuel neutral. 
Protocol needs to be energy conservatiorrmeasure neutral. 
Protocol shall be M&V approach neutral. 

The Indian energy-services industry model differs significantly from the American 
model whereby ESCOs provide both energy-efficiency services and capital funding. 
The Indian model provides the energy-efficiency services and arranges project 
financing on the strength of the customer's balance sheet. This shifts the performance 
(and financial) onto the customer as it reduces the ESCO's or consultant's financial 
stake in the project. This reduces the attractiveness of projects with simple paybacks 
exceeding three years. Further, it reduces the incentive for financial institutions to 
finance energy-senlice projects because it may not consider them attractive 
investments. The purpose of introducing M&V protocols was to sensitize all 
interested parties and stakeholders into the benefits of more rigorous savings 



estimation in order to make energy-efficiency projects appear as attractive financial 
investments instead of constmction-lending projects. 

Discussions indicated that a more formal treatment of savings estimation was required 
to raise the industry status and promote ESCO-industry growth. How such procedures 
were to be implemented was the topic of considerable discussion. Consensus opinion 
was that protocols adopted should be voluntary 'guidelines' and not regulated 
'protocols'. This is essential to retaining flexibility in order that the three interested 
parties in a project (ESCO, customer, FI) could use the most cost-effective approach 
that satisfied all parties. It was also felt that the establishment of more formal M&V 
methods and standards might open the door for the development of third-party M&V 
companies. 

Most of the participants agreed that the IPMVF' provided a framework, but added that 
it lacked specifics as to how to implement the protocol in energy-efficiency projects. 
Additionally, those who reviewed the IPMVP felt that it placed too much emphasis on 
electrical savings to the detriment of fuel savings and that it lacked applicability to the 
Indian industrial sector. These concerns are being addressed in the draft protocols by 
outlining M&V approaches for typical projects in each sector. Many of the examples 
have been borrowed from the FEMP' guidelines. Direction will be provided to show 
how to apply different methods to common projects in the industrial and residential 
sector. This will require continuing development and feedback from ESCOs, 
consultants, and any third-party M&V firms that might develop. 

The participants also realized that in order for the guidelines to be relevant, they need 
to be maintained and improved based on user feedback. This requires finding them a 
'home', an organization that can be responsible for incorporating suggestions and 
revising them as needs are identified. Potential candidates included the Bureau of 
Energy Efficiency. 

1. The India specific M&V protocols should be developed, it should preferably 
be in two volumes, with the first volume providing the basic approaches and 
the second volume focusing on application of basic approaches to various 
energy efficiency measures in different end-uses and sectors. Emphasis should 
be examples from industrial. - 

2. India specific protocols being developed should incorporate the suggestions 
and concerns raised at the workshop events, e.g. India-specific protocol needs 
to be voluntary and holistic, providing guidelines but not dictating approach 

3. The India specific M&V protocol should attempt to address situations 
presently unique to the Indian energy-services industry, e,g. should bein the 
nature of voluntary guidelines, should attempt to remain neutral with respect 
to fuel source, technology application, M&V approach (not favoring one 
method over another), and market sector. 

I Federalgnergy Management Program, a U.S. Department of Energy publication describing M&V 
techniques to be used in federal-sector performance contracting. It is based on the IPMVP. 



5.0 Participant Feedback 

A combination of structured and open-ended questions was used to obtain feed back 
from workshop participants. While structured responses were sought on aspecrs such 
as, workshop content (relevance. coverage, structure), quality of resources 
personsifaculty. delivery methodology, venue. administrative arrangements. handout 
material and publicity and invitations: open ended responses were sought on reasons 
for attending the workshops~expectations from the workshops. extent to n.hich 
expectarions were fulfilled. and follow-up actions planned by the participant in the 
workshop focus area. A sample feedback form, along with summaries of the 
responses from each of the two workshops has been enclosed in Section D. The 
principal conclusions provided from these summaries include the following: 

Goals in atterrdirrg tire course. 

While good number of participants have indicated that the basic purpose for their 
participation in the workshop sessions was to understand M&V methodologies, their 
applicability and to know the issues involved, quite a few have indicated that their 
basic aim was to assess the importance and need for M&V. It was, ho\vever, 
interesting to find some of the participants indicating that they had attended the 
workshop sessions, basically to learn from and share with other participants the basic 
requirement of the M&V guidelines. This was perhaps an indication what large 
number of ESCO representatives present in the workshop sessions wanted from the 
workshops. 

Extent goals rnet by tlte course. 

Generally, the participants claimed that goals had been met. 

Actio~rs to be taken to follow-up tlte course. 

There was a wide variety of specific responses, some of the interesting ones have 
been produced below: 

Get the draR M&V protocol and then see how to use it in our own business; Get 
more information from the web sites discussed in the seminar; and check the 
possibility of involving 3rd party certification of M&V 
I would like to include the salient features in our energy audit program conducted 
in the textile mills all over the country - 
Be active on the core group to develop the guidelines 
Use the M&V protocoliinformation gained for more effective energy studylsaving 
study report 
Await M&V protocol document and then discuss with colleagues and implement. 
Very good tool for EE projects 



Pro, aram 

Executive Seminar on 
Measurement & Verification Protocol for Energy Efficiency 

Projects: Need and Issues 

Date: 5, December 2000 
Venue: Hotel President, Rlumbai. 

n 9 3 F  1 Registration ! 

I Inaugural Session 1 j 1 1000 - 1020 1 Welcome, Participant and Faculty / ?iexant, Ins. 
I 

i 
1 1 Introduction 1 1 
i 1020- 1045 1 Overview of the ECO Project and I Nexant. Inc. 1 

/ Workshop Introduction 
, 
I 

1045-1100 TEABREAK I 
1 100 - 1 145 Experience of Indlan ESCOs on MTESCO Asia : Mr. R. I 

problems faced in monitoring and Vasu & Mr. R. Kumar 
verification of sav~nes 

1 115 - 1300 International Exaeriencc of M&V Schiller Associates: :Mr. 
Protocols: Case Studies from Mark Stetz 
Industrial, Residential and 

! : Commercial Sectors 
1300 - 1400 LUNCH 
1400 - 1515 Open Discussion on Applicability and I INTESCO Asia : Mr. R. 

Adaptation Possibilities ! Vasu & Mr. R. Kumar ! 
1 and Schiller Associates: / 
/ Mr. Mark Stetz 

1515-1530  TEABREAK ! 
1530 - 1700 ' Concluding Remarks INTESCO Asia : Mr. R. / 

Vasu & Mr. R. Kumar ! 
and Schiller Associates: 
Mr. Mark Stetz 



Program 

Executive Seminar on 
Measurement & Verification Protocol for Energy Efficiency 

Projects: Need and Issues 

Date: 
4 

11. December 2000 
Venue: India Habitat Centre. Sew Delhi 

i 0930 1 Registration I 
i Inaueural Session I 

: 1000 - 1020 1 Welcome, Participant and Faculty / Nexant, lnc. 1 
: I ! Introduction 

1020- 1045 ! Overview of the ECO Pro!ect and I Nexant, Inc. 
i / Workshop Introduction 

1045 - I 100 i TEA BREAK 1 i 
1100 - 1 145 1 Experience of Indian ESCOs on 1 INTESCO Asia : Mr. R. ( 

1 problems faced in monitoring and ' Vasu 8: Mr. R. Kumar ~ 
verification of savings 

1145 - 1300 International Experience of M&V l Schiller Associates: Mr. 1 
I 1 Pmtocok: Case Studies from Mark Stetz I 

/ Industrial, Residential and 1 
/ Commercial Sectors i 

1300 - 1400 LUNCH 
1400 - 1515 1 Open Discussion on Applicability and : INTESCO .4sia : Mr. R. 

Adaptation Possibilities Vasu & Mr. R. Kurnar 
I and Schiller Associates: , 

Mr. Mark Stetz 
1515-1530 TEABREAK 
1530 - 1700 Concluding Remarks INTESCO Asia: Mr. R. 

Vasu & Mr. R. Kumar 
and Schilier Associates: 
Mr. Mark Stetz 



ECO PROJECT: MILESTYONE 3A 
Executive Seminar on M&V for Energy Efficiency Projects: Need and Issues 

5, December 2000: Mumbai 
LIST OF PARTICIPANTS 

S. No. NAME & DESIGNATION COMPANY'S NAME 

1. 1'. Muthukumaraswamy Thc South India Textile 
Asst. Director Researcl~ Association (SITRA) 
sitra@vsnl.com Coimbatorc 64 10 14 

2. V. Gopalan, CEO Savcncrgy Products 
gopalan755@l1otmail.com A 1, 504 I-lappy Valley Flomes 

I Tikiji-ni-wadi Road 

Marnpatla, Thane (West) 
Pin 400 607 

3. S.1~1. Joshi, Sr. Managcr USES Ltd. 
S u r c s l ~ l ~ j ~ p o w c r s ~ ~ r f c r . n c t  Supply Division 

Electricity Ilousc, Santa Cmz (East) 
Mumbai 400 055 

FAX . ~ E l J 3 W & " l t  

0422-574367 0422-57 1896 

4. R.K. Gupta DGM & Chief Regional Coordinator 6542487 6542470 
Pcrawr@Bom3.vsnl.in PCRA 

C/5, kcsllilva Bldg., Ground Floor, I3andra-Kurl;~ C:omplcx 
Dandra (East), Mumbai 400 051 



S. No. ~ NAME ~~. & DES!GNAT!OI\I COMPANY'S NAME 

5. M.V. Arianthakrishna M K Raju Consult;~nts I'rivatc 1,iriiitcd 
Executive Director 16, Srinagar Colony, Temple Avcnuc 
ananthakrislinafivsnl.com Chcnnai 600 01 5 

6. Ilajashckar P. Mandi, Cf'Rl 
Engineering Officer P.B. No. 3506, Srcekariyarn 
cprit@vsnl.com Thiruvananthapuram 695 017 

7. S.K. I'asalc, Dircctor Dcvki Energy Consultancy I'rivatc Lirnitcd 
Shcsliipasnlc~hotrnail.co~~i A-8, La Scrcna, Orlem, Malad West 

Munibai 400 064 

8. Anil Malholra, Vicc President lCICl Limited 
!!ialliotrafiicicj,km IClCI Towers, Bandra-Kurla Cornplcx 

Bandra (East), Murnbai 400 05 1 

9 G.R. Mahajan, Asst. VP lClCl Lirnitcd 
mahajan@icici.com lClCl Towers, Baridra-Kurla Coniplcx 

Bandra (East), Mumbai 400 05 1 

10. J.D. Dliumal Asst. VP lClCl Liiilitcd 
d l i u ~ i i a l i ( i i , , i c ~  lCICl Towcrs, Bandra-Kurla Complex 

Rnndra (East), Mumbai 400 051 

I I .  I'riyanka lloy IClCl Limitcd 
privanka@icici.com lClC1 Towers, Bandra-Kurla Cornplex 

