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Preface 

This report is part of the deliverable for Milestone 3.4, Conduct 2 training courses on 
Measurement and Verification (M&V) protocols, of the ECO project. The repon 
covers work done under this  milestone from September ZOO0 through December 
2000. 

The ECO project is being implemented by Bechtel National Inc (Nexant Inci under a 
USAID contract, LAG-1-00-98-0000. This contract has been issued by the CSAID 
Mission in New Delhi as a pan of the IQC (Indefinite Quantity Contract) currently in 
place through USAID's Global Bureau. The project contract was signed on Februar). 
29,2000. and continues through December 2003. 



Main Training Course Report 

1.0 Introduction 

A three-day training course 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, constructing, 
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 training course 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 training courses 
was to discuss in technical detail how the existing protocols are currently being 
applied to energy-efficiency projects (primarily in the US. )  and how they can senre to 
mitigate project risk by making clear the allocation of risk in performance contracts. 

The training course, entitled "Training Course on M&V protocol for energy efficiency 
projects" was held as scheduled in Mumbai on 6-8 December and in New Delhi on 
12-14 December 2000, under joint responsibility of Nexant, Schiller Associates and 
local subcontractors Intesco Asia Limited. Both sessions of the training course, which 
had identical content, achieved or exceeded the minimum attendance levels and were 
very well received by participants. The training course participant profile, smcture. 
conclusions and recommendations, lessons learned and further recommendations. and 
feedback from participants are summarized below. 

2.0 Participant Profile 

The training course held in Mumbai was attended by 23 participants, while the 
training course held in New Delhi had 17 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 training course sessions ivere intended to attract 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 from ESCOs, practicing energy consultants and end- 
user segments. This participant profile helped in having lively and engaging 
discussions, especially during case study and group exercise sessions. 



Table Showing Participant prqfile 

Category 

ESCOs 

Marketing of the training course 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 workshops and training courses and a Council of Energy Efticiency 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 two training course events. Nexant handled training course marketing and 
logistical aspects. 

! ~onsul tan ts /~udi to rs  I . 
/ Industry Associations 1 1 1 

I 
i 

Policy  makers 0 1 
I Institutions/NGOs I 0 2 

3 0 : Financial Institutions I 

3.0 Training course Structure & Report on the Two Training course Sessions 

Number of Participants : 
Mumbai 

6 

I End-Users 
1 utility 
/ Others 
1 Total 

The course at each location included three elements. The first consisted of theoretical 
inputs, provided through lecture inputs by Schiller Associates and Intesco Asia 
Limited, on M&V approaches and their applicability to industrial, commercial and 
residential sector energy efficiency projects. Theoretical inputs were supplemented by 
case study presentations and discussions. Combination of both, Indian and US case 
studies from the industrial, commercial and residential sectors were presented and 
discussed. Learning achieved through theory and case studies was further 
strengthened by providing the participants hands on experience of M&V process 
through group exercises from the industrial, commercial and residential sector energy 
efficiency projects. 

Number of Participants : ' 
New Delhi 

1 
Energy Efficiency 1 7 

3 2 j 

- 2 I 1 
1 1 2 I 
23 17 1 

As mentioned earlier, one-day workshop sessions on M&V: needs and issues were 
conducted in Mumbai and New Delhi one day prior to these three day training course 
on M&V protocols. The basic aim of these workshop 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 

7 1 



Keeping in mind the proximity of the two events (training courses and workshops), 
the training course sessions were carefully structured to provide technical details on 
how the existing protocols are currently being applied to energy-efficiency projects 
(primarily in the U.S.) and how they can serve to mitigate project risk by making clear 
the allocation of risk in performance contracts. However, because of the proximity of 
the two events (workshops and training courses), contrary to initial expectations, 
many of the participants registered for both events. This required a small change in 
the agenda to reduce the amount of redundant information presented, but also created 
an opportunity to present new material. Added to the training sessions were 
discussions of how to measure the performance characteristics of typical equipment 
and demonstrations of common M&V instnunentation and software used in the U.S. 
ESCO industry. The added material was well-received and indicated significant 
interest in these areas. Because these presentations were somewhat impromptu, they 
were not included in the handout materials. Subsequently, however, the handouts 
were reproduced and handed over to the participants. 

The assumption was that all who attended understood the M&V concept, concepts of 
performance contracting (project payments from proven savings) and had some 
engineering background. Feedback from the participants during the sessions indicated 
that this was not always the case, so additional time was spent explaining such 
concepts as what M&V is, what performance contracting is and how financing works 
under such arrangements. The backgrounds and experiences of the participants were 
different between the two cities. Both of these factors contributed to different levels of 
participation and enthusiasm between the two cities, with Mumbai having the more 
involved participants. 