Bandria (East), Mutnbai 400 05 1 



S. No. NAME & DESIGNATION COMPANY'S ~- NAME ~ 

12. Mahcsh Patankar Environtncnt & Dcvclopmcnt Consultants 
mahcsh@bom2.vsnl.net.in Dwaraka, Puslipadlianwa Society, Nahur Road 

Mulund (Wcst), Mumbai 400 080 

13. S.K. Vicharc l'licrn~ax EPS Limited 
Divisional Managcr SAI Chanibcrs, 15 Mumbai-Punc Road 
.svicharc@tlicrmaxindia.com Wakdcwadi, Pune 41 1 003 

14. V.K.A. Unni Thcrmax EPS Limited 
St. Managcr-Eng. SAI Chambers, 15 Munlbai-Punc Road 
vkaunni@.thcrmaxindia.co~n Wakdcwadi, Pune 41 1 003 

15. G.S. Varma AGNl Energy Scwiccs (P) Liniitcd 
President I-Ail, Kautilya, 6-3-652 Somajiguda 
:1~t1icsco~t~litl2.vs1~l.nct.i~ Ilydcrabad 500 082 

16. P.V. Subba Ilao, Chicf Engr. Supply Division, BSES Ltd 
pvsubraci@powcrsurfcr.net Electricity I-Iousc, Santa Cruz (E) 

Mumbni 400 055 

17. P.G. Satliayc Mercury Technology Serviccs 
pgsatliavc(ii,l)ol.nct.in A 404, Sarijivani, Shahaji Raje Marg 

Andhcri (E), Mumbai 400 069 

18. S.H. Kalnatll Mallcsl~wari Equipment 
3 16, 111 Floor, Datani l'radc Ccntrc 
Cll;~ndavarki~r Road, Uorivali (Wcst), Munlbai 400 092 



S. No. NAME &DESI_G_NAT!ON COMPANY'S N A M L  >:&!,!:!'!!ONE.L I;AX 

19. Shisliir Athalc Sudriya Indl. Services Private Lilnitctl 
Sudnya@ip.ctli.nct - 5, Iiaj Apartments, 28 Pushpak Marg 

Aundli, Punc 4 1 1007 

20. M. Chittawar Scctccli Solutions I'vt. Ltd. 
Managing Director h-00 I, Sanchayani I'rcstigc 

sccmil~~na~~i~r.tlot.nct.in Swavalambi Nagar, Nagpilr 440 022 

21 .R.G. Dcshniukh Consultant 

22. B.11.11. Nnyar PCIIA, Wcstcr~i rcgion 
Deputy Manager (Encrgy) C/5, Kcsliava Bltlg. Gr. I:loor 
I'crawrfi)bo1ii3.nct.in Bandra Kurla Complcx, Munibai 400 05 1 

23. 13. Sood IiPG Cables Ltd. 
St-. Manager -- Engi. 2"" Pokhran Rd. Thanc, P.13. No. I 1, Tlianc 400 601 
aciI.tlia~~L.@rmy.sprintrpg.ems.venl.net.in 

24. S.M. Vaidya IIPG Cables 
Asst. Manager (Maint.) 2'Id Pokhran lid. Thane, P.B. No. I 1, l'lianc 400 601 
acil.tlianc~~r~ny.sprint~g.c~ns.venl.nct.i~i 



NAME & DESIGNATION s. No. - ~ . . ~ . ~ ~  COM!?ANY'SNAME ~~~~ TE1,EI'I .~-~ IONI: / I  ~ ~ ~ ~ .. FAX 

26. Manoj Namhiar Saha Spragoc, Ltd. 
Sr. Eng. (Projects) N.805, Manipal Centre 
nipnianoj@yahoo.com Dickcnson Rd., Bangalorc 560 042 

27. M S Balasundaraj Dixit Encrgy Vcnturc Capital Limited 
Gcncral Manager (Rcsearch) 1" II;oor, 266 Dr. Anne Bcsant Road 
hdixit@sahaspraguc.com Worli, Munibai 400 025 

28. Manoj Saha Saha Spraguc Li~ilitcd 558 2346 5505463 
Dircctor N-805, North Rear Wing, 8"' Floor, Manip;~l ccntcr 
niasah@sahasprague.conl 47, Dickcnson Road, Bangalorc 560 042 

29. J.S Parajia A'TIKA, I'.O. Anhawadi Vistar 
Asst. Director Ahmcdahad 380 01 5 
i1tiri63adl .vsnl.net.i!! 

30. Ajay Kumar Dhiman Nuchcm Limited 
Advisor (Firiance) 54, Industrial Area, Faridabad 12 1 00 l 

3 1 .  liakcsh Kiicra Nucilc~n Limited 
Cicncral Managcr (Finance & Accounts) 54, Industrial Arca, Faridabad 121 001 



ECOPROJECT: MILESTONE 3A 
Executive Seminar on hI and V Protocols for Energy Efficiency Projects: 

3eed and Issues 
11 December. 2000: Sew Delhi 

LIST OF PARTICIP.4iYTS 

1. Dr. S. Renganarayanan. 
Director 
Institute for Energy Studies. Anna Universty. Chennai 600025 
Tel: 044-2300875: Fax: 044-2300121; Email: renga@annaunir.edu 

1. Mr. N.K. Goyal 
Essen Energy Tech Pvt Ltd, lndore 
Tel: 0731-553286; Fax: 0731-551721; Email: essenenergvEvsnl.com 

3 Mr. Pradeep Kumar Bhatnagar 
National Council for Cement and Buliding materials 
Ballabgarg, Haryana 
Tel: 91-5242051: Fax: 91-5242100 

4. Mr.T. K. Chaudhary 
Sr. Energy Officer 
RPG Enterprises, Calcuna; Tel: 033-22653 17 

5. Mr. P. Krishanan 
DGM, IFCL Ltd, Nehru Place, New Delhi 
Tel: 01 1-6487058; Fax: 01 1-623064; Email: p.krishnanG.hotmail.com 

6. Mr. S.S. Sharma 
General Manager 
Holtec Consulting Pvt Ltd, Sushant Lok,, Gurgoan-122001 
Tel: 91-1 1-6385095; Fax: 91-1 1-63851 16: Email: info@.hoitecnet.com 

7. Mr. R. R. Singh 
NDMC, New Delhi 
Tel: 01 1-3346545 - 

8. Mr. V. K. Arora 
General Manager 
NCB, New Delhi; Tel: 91-5242057 

9. Mr. S.S.R. Prasad 
ASCI 
Hyderabad; Tel: 040-33 10952 



10. Mr. Kamal Kumar 
Holtec Consulting Pvt Ltd. Sushant Lok. Gurgoan-122001 
Tel: 91-6385095: Fax: 9 1-63851 16 

11. Mr. L.K. Janakiraman 
Group Manager 
NCB. A-135. Defence Colony, Kew Delhi 
Tel: 0 129-524205 1 

12. Mr. H.C. Baweja 
Executive Engineer 
NDMC, Palika Kendra, New Delhi 
Tel: 01 1-336100613802,011-6883865 

13. Mr. S. K. Dutta 
Energy Consultant, M S .  Swapan K Dutta Pe 
12.B Amrita La1 Bose. Street 
Calcutta-700005 
Tel: 033-555031615550539 

14. Ms. Shoma Majmumdar 
Sr. Consultant 
Dalal Consultants & Engineers Ltd 
6, Bhagwan Dass Road, New Delhi-110001 
Tel: 01 1-3389386; Fax: 01 1-3387694 
Email: delmcd@ndf.\~snl.net.in 

15. Mr. Prem Shankar 
Engineer, Energy Management Cell 
PHDCCI, PHD House, New Delhi- 16 
Tel: 01 1- 6852418; Fax: 01 1-6863135 
Email- prem shan@.vahoo.com 

16. Mr. V. P. Singh 
Energy Audit Engineer, Energy Management Cell 
PHDCCI, PHD House, N-Delhi- 16 
Tel: 01 1-6852418; Email- vpsingh@bot.net.in 

17. Mr. R. P. Nagpal 
Delhi Vidyat Board 
Tel: 0 1 1-6470708 

18. Mr. K. R. Goyal 
National Export Organization 
Tel: 01 1-223 1212; Fax: 01 1-2482453 



19. Mr. D.N. Gupta 
NDMC 
Tel: 01 1-3732992 

20. Mr. R. C. R Nadarn 
Asia News (India) 
New Delhi 
Tel: 01 1-3929001 

2 1. Mr. Arun Kumar 
Superintendent, N.D.M.C., New Delhi 
Tel: 01 13362429 

22. Mr. R. K. Kaul 
Project Co-ordinator 
DSCL. New Delhi 
Tel: 011-3319061; Fax: 011-3319062 

23. Mr. Sarbinder Khanar 
Consultant, DSCL 
Tel: 001-3357804 ; Email-dsc~ower@,vsnl.corn 

24. Mr. Rajesh Jain 
Enhanced WAPP Systems (India) Pvt Ltd 
New Delhi 
Tel: 01 1-6123505168974831613~995; Fax: 01 1-613191 1 
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Participant Feedback 

A combination of structured and open-ended questions was used to obtain feed back from 
workshop participants. While structured responses were sought on aspects such as, 
workshop content (relevance, coverage, structure), quality of resources persondfaculty, 
delivery methodology, venue, administrative arrangements, handout material and 
publicity and invitations; open ended responses were sought on reasons for anending the 
workshops/expectations from the workshops, extent to which expectations were fulfilled, 
and follow-up actions planned by the participant in the workshop focus area. A sample 
feedback form, along with summaries of the responses from each of the two workshops 
has been enclosed. 

Structured Responses: 

Following table shows participant feedback on Mumbai and New Delhi workshops to the 
question "What comments would you like to make about each of the following aspects of - .  

the event?" The figures indicatedin the table show percentage of respondents saying 
'poor' or 'satisfactory' etc. 

Mumbai Workshop Results: 



New Delhi Workshop Results: 

Description I Percentage of  Participants Saying i 
I i I 1 I 

Responses to Open Ended Questions 

I l ~ o o r  ! ~ a t i s f a c t o r ~ / ~ v e r a g e  l ~ o o d  kxcellent 

Given below are sample responses to open-ended questions. 

Content (relevance, coverage) 

Content (Seminar Structure) 

Resource personflutor (Indian) 

Resource personflutor (US) 

Mumbai Workshop Responses: 

6%/ 

1 6% 

94%; 

94%/ 

Delivery, methodology 

Venue 

Administrative arrangements 

Handout Material 

Workshop PublicityIInvitation 

i 6% 59% I 35% 

6%/ 71%1 24% 

I 6%! 

1 I 
12%i 12% 

6 % ~  18% 

6%/ 6%/ 18% 

88%1 6% 

6% 35% 

65%1 12% 

71%1 6% 

65%/ 6% 



I 

i 
To What extent do you think these have1 

What were vour goals in attending the seminar? been met? 
To understand the issues related with EE projects; to ' 1 
understand ESCO concept better; and to understand issues / 

j 
To get an overview of M&V and to understand issues of 
M&V in light of specific cases Yes. thev have been met 
To know more about the subject of the seminar as we are 
in the EC area r e  seminar was useful 
T o  learn more about M&V protocol related to energy 
industry Goal met to a good extent 

I 
I 

To know about present trends in EC; and to assess the I economic feasibiliry of EC projects in our plants !Goals met to a satisfactory level 
To implement M&V protocol in textile industry 150% 
Having experienced the need for M&V as an energy 
auditor, I wished to know more about how this necessary 
approach is formalized and awareness is brought to users 
and ESCOs No response 
To learn about the M&V procedures for indusmal EE More or less, I was able to understand the i 
projects risks involved 
As in CPRI, we are planning take up implementation of EE 
in our power plants, and hence wanted to know about 
M&V 
To learn from and share with other participants the basic 

To understand M&V protocol and how it is being applied 
in USA Goals have been fairly met I 
To get ideas for standards and methods to measure 
quantified savings !No response 

What Action Do You Plan to Take to Follow-up This Event? 

As we have developed software for identification and quantification of energy 
savings, we would develop it further to take care of M&V function of ESCO 
companies 
Down load all web sites. Present to clients the M&V for their appreciation and 
implementation. and buy some s o b a r e  - 
Study the procedures and practices generally applicable to the industry 
Try to use these methods in our small EC projects, and to discuss with top 
management regarding feasibility study on this subject 
Interact with Nexant 
To study IPMVP in details 

- 

Get the draft M&V protocol and then see how to use it in our o\vn business; Get more 
information from the web sites discussed in the seminar; and check the possibility of 
involving 3rd party certification of M&V 
Help and develop ESCOs in our country 
JGet involved in helping to develop M&V protocol A 



/wha t  Action Do You Plan to Take to Follow-up This Event? 
I 

i 
/To interact as and when required with the team and keep the EC awareness in I 
/everybody as a routine 
Keep in touch with the project team at Nexant and keep up with further steps towards 
M&V protocol 
To discuss with top management about the feasibility of EC projects in our factory, 
and to try to implement the EC projects 
I would like to include the salient features in our energy audit Drogram conducted in -. . - 
lthe textile mills all over the counny 
,To keep in touch with the activity and conrrihute from my experience I 
!NO response 
/No response 
/Be active on the core eroup to develop the guidelines I 
l~~~ to convince our clients and pet the projects 

I 

New Dellti Workshop Responses 

What were your goals in attending the seminar? 
To assess the importance and need of M&V protocol 
To know latest know-how in M&V 

To collect information on the subject 
To have a feel of ECOESCO 
To understand IPMVP, to understand international experience on 
IPMVP, and to interact and share experience 
To understand the issues regarding M&V that ESCOs are facing 
in India and US 
To know about the views of other consulting organizations about 

To what extent do you think 
these have been met? 
These have been taken care of 
To some extent 
Satisfied with the contents of 
the presentations 
It has been eood 

No response 

To a great extent 



!TO increase awarenesshowledge about M&V protocols lbeneficiai 1 
ITo understand the various M&V models and practices /NO response 1 

What were vour goals in attending the seminar? 
!TO know about the applicability of M&V protocols for the 
Indian situations, especially for government depanments who 
have to deal with public accountability and vigilance angle. To 
know how to evaluate ESCOs. 
To understand how best to do M&V and resolve any dispute 
with ESCOs. How to know actual savings achieved after 
!implementation of ECM 
I 

What Action Do You Plan to Take to Follow-up This Event? 

To what extent do you think I 
these have been met? 

I 
i 

No response 
More clarification and details 
required for properly knowing 

I 
M&V I 

I 

Attendine seminar was 

!I shall try to discuss with my co-related and counterpans in different section to deliberatei 
I ifunher ; 

To redefine all the work done so far. In the lieht of the event. as a user I 
I h o ~ e  the ~rotocol will be useful in eliminating disputes in savings achieved, and to 1 - .  
knok E S C ~  operations bener. I am awaitine the protocol document 
[watch the developments and then decide on opportunities 

I 

IConmbute towards the development of PMV applicable in existing business 1 
Go through IPMVP sites for more informat~on 
I t  is observed that a senera1 feeline is to formulate a protocol su~ted for Indian situation 
pscuss  the need to include different areaslend-uses and measurement techniques I 
\Vould like to involve with commercial advantage 
To eo throueh the details of IPMVP and interact on the various issues of the same for - - 
application in Indian scenario with concerned organizations 
To apply and make client understand M&V protocol 
To keep in touch with concerned agencies 
Personal meetings to participate in ECO projects 
To be more familiar with ESCO activities from time to time, including NDMC agencies 
lin Indialabroad for seeins actual activities on ground 
l~here  should be some detailed training along with some practical demonstration in India 
and abroad 
Use the M&V protocollinformation gained for more effective energy study/saving study 
report 
Await M&V ~rotocol document and then discuss with colleagues and implement. Very 
kood tool for EE projects 

- 



Vijay 

From: vkaunni@THERMAXINDIA.COM 
Sent: Monday. December 18,2000 10:26 AM 
To: Ind~a-m-v-cg@egroups.com 
Cc: 
Subject: 

nexa~t@vsnl.com 
M 8 V TRAINING AT MUMBAI 

Dear Friends, 
It was an excellent training session that we had between the 5th and 8th of 
December at Mumbai.   he overall interaction of the group was excellent and 
encoura~ing free flow of information. We really got benefited with this 
training session and hope all the participants have the same feeling. 
We thank each one of you for the success of this program. We look forward 
to more frequent interaction between the group for mutual benefits. 
With warm regards 

V.K.Anand Unni 8 S.K.Vichare 
Thermax Energy Performance Services Limited 
Pune 



ECO Project: Workshops Feedback Form 

Executive Seminar on 
Aleasurement & Verification Protocol for Energy Efficiency Projects: Seed and 

Issues 

11, December, 2000 
India Habitat Centre. Nelv Delhi 

Dear Participant, 
We value your views on how you experienced this Seminar. Please take a few minutes to 
complete this form. 

1. What were your goals in attending the Seminar? To what extent do you think these 
goals have been met? 

2. What action do you plan to take to follow-up this event? 

What comments would you like to make about each of the following aspects of the 
event? (Please indicate your choice on the five point scale below): 

Content (relevance, coverage) 
Content (Seminarstructure) 
Resource persoflutor (Indian) 
Resource persoflutor (US) 
Delivery, methodology 
Venue 

Seminar Publicity/Invitation ! 

Satisfactory Poor Average I Good 1 Excellent 
I 1 

I 
1 

I 1 

Administrative arrangements 1 
Handout Material ! 

I I 
- I I 

1 



ECO Project: IVorkshop Feedback Form 

Executive Seminar on 
Measurement & Veritication Protocol for Energy Efficiency Projects: Seed and 

Issues 

5, December, 2000 
Hotel President, Mumbai 

Dear Participant, 
We value your views on how you experienced this Seminar. Please take a few minutes to 
complete this form. 

1. What were your goals in attending the Seminar? To what extent do you think these 
goals have been met? 

2. What action do you plan to take to follow-up this event? 

3. What comments would you like to make about each of the following aspects of the 
event? (Please indicate your choice on the five point scale below): 

Average Good 1 Excellent ' 

I 
I 1 

Content (relevance, coverage) 
Content (SeminarStructure) 
Resource person1Tutor (Indian) 

Poor Satisfactory 
t 

Resource person/Tutor (US) I 1 I 

Delivery, methodology I I I I 

Venue 
Administratwe arrangements 

I Handout Material 

I i I I 
1 1 1 

1 I 1 I 

1 Seminar Publicity/Invitation I : 1 I 



W o r k s h o ~  Plan: Outline 

Basic purpose of the workshops would be to sensitize ESCO personnel and energy auditors 
on M&V protocols in countries where EE programs have been successful. 

1.1 SESSION I :  EXPERIENCE OF INDIA E S C O s  w r r ~  M&V PROBLEMS 

(R. Vasu, Intesco) 
a) The energy performance contracting approach to enersy efficiency projects 
b) Measurement issues 
C) Fundins issues 
d) Need for a Standard1 Protocol 
e) Development of India specific M&\' protocol 

1 .2   SESSION^: INTERNATIONAL EXPERIENCE OF M&v PROTOCOLS 

(M. Stetz, Schiller Associates) 

a) M&V Overview- PC project risk and how M&V allocates risk among parties. 
b) International Performance Monitoring & Verification Protocol (IPMVP). 

1 .3  SESSION 3 :  CASE STUDIES FROM INDUSTRIAL C O M M E R C I A ~  & RESIDENTIAL SEOORS 

(M. Stetz, Schiller Associates) 

Case studies from commercial, industrial, & residential sectors showing how current IPMVP 
M&V protocols are applied and the benefits that accrue. 

Industrial Sector: Textile factory where VSDs were installed on ventilation fans to control 
internal humidity. Option B (continuous monitoring) was used to track performance. 

Commercial Sector: Large office building with comprehensive project. M&V approach was 
hybrid of Options C (Utility Bill Analysis) and Option D (computer simulation). Case study 
incorporates weather adjustment, baseline adjustment, and energy-efficiency standards. 

Residential Sector: Installation of ground-source heat pumps at military base housing as part 
of large performance contract. M&V approach was Option A (stipulation) after extensive 
performance monitoring. Case study shows how to monitor performance and stipulate usage 
to decrease M&V costs. 

1 .4  SESSION 4 :  OPEN DISCUSSION ON APPWCABIWTY AND A D O P ~ O N  P O S S I B I L ~ E S .  

(Moderator: R. Vasu, Intesco) 

1 .5  SESSION 5 :  CONCLUDING REMARKS 

( R Vasu, Intesco) 
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--_rei; - 
Experience of Indian ESCOs on 

problems faced 
in Monitoring & Verification 

of Savings 

INTESCO Asia Limited 
1 of 15 

.*: - 
Outline 

Energy Performance contracting approach 
to energy efficiency projects. 

Measurement issues 
Funding issues 

- 
Need for a Standard I Protocol 
Development of India specific M&V 
protocol 

2 of 15 
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Energy Performance contracting (PC) 

ESCOs - Energy Service Companies 

ESCOs provide performance 
contracting solutions 

3 of 15 
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Typical PC approach 

Rs 

Before During - After 

4of 15 

A 

Baseline 

Utility 

Bill 

. 

ESCO 
Papents  

Reduced 

Utility 

Bill 

Customer 
Savings 

Reduced 

Utility 

Bill 



I Common Issues 

Factors affecting energy saving 
performance 
Non-routine baseline adjustments due to 
- addition or deletion of machinery, loads etc. 
- set-point changes 

q@F?. -a 

Measurement Issues 

How long to measure? 
Cases Option A or B. 

Expensive Calibration. 
M&V costs how much is justifiable? 

No formal procedures to identify levels of 
M&V that minimizes M&V cost plus 
uncertainty. 

6of 15 
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M & V Issues 
(Industries) 

Base-line development. 
Projection of post retrofit conditions. 

This results in need to use statistical 
regression techniques and makes the M&V 
complex and leads to expensive M&V 
costs. 

7of 15 
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M & V Issues 
(Industries - continued) 

M&V becoming complex when Energy 
Conservation Measures (ECM) for a central 
utility equipment in a multi-product facility 
is envisaged. - 
Need for altering M&V procedures due to 
changes in top management 1 key personnel. 

8of 15 
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M &V Issues 
(Industries - continued) 

Expensive M&V costs towards calibration 
of meters, M&V efforts. 

Inability to appreciate benefits of M&V 
such as sustained savings- as it costs 
additional. 

90f 15 

q@e: - =  
M&V Issues 

(commercial) 

Difficulties in the definition of system 
boundary line. 

Absence of separate distribution & /or 
meters for lighting & other loads. 

10 of 15 
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M&V Issues 
(commercial contd.) 

Absence of standard M&V procedures 
leading to disagreement on establishing 
base line. 

Shift in baseline due to expansion/ 
modernization . 
Preferring whole billing analysis and a 
simple M&V procedure. 

M&V Issues 
(residential) 

Metering common area benefits and 
apportioning benefits in apartments. 

Baseline determination issues due to 
variations in occupants & usage pattern for 
domestic solar water heating, lighting etc. 



Funding issues 

M&V can be used as a tool for defining and 
controlling risks. 
A standard M&V protocol shaIl provide 
credence to financing ESCO projects 
giving greater confidence to financial 
institutions (as risks are mitigated). 

Need for M&V Protocol 

Tremendous ESCO opportunities. 
Concept new relatively & therefore long 
selling cycle. 
In the absence of stanaard M&V procedures 
and desire to shorten this cycle, ESCOs try 
to close deals with simple M&V. 



23e 'YIP 

Development of India specific 
M&V protocol 

IPMVP(Intemationa1 Performance 
measurement and verification Protocol) and 
FEMP(Federa1 Energy Management 
Program) have been reviewed for their 
suitability and applicability in Indian 
scenario to bring out India specific M&V 
protocol 

15 of 15 



Measurement & Verification 

An Overview 

Mark Stetz 
Schiller Associates 

Performance Contracting 
Financing 

M&V from Contracting Perspective . M&V to Mitigate ~ i s k  
Types of Risk 

How M&V Mitigates Risk and at What Cost 



Performance Contracting 

Provides energy and $ savings to customer 

Actual savings are uncertain 

ESCO paid from savings 

Savings are often guaranteed 

How do we enforce guarantees? 

OMIIb.2.=wz.IUD M.Yaamo -3 

PC Financing 

Before During . After 
O L h l l k * u r U n I U D  LUv- IP. 



What is M&V? 
Contracting Perspective 

Tool for defining and controlling risk 

Risk mitigation (risk = need to verzfy) 
- Value of project 

- Uncertainty about savings 
Risk allocation between the parties: 
-Who is responsible for performance? 
-Who is responsible for achieving long- 

.,,,,-, term savings? HbYo.rmclYOII 

M&V Mitigates Risk 

M&V serves as project insurance by 
demonstrating that savings are real. 

Buy what jou need, 
get what you pay for. 

OLh. l - -m Hbv- -0  



Types of Risk 

Uncertainty Risk (Measurement) 

Performance Risk (Equipment) 
Usage Risk (Hours, occupancy...) 
Financial (interest rates, energy costs ...) 

Uncertainty Risk 

Claimed savings are always estimates 
because savings cannot be measured. 

Uncertainty is introduced through: - 
- Measurement error 
- Sampling error 
- Random variations 

I - Simplifying assumptions 

I O-Ik.-.y.m These are factors inherent in M&V waol -. 



Uncertainty Risk 

Case I: Case 2: 

Savings. More Uncertainty Less Uncenainty 
kwh or $ 

Reduction in 
Uncertainty 

I Increasing M&V rigor and cost 6) --> 
H.Y--e O S & l ~ ~ D m )  I 

Performance Risk 

Performance of an ECM may change over 
time due to equipment degradation andlor 
poor O&M practices. Performance may also 
be compromised by poor design or 
implementation. 

These are factors that the ESCO normally 
controls. 



Performance Risks 

I Customer ESCO 

Equipment X 
Performance 
Maintenance x x 

Usage Risk 

Savings are dependent on both performance 
and usage. Usage can be defined as: 
- operating hours (lighting, equipment) 
- occupancy or schedules 
- heating load (& setpoint) 
- cooling load (& setpoint) 

These are factors that the customer controls 

O I O W D * Y D I I P m  M.*- 



Usage Risk 

Customer ESCO 

Operating Hours X 

Loads (occupancy, X 
production ... ) 
Weather 

Equipment Life x X 

User Participation X 
0Lhllk.uUnrcldm) MAY- 

Financial Risk 

Financial factors (such as interest rates and 
energy costs) affect cost and savings, but 
many are functions of market conditions. 
Typically, the effect of these unpredictable 
factors needs to be decided in advance. 

These are factors that the market controls. 



Financial Risk 

Customer ESCO 

Energy Prices 

Interest Rates 

M&V Costs X 

Construction Costs X 

O%l*rU91Yc12aa YIY-Yd.85 

Cost vs. Uncertainty 

0 = - s 
8 - 
3 
U 

oh>*.-m Increasing M&V rigor --> LUYDDm..Ih*16 

Cost-Effective 

Savings M&V Cost ($1 
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FEMP Measurement & Verification Resources 

Measurement & Verification 

Resources and Training Opportunities 
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FEMP Measurement & Verification Resources 

Measurement and Verification 

Resources and Training Opportunities 
Measurement and verification (M&V) of energy savings, generated through building systems 
retrofits and upgrades, requires special project planning as well as unique engineering 
practices. Although several common practices exist for M&V of energy savings, it is not an exact 
science. There are many resources available that can be used to learn more about the 
engineering techniques and tools used for verification of energy savings. This document lists 
some of those resources. It is not intended to be a comprehensive listing of resources, but 
rather indicative of the types of tools that are available. 

Table 1: Overview of M&V Tools 
Report Section I Includes I Purpose in M&V 
M&V 1 -3 FEMP 1 Provide M&V standards based on acce~ted. I 

*P Schiller Associates Page 3 

proven strategies. ! 

Provide M&V standards based on accepted, 
proven strategies, which may be simplified and 
specified for certain applications. i 

i 

Example applications of M&V strategies. 

Available tools that can be used to: model building 
and systems to estimate savings; track utility costs 
to verify savings; measure equipment operations; 
measure and recording of variable operating 
parameters; process recorded data. i 

1 
I 
i 

Other resources that could be utilized when 
preparing for and implementing the measurement 
and verification of energy savings. 

/ Guidelines ( IPMVP 
I 

I ASHRAE 14P i 
I Utility & State 
Program M&V 
Guidelines 

Case Studies 

Software & 
Hardware 
Tools 

Other 
Resources 

-3 California SPC 
Central Power & Light 
NYSERDA 
Texas Loan Star 
Program 
California SPC Program 
FEMP 
.:. Building energy 

simulation software 
System performance 
simulation software 
utility cost management 
software 
Software and hardware 
tools for data 
acquisition and 
management 
Commissioning 
guidelines 
Related papers 



FEMP Measurement & Verification Resources 

I M&V GUIDELINES 
Several guidelines have been published on measurement and verification energy savings. Each 
of the Guidelines listed in this section are unique, albeit similar, and are intended for use in 
different instances. All of these documents provide standard M&V methods that are proven and 
accepted strategies. 

1.1 FEMP M&V Guidelines Version 2.0 
The Federal Measurement and Verification (M&V) Guideline provides procedures and 
guidelines for quantifying the savings resulting from the installation of energy conservation 
measures. Intended for use in Energy Savings Performance Contracting (ESPC) and utility 
program projects, the guideline provides the methodology for establishing energy cost savings 
called for in the ESPC rule. These guidelines are available at 
www.eande.lbl.aov/CBS/femp/MVdoc.html. 

1.2 lnternational Performance Measurement and Verification 
Protocol 

The International Performance Measurement and Verification Protocol (IPMVP) is a document 
which discusses procedures that, when implemented, allow building owners, energy service 
companies, and financiers of buildings energy efficiency projects to quantify energy 
conservation measure (ECM) performance and energy savings. The IPMVP provides an 
overview of current best practice techniques available for verifying savings from both 
traditionally- and third-party-financed energy and water efficiency projects. These guidelines are 
available at www.ipmv~.ora/. 

1.3 ASHRAE PROPOSED GUIDELINE 14P 
The ASHRAE guideline is called Measurement of Energy and Demand Savings, Advanced 
Working Draft #I ,  December 13, 1999 O ASHRAE. The proposed requirements in this draft are 
subjectto change before final approval by ASHRAE. 
ASHRAE Guideline 14P was developed by ASHRAE to provide guidance on the minimum 
acceptable level of performance in the measurement of energy and demand savings for the 
purpose of a commercial transaction based on that measurement. 

. 

ASHRAE Guideline 14P deals only with the measurement of energy and demand savings. 
Other tasks are needed in any energy performance contract. Review copy is available at 
http://www.ashrae.ora/standards/avaiIdft.htm. 

'A* 
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FEMP Measurement & Verification Resources 

2 M&V GUIDELINES FROM CURRENT UTILITY & 
STATE PROGRAMS 

Manv electric and aas providers in the U.S. offer incentive oavments for verified energv savings. - .  
~ a c h  of these incentive programs has guidelines specifying their individual requirements for the 
measurement and verification of energy savings. This list of programs is not comprehensive, but 
includes programs that have M&V guidelines that are easily accessible. 

2.1 California Utility SPC Program 
This statewide energy-efficiency program is being offered by San Diego Gas & Electric, Pacific 
Gas and Electric Company and Southern California Edison (Utility Administrators) under the 
direction of the California Public Utilities Commission (CPUC). The Large Non-Residential 
Standard Performance Contract (LNSPC) Program is a performance-based program that offers 
incentive payments to Projects Sponsors who develop projects delivering verified energy 
savings at Host Customer facilities. This program offers fixed incentive prices to Project 
Sponsors for verified and documented energy savings achieved by the installation of specific, 
energy-efficiency measures. Energy savings will be measured and verified annually by the 
Project Sponsor over a two-year period following the approval and installation of the energy- 
efficiency equipment. Additional information about the individual utility programs can be found at 
www.pge.com/spc/large~nr/measurement.html, www.scespc.com/nonresidential.htm, and 
hno://www.sdae.corn/business/. 

2.2 Central Power and Linht 
Central Power and Light in Texas is planning to introduce a new program for commercial and 
industrial facilities. This program is called the Non-Residential Standard Performance Contract 
(SPC) Pilot Program. SPC Program Manual, including M&V Guidelines, can be found at 
www.csw.com/About CSW/default.htm. 

2.3 NYSERDA 
The New York State Energy Research and Development Authority offers the Energy $ m a p  
Standard Performance Contract (SPC) program. This program offers fixed-price incentives to 
energy service companies (ESCOs) that install cost-effective electric energy efficiency 
measures. Project-specific incentives will be calculated based on a per-kwh-of-annual-savings 
basis and paid out 40% upon installation and thebalance over a two-year measured 
performance period as specified in an SPC Agreement. The M&V Guidelines for this program, 
along with sample M&V plans can be found at www.nvserda.ord499oon.html. 

2.4 Texas Utilities 
Information on TXU Electric's Enerqv Efficiency Markets (TEEM) programs can be found at 
htto://www.txuefficiencv.com/. TXU-EI~C~~~C'S hbo energy efficiency piiot programs are: the 
Air-Conditioner Prooram and the Commercial and Industrial Retrofit Prooram, which includes 
measurement and verification requirements. 
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FEMP Measurement & Verification Resources 

2.5 Texas Loan Star Program 
This program, which includes measurement and verification of savings, is used for Texas State 

Agency energy projects. Overview of the Texas LoanSTAR Monitorina Program was published 
in the 7th Annual Symposium on Improving Building Systems in Hot and Humid Climates 1990, 
October 9-10, 1990, Fort Worth, Texas. The document and details about the program are 
available at www-esl.tamu.edu/loanstar/about LoanSTAR.html. 
Texas LoanSTAR Monitoring Workbook is intended to be a stand-alone survival guide to 
acquiring energy use and environmental data in buildings. It includes monitoring procedures and 
data analysis routines developed for the Texas LoanSTAR Droaram and is available for $38.00 

3 CASE STUDIES 
One of the best ways to understand measurement and verification of energy savings is to learn 
from examoles. Several sources of case studies and related materials are listed below. 

3.1 California SPC Program Case Studies 
Several example M&V Plans are included in Appendix D of the California Utility SPC Program 
M&V Guidelines. Included in this document are M&V Plan Template, VSD Installation M&V 
Plan, Constant Speed Chiller Replacement M&V Plan, Variable Speed Chiller Replacement 
M&V Plan, and Calibrated Simulation M&V Plan. It is available at 
www.~ae.com/s~c/larae nr/forms.html. 

3.2 FEMP Case Studies 
Demonstrations projects provide first-hand details on some of the latest federal projects at 
www.eren.doe.aov/fem~/~rodtech/successstories.html. 

- The Evaluation of a 4000-Home Geothermal Heat Pump Retrofit at 
Fort Polk, Louisiana 

Final Report, Report ORNUCON 460 (1998), by P.J. Hughes and 
J.A. Shonder, Chapter 7 "Measurement and Verification of Energy Savings' 
Additional information is available at 
hff~://www.eren.doe.aov/femo/financina/ahpresources.html#savinas. 
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4 TRAINING OPPORTUNITIES 
Several organizations offer classes on measurement and verification of energy savings. Some 
upcoming courses are listed below. 

4.1 AEE M&V Courses 
The Association of Energy Engineers offers a course on measurement and verification of 
energy savings. 

Management, Measurement 8 Verification For Performance 
Contracts 

November 30 - December 1,2000, Buena Vista Suites, Orlando, FL, (800) 537-7737 
With use of performance contracting to finance energy projects continuing to grow, it is 
important to be able to quantitatively assess results and project and measure payback. At this 
informative seminar, you will learn the skill and art of managing and monitoring a performance 
contract, to assure that you are getting the results you expect. You'll hear case studies 
illustrating how and why certain projects have "gone bad," and what steps you can take to avoid 
potential pitfalls. You'll also hear analysis of successful projects, and the factors contributing to 
their success. You'll leave the course with the tools you need to track your project along the way 
using M&V methods developed by leading experts with broad, hands-on experience in 
managing performance contracts. Regular Fee: $945, AEE Member Fee: $845', Government & 
Nonprofit Fee: $845. Additional information is available at www.aeecenter.ora/seminarsl. 

4.2 ASHRAE M&V Courses 
The American Society of Heating Refrigeration and Air-conditioning Engineers offers a course 
on measurement and verification of energy savings. 

Determining Energy Savings From Performance Contracting 
Projects - Measurement And Verification 

October 3,2000-San Jose, CA. This course provides an overview of measurement and 
verification (M&V) procedures and methods for determining savings from energy efficiency 
projects. Four brief case studies will be presented to illustrate concepts and issues associated 
with M&V: a lighting project (using both estimates and long-term metering), a VSD project (using 
long-term metering), a billing analysis and a calibrated simulation. Additional information is 
available at www.ashrae.ora/. 

- 

4.3 FEMP Courses 
The federal energy management Program offers courses related to various aspects of 
performance contracting. A complete listing of courses is available at 
htt~://www.eren.doe.aov/fem~/resources/trainina/fem~trainina.html. 
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Water Resource Management 
How to assess, evaluate, resolve, and incorporate water efficiency into Federal project- 
assessment, planning and implementation programs. Additional information is available at . - 
ww.eren.doe.oov/femo/res&rces/trainina/~~~~water.html. 

- Energy 2000 
August 21-23 Energy 2000 - Pittsburgh, PA 
FEMP Symposia regarding all aspects of performance contracting, including measurement and 
verification of energy savings. Additional information is available at 
ww.eren.doe.aov/fem~/resources/trainina/fem~trainino.html. 

5 TOOLS FOR DATA COLLECTION AND ANALYSIS: 
SOFTWARE 8 HARDWARE 

Several types of software and hardware related to energy analysis are available. Some software 
is available at no cost, while other programs can be purchased. This is not intended to be a 
comprehensive list of all programs that are available nor a recommendation for any particular 
tool, but rather an indicator of the types of existing tools. The software is categorized as either: 
Building Energy Simulation, System Performance Simulation, Utility Cost Management, or Data 
Acquisition and Management. Information on additional energy software tools can be found at 
www.eren.doe.oov/buiIdinos/tools directowl and eande.lbl.aov/CBS/eXroads/soft.html. 

5.1 Buildinn Enernv Simulation Software 

BLAST 
BLAST (Building Loads Analysis and System Thermodynamics) performs hourly simulations of 
buildings, air handling systems, and central plant equipment in order to provide mechanical, 
energy and architectural engineers with accurate estimates of a building's energy needs. The 
zone models are based on the fundamental heat balance method. are the i n d u s t ~  standard for ~~~ ~ 

heating and cooling load caiculations. BLAST output may be utilized in conjunction with the 
LCClD (Life Cycle Cost in Design) program to perform an economic analysis of the 
building/systemlplant design. 
Available through Building Systems Laboratory, University of Illinois, 1206 West Green Street, 
Urbana, Illinois 61801, telephone (217) 333-3977, facsimile (217) 244-6534 or 
www.bso.uiuc.edu. Software prices range from $450 for an upgrade package to $1500 for new 
installations. 

Performs hourly simulation of new and existing buildings based on the building's climate, 
architecture, materials, operating schedules, and HVAC equipment. Appropriate for use with 
Option D. 
Available through LBNL, Buildings Technology Program, Kathy Ellington, fax: (510) 486-4089 or 
http://gundog.lbl.gov/. 
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VisualDOE is a graphical varsion of DOE2. Users csn model complex buildings and HVAC 
Systems. Provides results in graphical format. Software is available from EIey Associates, 142 
Minna Street, San Francisco, California 94105. Phone: 415-957-1977, fax: 415-957-1381, 
email: info@eley.com. htt~://www.elev.coml. 

Energy-10 is a simple graphical building simulation program for evaluating buildings while still in 
the design stage. Good for residences and small offices. Can be used to evaluate different 
potentiaienergy-efficiency measures including passive solar. Available through the Sustainable 
Buildings Industries Council (SBIC), 1331 H Street, N.W., Suite 1000, Washington, DC 20005, 
Phone: (202) 628-7400, fax: (202) 393-5043, email: sbic@sbicouncil.org, 
htl~://www.sbicouncil.or~/ 

5.2 System Performance Simulation Software 

Software offers component level modeling of chiller plant, simulating performance of electric 
chillers & cooling towers. Provides hourly energy cost analyses of chiller water plant equipment 
and control alternatives. Appropriate for use with Option D. Electric chiller model is now in beta 
release. 
Available through Pacific Energy Center, Mark Hydeman, 851 Howard Street, San Francisco, 
CA 94103, tel: (415) 972-5498, fax: (415) 1290, www.hvacexchanae.com/cooltools. 

Designed to evaluate performance changes when converting from R-1 l o r  R-12 to another 
refrigerant. Can also be used to evaluate chiller staging strategies and condenser & evaporator 
water temperature reset. Software was developed by the US Environmental Protection Agency 
and is available at hn~://www.e~a.aovhuildinos/esbhome/tools/software.html. 

Market Manager 
Simulation software using standard ASHRAE algorithms that allow modeling of building 
systems, sub-systems, and components. Appropriate for use with IPMVPffEMP Options C and 
D. 
Available through SRC SYSTEMS, INC., 2855 Telegraph Ave., Suite 41 0, Berkeley. CA 94705, 
tel: (510) 848-8400, fax: (510) 848-0788, www.src-svstems.com. - 
5.3 Utility Cost Management Tools 

Energy Accounting: A Key Tool in Managing Energy Costs 
Energy accounting is a system to record, analyze and report energy consumption and cost on a 
regular basis. This downloadable guide will discuss some of the reasons for energy accounting, 
go into background information needed to understand it, and explain how to get started with a 
program. With emphasis on computer software, this document will discuss some of the methods 
and means of energy accounting, focusing in on energy accounting software packages. The 
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appendix reviews and provides information on five of the most popular, commercially available 
energy accounting software packages. It is available at 
www.enerav.ca.aov/re~ortsIefficiencv handbookslindex.html. 

FASER 2000 
Tracks, analyses, and reports utility billing data, as a result detects billing and metering errors, 
identifies electrical and mechanical problems, and highlights cost saving opportunities. 
Appropriate for use with IPMVPIFEMP Option C. 
Available through OmniComp, Inc., 220 Regent Court, State College, PA 16801, tel: 1-800-726- 
4181, fax: (814) 238-4673, www.faser.com. 

METRIX 
METRIX is software designed to track utility usage and costs in order to track operating cost 
savings or verify the impacts of utility performance measures. Metrix creates a historical 
baseline using a multi-variant linear regression to correct for weather and other independent 
variables that affect utility cost. It establishes performance targets and can track an unlimited 
number of sites, facilities, and meters. Appropriate for use with IPMVPIFEMP Option C. 
Software prices range from $2,495 to $4,495 depending on the type of license purchased. See 
web site to download an evaluation version. Available through SRC Systems Inc., Suite 410. 
2855 Telegraph Avenue, Berkeley, California 94705, telephone (510) 848-8400, facsimile (510) 
848-0788 or www.src-svstems.com. 

5.4 Tools for Data Aauisition and Management 

Abacus 
Provides wireless meter information that can be used to detect abnormal energy use and 
assess the impact of measures immediately. Use could include monitoring for IMPVPlFEMP 
Options B and C. 
Available through Ameren (abacus.amerren.com). 

- ARC Systems 
Complete line of compact Information Loggers Small data loggers record temperature, relative 
humidity, electric current, pressure and other standard variables without plugs, power supplies, 
signal conditioning or complex in-field setups. Equipment can be used for monitoring for 
IPMVP/FEMP Option A, 6, and D. 
lnformation is available at www.acrsvstems.com1menu.htm. - 

ACRxTM 
ACRx acquires and processes technical data (air temperatures, refrigerant temperatures and 
pressures, etc.) to identify pending service needs, can be used for monitoring for Option A, B, 
and D. 
Available through Field Diagnostic Services, Inc., North American Technology Center. 680 
Jacksonville Road, Warminster, PA 18974, Tel: (215) 672.9600. Fax: (215) 672 9560. 

3 L +  
?P Schiller Associates Page 10 



FEMP Measurement & Verification Resources 

Analysis West 
Analysis West is a manufacturer and distributor of energy monitoring and software products for 
energy and HVAC professionals. Runtime Datawatcher datalogger records the runtime of fuel- 
fired heating systems, including hard-to-measure water heaters and millivolt heating systems. A 
separate sensor allows the unit to also log motors, air conditioners and other electrical 
appliances. Up to 11 months of data can be stored in the logger. Digital Power Meters allow 
you to measure the true power consumed (Watts) by plug-in electrical appliances and lights. 
Total kilowatt-hours used over an extended monitoring period are also recorded. 
lnformation is available at www.eneravtools.com/. 

Architectural Energy Corporation 
Architectural Energy Corporation's (AEC) MicroDataLogger portable data acquisition system is 
a battery or line-powered, four-channel data logger and hand-held meter which records time- 
series data from virtually any sensor or transducer, including temperature, relative humidity, 
pressure, 
electrical current, power, air flow, velocity or lighting levels. Made for use with EnformaTY 
software, which allows visualization and analyses of short-term data taken from portable 
loggers. Collect and analyze system-wide HVAC, controls and lighting performance data over 
time. Detect HVAC problems, determine energy use baselines, and verify savings of lighting 
retrofits, commission or re-commission building HVAC, control, and lighting systems. Use could 
include monitoring for IMPVPIFEMP Option A, B, and 0. Available through Architectural Energy 
Corporation, 2540 Frontier Ave., Suite 201, Boulder, CO 80301, tel: (303) 444-4149, fax: (303) 
444-4304, www.archenerov.com. 

Boonton Test Solutions 
Products include test instruments & sensors, including power meters. Appropriate for short-term 
measurements associated with IPMVPIFEMP Options A & B. 
lnformation is available at www.boonton.com/. 

CellNet Online Meter Reader 
Real-time energy use tracking to detect abnormal energy use and assess the impact of 
measures immediately after installation. Use could include monitoring for Options B and C. 
Available through CellNet Data Systems, 125 Shoreway Road, San Carlos, CA, 
www.mvEnerovlnfo.com. 

- Continental Control Systems 
Continental designs and manufactures AC poweF and energy meters. Available products include 
standard pulse-output watt-hour transducers and LonWorks interoperable power, energy, and 
demand meters. Applications include utility sub-metering, end-use metering, equipment 
performance monitoring, verification, evaluation, and diagnostics. 
lnformation is available at www.ccontro1svs.coml. 

E-MON Corporation 
Solid state electric meters and meter reading systems and software. E-MON D-MON electric 
meters install easily to meter KWH andlor demand of electricity. E-MON CE-MON systems and 
software can be installed on either E-MON meters or any manufacturer's meters for automatic 
meter reading and profiling. lnformation is available at www.emon.com~. 
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- Fluke Corporation 
Manufactures, distributes and services electronic test tools. 
lnformation is available at www.fIuke.com/. 

- Highland Technology 
Precision Electronic Instrumentation including energy measurement products. 
Information is available at www.hiahlandtechnoloav.corn/. 

Measuring and Monitioring Services  
Services include end-use metering, load research, energy monitoring and analysis, water 
system monitoring as well as related hardware and software products. 
lnformation is available at www.mmsinc.com/. 

MeterTeck Inc. 
Data collection and management, including services, hardware, and software. 
lnformation is available at www.metretek.com/. 

Onset Computer Corp. 
Onset offers over 70 models of miniature data loggers and loggerlcontroller engines. The 
popular HOBO & StowAwav loggers, paired with Boxcar Pro software for Windows, allow you to 
quickly and easily record temperature, relative humidity, light intensity, lighting run time, rainfall, 
AC current, DC voltage, motor onloff, light onloff, openlclosed states and events. 
Available through Onset Computer Corporation, 536 MacArthur Blvd., Pocasset, MA 02559- 
3450, tel: (508) 563-9000, fax: (508) 563-9477, www.onsetcomD.com. 

Pacific Science 8 Technology Inc. 
A variety of energy monitoring products, including tools designed to record the time-of-use and 
run-time of devices, current, temperature, and pulse counts, true RMS 3-phase recording power 
meter. 
SmartLog is data analysis software for use with PS&T loggers. Tool provides graphs and results 
of the data. Tool can convert data to text format for further analysis with spreadsheet, etc. 
Works with PS&T loggers only. Use could include monitoring for IPMVPIFEMP Option A, B, and 
D. Available through Pacific Science and Technology, Inc., 64 NW Franklin Ave., Bend. OR 
97701, tel: (541) 388-4774, fax: (541) 385-9333, web www.~acscitech.com/. 

PowerFocus 
Forecasting of energy use by load using predicteh models. Use could include assisting with 
building monitoring for Options B and C - analysis of utility bills, refrigeration and HVAC energy 
usage. 
Available through Power Control Technologies, Tel: (41 0) 403-4000 www.~owerfocus.com. 

PSI Flow Instruments 
Process control and instrumentation, including a wide range of flow meters. 
Information is available at www.psi-kc.com~htmllproducts1flow.html. 
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Texas A&M 
Various software programs designed to help users manipulate and analyze energy consumption 
data are available through Texas A&M at www-esl.tamu.edulsoftware/software.html 

TimeFrame 
TimeFrame offers a database for data collection of lighting and motor projects. Consists of 
sensors (current or voltage types) that are hardwired at the site and remote computer for data 
collection and storage and analysis. Data retrieval is remote via modem. Use could include 
monitoring for Option A, B, and D. 
Available through Measuring and Monitoring Service Inc., 620 Shrewsbury Ave., Tinton Falls, 
NJ 07701, tel: (800) 942-2703, fax: (732) 576-8067, www.mmsinc.com. 

- Veris Technology 
Veris offers a variety of energy automation sensors including power meters, remote energy 
reporting tools, and metering software. 
lnformation is available at www.veris.com/. 

. Vistron 
Vistron offers products for energy measurement and remote meter reading. Products include 
run time meters for any intemlittently operated electric device and a remote register of a utility 
meter. 
lnformation is available at www.vistron.com/. 

6 OTHER RESOURCES 
There are many additional resources that could be utilized when preparing for and implementing 
measurement and verification of energy savings. Some of these resources are included here. 

6.1 ASHRAE Guideline 1 on Commissioning 
Guideline 1-1996 - The HVAC Commissioning Process describes the commissioning process 
that will ensure heating, ventilating and air-conditioning (HVAC) systems perform in conformity 
with design intent. ~ocument is available through &.ashrae.ora/ for $32.00. 

6.2 DOE Buildinn Commissionirig Guide: Version 2.2 (Draft) 
DOE'S Federal Energy Management Program (FEMP), in cooperation with the General Services 
Administration, developed the Building Commissioning Guide. This Guide was originally 
released for comment on June 16, 1997. Since that release date, comments have been 
received and incorporated into the Draft Building Commissioning Guide: Version 2.2. The 
Guideline is available at www.eren.doe.aov/femp/techassist/bldacomad.html. 
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6.3 NEBB Procedural Standards for Building Systems 
Commissioning 

This publication contains uniform and systematic procedures for the commissioning of building 
systems developed by national and international NEBB commissioning firms. In addition to the 
general procedures, there are specific procedures for HVAC systems, sample forms, checklists, 
and a 23-page glossary of building systems and engineering terms in a loose-leaf binder with 
tabs. Publisher: NEBB; Pub year: 1993. Document is available through www.ashrae.ora/for 
$52.00. 

6.4 Predicting and Verifving Enerqv Savings for Energy 
Service Companies Using Short-Term Monitoring 3.25 

This study by W.Mark Arney, Stuart S. Waterbury, Matthew J. Ossi was published in 1998 
ACEEE Summer Study On Energy Efficiency In Buildings Proceedings. It can be ordered 
through www.aceee.or~/~ubs/~an398.htm. 

6.5 The Energy Efficient Proiect Manual 
This book is published by national Association of Energy Services Companies (NAESCO) and 
the Department of Energy fro the Energy Fitness Program. It is sub-titled The Customer's 
Handbook To Energy Efficient Retrofits: Upgrading Equipment while Reducing Energy 
Consumption And Operating And Maintenance Costs. This overview of performance contracting 
has a chapter on measurement and verification, and can be downloaded from 
hnp:l/www.ornl.gov/EFP/efp.htm. 
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Case Study: Industrial Sector 

Variable Speed Drives on Ventilation 
& Humidification Fans 

Project Goals and Objectives 

Project goal: Obtain energy cost savings by 
installing 15 VSDs on fan motors that are 
used for ventilating at a fabric factory's 
production area - 
M&V goal: To determine the energy 
savings during a 10-year performance 
contract 

- 



Facility Characteristics 
Facility: 

Large cotton cloth manufacturing facility 

Need to keep facility's humidity constant for the 
production process 

Humidity and ventilation rates controlled b 15 supply K and exhaust fans (total 550 hp) and air was systems 

Before VSDs, manual (and hard to use) inlet and outlet 
vanes were used to regulate air flow 

Vanes have 7 different positions and apparently were 
adjusted seasonally 

System Description 



Install VSDs on fan motors to provide: 

8 Savings by more efficiently controllin,o fan 
speed 

Better process control by making it easier to 
change ventilation rates 

1 

Data Products and Output 
Information required: 

Verification 
- Motor nameplate data 
- VSD nameplate data 
- Annual inspection results - 

Determining savings 
- Baseline motors' kW draw (as a function of ?) 
- VSD controlled motors' kwh draw per year. 
- Baseline k w h  was to be based on a model of fan 

motor kW as a function of air flow. 
- Measurements showed constantkw more realistic. 



Approach, Data Analysis 
Procedures and Algorithms 

Savings = (annual post-installation kwh)  minus 
(annual baseline kwh) 

Post-installation frequency metered continuously, 
then converted to kW. 1 
For QC, data would be checked first daily, then 
weekly, then monthly. Independent spot power 
measurements for calibration. 

Baseline calculation data: 
- calibration data 
- VSD parameters (e.g., speed, operating hours) 
- independent variables? 

Approach, Data Analysis 
Procedures and Algorithms 

Baseline model defined with fans in each damper 
position. Air flow rates monitored and a correlation 
developed, power = f (flow). 

However, no clear correlation between the dampers' 
position to the power draw ar flow (the dampers 
leaked). 

In addition, using measurements taken randomly over 
a nine-month penod showed that the baseline could be 
considered constant (Table 1). 



Table 1. Baseline Fan 
Load Information 

! FAN I I 
I F U U  LOAD PERCENT 

i FAN I -4 1 1 0 R W  I 11.5-1-4 IPOWER.KW I LOAD AVERAGEIMINIMUMIMAXIMUM >. , 200 

D* 
72 

n 7  
11 ' 94% , t l S  

Approach, Data Analysis 
Procedures and Algorithms 

Thus, a constant baseline kW value was 
used based on averages of measurements 
taken continuously over a two-week period. 
For QC, independent Spot power 
measurements were taken. 



Data Monitoring 
VSD has a power output indicator, but it is not accurate. I 
Speed was a direct indicator of kW. I 
VSD could output speed (Hz) and that was recorded via 
modem at a central computer. 

Calibration curves were created by recording the 
readings from a power meter while the drive was run 
through its range from 10-60 Hz (Figure 1). 

Each drive/motor was mcnitored continuously. Every 15 
minutes, the frequency was recorded. Data were 

I converted to k w h  using calibration curve. 



1 Contractor calibrated data loggers with 
factory calibrated and certified meter. 

I 
I Owner spot checked the contractor's i power measurements with calibrated 

power meter. 

Results 
Analysis showed: 

1) The calibration curves showed a flaw in one motor's 
power meter calibration (Figure 1). 

2) The power readings vary so slowly that the recording 
interval could be lengthened to once a week. 

3) Frequency was more reliable indicator of energy than 
kwh output. but system would require recalibration if fans 
changed. 

Table 3 lists the first year estimated and actual energy 
savings. 



Table 3. Estimated and 
Actual Energy Savings 

Conclusions 

Long-term monitoring provided accurate 
savings estimates. 
Rigorous M&V revealed 26% more savings 
than originally estimated. 

M&V costs reduced by reducing data 
collection interval without sacrificing 
reliability. 



Case Study: Commercial Sector 

Comprehensive Office Building 
Project 

Project Description 

Large office building in California of large 
aerospace contractor. Project included: 
- Lighting efficiency upgrades 

- Constant-Volume Dual-Duct air handlers 
converted to Variable-Air Volume w/ VSD 

- Chiller replacement 

- Efficient motors on chilled water pumps 
- New cooling tower 



Project Goals 

Reduce total Energy consumption 

Reduce 10,000,000 kwh energy 
consumption by 20% ($100,000 or 
Rs 3.8 million per year) 

Improve air distribution to offices 

~ e ~ l a c e  R- 1 1 chiller with R- 134a 

Replace old cooling tower 

M&V Approach 

Combination of Option C and D used. 

Building simulation model (Option D) used 
to establish baseline conditions. 

Annual post-retrofit utility bills (Option C) 
used to determine post-retrofit performance. 

Difference is savings 

Savings .d to be tracked for 3 years. 

1 



Baseline Definition 

Building simulation model developed and 
calibrated to monthly utility bills. 

California has minimum energy-efficiency 
standards called Title 24. 

New model developed incorporating 
energy-efficiency standards. 

- 

Building Model Comparison 
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Savings Calculations 

Results from Title 24 model adjusted for 
weather. 

Title 24 model adjusted for other factors. 

Actual utility bills subtracted. 

Difference is savings. 

Model Verification 

Retrofit model developed and adjusted. 

Utility bills compared to retrofit model 

Significant difference indicate problem 



Post-Retrofit Performance 

i 3.. rm U " I, I". Y L, IO a. %. Di 
rn 

Problems Noted 

Construction completed January 1996. 
Project being commissioned through early 
1996. 

Large computer room-removed (loss of 
load)- accounted for 200,000 kWNmo. 

Computer room required baseline 
adjustment. 



Baseline Adjustment 

Savings Calculations 



Conclusions 

Options C and D successfully combined 
Simulation model could be used to estimate 
baseline case 

Model was adjusted for weather, facility 
changes, and energy-efficiency standards 

Continued comparison of actual utility bills 
0-term to post-retrofit model assures Ion, 

performance. 



RepIacement of air conditioners and 
furnaces with ground-source heat 

pumps at military housing. 

Project Description 

Replace old DX air conditioners and 
furnaces (gas & oil) with ground source 
heat pump. 

Savings come from significantIy increased 
cooling efficiency in summer (COP 4-6.5) 
and heating cost savings. 

Savings also from reduced maintenance 
efforts. 



Facility Description 

Military District of Washington comprises 
five military bases near Washington, D.C. 

Multifamily housing for soldiers and their 
families. 

Housing built in 1940's and has historic 
value that needs to be preserved. 

Project Financing 

Performance contract with U.S. Department 
of Defense will provide $67 million 
(Rs 2.5 billion) of capital investment. 

18 Year contract- paid from savings. 

GSHP measure is one of a dozen being 
installed at the five bases. Investment is 
$2.65 million (Rs 100 million). 

- 



Ground-Source Heat Pump 

Similar to central air-conditioning system in 
that system uses refrigerant (R-22) and 
mechanical compressor. 

Can provide both heating and cooling by 
reversing refrigerant flow. 

Heat is extracted or rejected to soil instead 
of atmosphere. 

GSHP Configurations 

Ground-source heat 
pumps exchange heat 
with the soil. 

Usually PEX tubing 
I - 

circulating glycol. 
Either just below 
surface or deep wells 
(30-100 m). 



M&V Approach 

Hybrid of Option B and A 
Use short-term metering (one season) to 
characterize a sample of heating and 
cooling equipment (Option B). 

Normalize results to typical weather. 
Install GSHPs 

Monitor performance for one year. 
(Option B) 
Normalize to typical weather conditions. 

Compare differences.- 
* Stipulate weather conditions (Option A). 

Remonitor heat pumps every three years to 
verify performance. 



I Furnace & A/C Performance 
B * , . F u r a . & h c l o d l  

Short-term 
Imp. measurements to 

define run-time as 
function of OSA temp. 

0. Repeat on heat pumps. C 

r 

Savings are the C O ~ O  

difference. 
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Furnace & A/C Savings 
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Weather Data 

Washmplon D.C. Tempuu- Need to apply savings 
to weather data. 1.w - 
Use TMY data to find 2 ,,, : 
hourly. temperature 
distribution. 
Then apply 
distribution to savings. ,,* 3 , ,. -> .> 

~n Tcrnv~xurc. C 

Bin Analysis 

For each temperature H u g  & Cmhp SavmS 

range, find savings in 
dollars/hour. 

Multiply savings by 
number of hours. 
Total savings are sum 
of bin savings. -18 .12 -7 - I  r 10 16 21 27 32 38 

ALrTempmmrr C 



M&V Issues 

Need to ensure that sampling periods are 
sufficient for both heating and cooling. 

Need to use correct fuel prices for oil, gas, 
and electricity. 

Demand savings apply to summer only. 

Savings not based on real weather data but 
typical weather data. 

Conclusions 

Method could could be considered hybrid 
Option A & B, or simply Option A with 
measurements. 

Savings based on measured performance 
and stipulated weather data. Actual savings 
will fluctuate every year but claimed 
savings will not. 



Open discussions 
on appiicability and 

adaptation possibilities 

INTESCO Asia Limited 

Application of M&V (sample ECMs) 
Issues for Discussion 
Composition of Indian ESCOs 
Experience of Indian ESCOs 
Potential ESCO Customers 



Application of M&V 
Sample ECMs 

Variable Speed Drive 
EE motors Vs std. motors 

Chiller upgrades 
Building Control systems 
Process/Technology upgrades 
Lighting efficiency / controls 

Cogeneration 

Issues for Discussion 

Urgent need felt for M&V protocols. 
Applicability of option A&B possible in 
most of the areas, especially for retrofit 
isolation cases. 



-=. - 
Issues for Discussion (continued) 

The 'whole billing and computer 
simulation' approaches are viewed as a 
complex exercise to comprehend. 

5 of 9 

T& -- 
Composition of Indian ESCOs 

(as understood by us) 

Full Service ESCOs 
Lighting service ESCOs 

Energy services providers 

Others 

6of 9 
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Composition of Indian ESCOs 
(contd.) 

Others based on types 
equipment 1 vendor promoted 

solely for private utilities 

Others based on end-use sector 
main focus on industrial 

main focus on commercial buildings and hotels 

main focus on residential (mostly solar & 
renewable) 

Experience of Indian ESCOs 

Present focus of many ESCOs is on 
industrial sector. 

Also moving towards - commercial and 
residential sectors. 

Huge opportunities are also forecast in 
agricultural sector. 

Benefits of M&V rigors not understood by 
all concerned. 



Potential ESCO customers 

Buildings & Hotels 

Cement 

Chemical process 
Pharmaceutical 

Steel 
Textile 

Fertilizer 

Refineries 9of 9 
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IPMVP World Wide Web site: http:/1www.1prnvp.org 

- --. - - _ 

IPMVP - Objectives I--- -*> .." - . .-. ...v*..*# 

+ Reduce transaction costs by providing international, 
industry consensus approach and methodologies 

+ Replace multiple, incompatible protocols with single 
consensus approach - 

+ Increase reliability and level of savings 

+ Reduce financing costs by providing project M&V 
standardization, thereby allowing project bundling and 
pooled project financing 

+ Provide a way to update the standard for future needs 



. - 
IPMVP - Scope 

-:. .:. - . ~..':,.-.- ~. . 

+ Addressing the M&V needs of participants in energy and Water 
efficiency projects 

+ Defining the role of verification in third-party financed efficiency 
projects 

+ Providing industry consensus options, with varying levels of 
accuracy and cost, for verifying: 

Baseline and project lnstallatlons condltlons 

Long-term energy and water savlngs performance 

+ Providing techniques for calculating "whole-facility" savings, 
individual technology savlngs and stipulated savings 

+ Defining procedures which are: 

Consistently appllcable to slrnllar projects 

+ Internationally accepted, lrnparilal and rellabfe 

IPMVP - Target Audience 
.z- . ,." - -+ 

+ Facility Energy Managers, particularly public buildings 

+ ESCOs (Energy Service Companies) 

+ WASCOs (Water Service Companies) 

+ Development Banks - 
+ Finance Firms 

+ Util ity DSM Managers 

+ Building Managers 

+ State and  Municipalities 



Uses of M&V 

+ Determine energy savings 

+ Integrated with commissioning can provide feedback on 
performance of ECMs 

+ Long term feedback for on-going fine-tuning of ECMs 

+ Documentation for evaluating (and justifying) future ECMs 

+ Enhances Indoor Environmental Quality I 
+ Basis for documenting emissions reductions and securing 

credits 

IPMVP as Basis for International C02  
Trading Regime 

- - .----. . .- . ..~- -.-~? 

Allow credits to accrue at the project level 

+ Industry consensus 

+ Measurement as cost savings, not added cost 

+ Standardization allows bundling 



M&V Efforts in U.S. 
....... 

+ 1970's Case by case measurement plans 

1983 IEA's 'Guiding Principles for Measuremenr . 1985 First utility sponsored large scale programs 

1988 New Jersey Utililies M&V plan 

+ 1988 First NAESCO M&V plan 

California CPUC M&V Protocol 

New Jersey Standard Olfer Protocol 

NAESCO MBV ver 1.3 

PG&E Powersaving Panners 'Blue Book' 

EPA Conservation Verification Protocols 

LoanSTAR (Texas) Protocols 

North American Energy Measurement 8 Verilicalion Protocol 1 

FEMP application 

International Performance Measurement & Verilicalion Protocol 

IPMVP 2000. FEMP 2.2. ASHRAE 14-P ( d m )  
i 

M & V Methods . ..*-.-. .. . . . : .  .s. - .. .... 

-- - 
IPMVP FEMP ASHRAE 

14-P 
Retrofit Isolation A A - 
.. - . -- -- .. - .. -. . -. ......... - . - ............... -- .. 

Retrofit Isolation wl e B Retrofit 
continuous metering Isolation . ... ..... .... -. 

Utility Bill Analysis C C Whole building 
metered approach 

. .  . . .  . 

Building Simulation D I3 Whole building 
calibrated 
simulation 



M&V Options in the IPMVP 
~ ... . . .-, = .- 

M 
e + Option A: Stipulated Baseline and Performance a 

r Verified equipment performance potential s 
U 

+ Option 6: Stipulated Baseline, Verified Performance r 
e r Estimating tool calibrated with end-use data 

B + Option C: comparison of similar buildings with and without 
ECMs using whole building data (hourly or monthly) 

I 

I + Option D: Stipulated Baseline, Verified performance d 
+ Estimating tool calibrated with whole building data I 

n 

9 

Option A 
.>.,. .. >... . . , , < 

+ Properly defined baseline conditions 

+ Projects where verifying the potentialto generate savings Is 
the major concern (or the risk to be mitigated) 

+ Actual energy or cost savings are not verified 

+ They are predicted using eng i k r i ng  or statistical methods 
r Using historical data for ooeratlonai factors (occupancy schedule etc.) 

+ May use spot or short-term (bul not tong-term) measured data to estimate 
performance taclors 

+ Option A includes primarily verification activities such as 
physical assessment of equipment changes 

* 



I + Properly defined baseline conditions I 
i + Projects where actual savings (energy and cost) during 

contract need to be determined, based on end-use I 
I + Involves long-term measurements for both Pefformance 

and Operationalfactors 

I . A "Retrofit Isolation" method 

+ M&V can be performed at the equipment or system level 
and goes on for the term of the project 

+ Same procedures as Option A plus measurement of pre- 
and post-installation energy use 

I + Properly defined baseline conditions I 
+ Projects where actual savings (energy and cost) during contract 

need to be determined, based on end-use 1 
+ Utility whole-facility meter analysis calibrated with utility billing 

data - 
( + Savings are determined by "whole facility" I 

+ Same procedures as Option A plus measurement of pre- and 
post-installation energy use 

I 
i 



Option D 
...-,. ~ . --. - 

+ Use of a calibrated simulation tool to estimate "before" and 
"after" energy use 

+ Simulation of whole building or just end use 

+ Building simulation model (e.g. DOE-2), or a spreadsheet, or 
VSD estimating program, etc. 

+ Calibration is done by: 

+ Llnklng slrnulatlon Inputs to actual operating data. and 

+ Comparing the results with end-use or whole building data 

+ Used for new buildings and complex existing building Systems 

Project Comparison 
. -----.. . . ._Liz%---- . . 

GocdM&V 

; ii:m /.I 
- 
- - 
m 

60 
K 

40 
+ Three key components 

20 + Initial Mvtngs level 

0 + Persistence of savlngs 
0 5 10 + Varlabillty 

Years post-completion 



I Useful Web Sites 1 
-L.- . ., 

lndustrv Protocols 
+ IPMVP www.iprnvp.org 
+ FEMP www.eren.doe.gov/femp/financing/measguide.html 

+ LBNL atearn.lbl.gov/rnv/ 
+ ASHRAE www.ashrae.org 

Utility Protocols 
+ Standard Performance Contract (CA) 

+ PG&E www.pge.com/spc 
SCE www.scespc.com 
SDGE www.sdge.com/spdbusl 

Full Recourse Project Financin I - I/ 
Finance Firm 

Debt service I b a n  

Construction, 
Monitoring. Long- 
t e n  relationships ESCO 



Trade-off Between M&V and Cost 
-. ... . . 

Incremental Certainty 
u3 
m 
c - 
> 
m 
fn ... 
0 
0 
3 - 
2 cost of M ~ V  

Cost of project Balance point of 
diminishing returns 

Common Energy Cost -. .. - 
I + Lighting lmprovements 

+ Electrical Motors and Drives 

+ Boiler Improvements 

+ Chiller lmprovements 

+ Improving Control Strategies 
a Building Automation Systems (Bas) 
a Energy Management Control Systems (EMCS) 
a Utllity Monltorlng and Control Systems (UMCS) 

+ Heating Ventilating and Air Conditioning 

+ Building Envelope Modifications 

+ Water and Sewer conservation Systems 

+ Renewable Energy Systems 



Overview of M&V Options . .  - 1 
.... s-. .- .. - . - 

+ Option A (1-5% of project construction cost) 
+ Properly deflned basellne conditlons 

+ Focuses on physical assessment of equipment changes 

+ Reliance on historical data for o~erafionalfactors (occupancy schedule etc.) 

Use of spot or short-term measured data to estimateperformance factors 

+ Option B (3-10% of project construction cost) 
Properly deflned basellne condltlons 

+ Verifying energy and cost data obtained durlng term of agreement 

Use of long-term or continuously measured data for both performance and 
operational factors 

r M8V can be performed at the equipment or system level and g w s  on for the 
term of the project 

Overview of M&V ............. Options - 2 
- .  

---,. ~.~ ..--. .~ - - 

+ Option C (1-10% of project construction cost) 
Properly defined basellne conditlons 

+ Savlngs are determlned at the "whole-buNdlns" level 

+ Reliance on a combinatlon of utility bllling analysis and sub-metered data 
(for calculations. - 

+ Opfion D (3-10% of project construction cost) 
Properly defined baseline conditlons 

+ Savlngs are determined through slmulatlonof lndlvldual system or "whole- 
bulldlng" 

+ Slmulatlon model Is calibrated with hourly or monthly utillty bllllng data 
andlor end-use metering 

+ Used for new bulldings and complex exlstlng bulldlng systems 



Layers of Measurement & Verification 
-z. - -  - 7- 4 

I Incrementally more expensive - I 
+ Option A - End use, measured capacity, stipulated consumption 

+ Option B - End use, measured capacity, stipulated consumption 

+ Option C - Whole building or main meter approach 

Option D - Calibrated simulation approach 

How to Get a Copy of IPMVP 

+ For hard copies, call Energy Efficiency and 
Renewable Energy Clearing House (takes 2-4 days 
to receive a copy) 
B 1 -800-DOE-EREC 

+ Electronic Download (in NS Word and Acrobat) 
w www.ipmvp.org/download.html 

+ For miscellaneous information 
S-kurnar@Ibl.gov 

w 1-202-484-0884 XI 10 



/ How to Specify Compliance 
I 

+ State the document to be referenced 

+ State which option and method will be used 

+ Indicate who will conduct the M&V 

+ Define the details of how calculations will be made 

+ Specify the metering 

+ Define key assumptions 

+ Define the level of accuracy 

+ Define quality assurance methods 

+ Define reporting contents and schedule 

IPMVP Uses - 1 
x- . ---- . - .-. 

In the United States * 

+ ESCO industry standard 

+ Federal buildings through FEMP 
+ State-wide adoption 

+ California 
+ Florlds 
+ Iowa - 
+ New York 

Basis for innovative, large scale financing initiatives 
+ NYSERDA 

+ To achieve and demonstrate state compliance with 
Federal Clean Alr Act Requirements under State 
Implementation Plans (SIPS) 
+ New Jersey (prellmlnary) 



IPMVP Uses - 2 
A' . - 

/ Currently (or beginning to be) used I 
+ by Multi-lateral Development Banks as a key design 

element in large scale energy efficiency loans 
World Bank 

International Finance Corporation 

+ Inter-American Development Bank (IDB) 

European Bank for Reconstruction & Development (EBRD) 

+ for determining reduction of greenhouse gases 
+ Inter-Governmental Panel for Climate Change (IPCC) 

Global Environment Facility 

1 IPMVP -International Participation 
_..in.- -L~--...>~..._.-- 

I Countries with National Participating Organizations I 
4 Brazil South Korea 

+ Bulgaria . 4 Mexico 

4 Canada Nepal - 
4 China 4 Poland 

4 Czech Republic Russla 

4 India 4 Ukraine 

t Japan United Kingdom 

4 United States 