Report on the Two Training courses 

The general presentation format offered in Mumbai was followed in New Delhi. In 
New Delhi, additional inputs on performance contracting and what M&V is, were also 
provided. In addition, a lecture on IPMVP by Dr. Satish Kumar of Lawrence Berkiey 
National Laboratory was included in the New Delhi course. 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 training course: 

Day 1 
Overview of savings uncertainty and project risk 
Explanation of how to use measurements to define baseline and project 
performance 
Overview of common M&V techniques (Delhi only) 
Display of common M&V equipment and software 
Case studies (3) from industrial sector 
Group exercises on industrial sector 

Day 2 
Presentations of industrial sector group exercises 
Case studies (3) from commercial sector 
Group exercises on commercial sector 



Day 3 
Presentations of commercial sector group exercise 
Case studies (3) from residential sector 
Presentations from participants on their project experiences (Mumbai only) 
Open discussion on adopting M&V protocols 

For the group exercises, the participants were divided into groups of 3-5 people and 
asked to develop an M&V approach for hypothetical projects. This forced them to 
understand the problem, identify the factors that affected energy savings, and develop 
a M&V strategy that would identify the savings. Groups were asked to make 
presentations of their solutions and these were discussed in open sessions, with the 
faculty acting as moderators. At the end of the discussion sessions, the faculty 
presented their views on possible M&V approaches to various case problems 
discussed. 

4.0 Conctusions and Recommendations 

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

These sessions were developed with the assumption that the participants were familiar 
with concepts in the energy-services industry. Immediate feedback in the Delhi 
session indicated this was not the case, so additional time was spent explaining what 
performance contracting is and how financing works under such arrangements. Future 
sessions should include more discussion of project financing and performance 
contracting. 

As one of the exercises to encourage thinking about risk assessment and risk 
mitigation, the participants were divided into small groups (3-5 people) and asked to 
develop M&V approaches for hypothetical projects in the commercial and industrial 
sectors. In some cases, the hypothetical exercises were ambiguous (originally thought 
to be a benefit) or technically demanding, which required too much explanation and 
detracted from the real task at hand. Future exercises of this sort should contain more 
information (reduce ambiguity), not be so technically demanding (not all participants 
are engineers), and be more specific to Indian commercial and industrial practices. 

During the training sessions, reference to a 'standard lighting table' was made. This is 
a collection of information on typical fixture arrangements (lamp & ballast 
combinations) that contains average fixture powers. Such a table can be used to 
standardize savings calculations, reduce measurement costs, and increase savings 
estimates reliability. While this idea received only lukewarm reception, it might be a 
useful exercise for someone to compile this information on common fixture types 
found in India. 

Based on the feedback and response from the participants, a future three-day training 
session agenda might include the following topics: 



Dav 1: Overview of M&V (could also be considered the 'Executive Summarv') 
Introduction to performance contracting and project financing 
Performance Contracting project risk and how M&V treats such risk 
Additional benefits of M&V practices 
Introduction to IPMVP conoepts and language 
Applications of IPMVP methods 
Case studies from the commercial sector 
Group exercise with real commercial sector example projects 

Dav 2: Basic M&V Methods 
Presentation of group exercise result; 
Developing an M&V Plan 
Showing compliance with IPMVP and India-specific protocols 
Defining baseline conditions 
Using measurements to characterize equipment 
Introduction to statistical concepts I (precision, confidence, sample sizes, 
uncertainty) - .  
Proper application of stipulations with Option A 
Case studies from the industrial sector 
Group exercise with real industrial sector example projects 

Dav 3: Advanced M&V Methods 
Presentation of group exercise results 
Demonstration of common metering and data acquisition equipment 
Typical applications of Option B methods 
Introduction to statistical concepts I1 (bin analysis! linear regression analysis) 
Typical applications of Option C methods 
Demonstration of building simulation software 
Typical applications of Option D methods 
Determining M&V costs and cost-effectiveness 

5.0 Lessons Learned and Further Recommendations 

Results from these workshops and training sessions indicate a real need for additional 
training in the areas of performance contracting, project financing, and measurement 
& verification activities. Feedback from these sessions have application to future 
tasks, especially Milestone 3C (ESCO development). 

Potential ESCO development seminars should include measurement and verification 
as part of the program, but not to the exclusion of other elements. (Potential M&V 
topics that should be included are shown in the previous section.) Other materials to 
be included are project financing and arranging, efficient technology information 
(similar to Milestone 4A, but condensed), and customer education (how the 
ESCOIconsultant can educate their customers). Customer education seems to be a 
bamer to further market development and should be emphasized. 

Feedback from the participants indicated that shorter programs would be desirable 
and suggested that 3 days would have been appropriate for the material covered. 



Attendance at workshops and training sessions is likely to be inversely proportional to 
their length because of the need to operate and maintain a business. Had these 
sessions been 5 days in length instead of 3 or 4, attendance probably would have 
suffered. 

In the event sessions run longer than three days, there may be some value to 
segregating participants by background or interest so as not to bore those with legal or 
financial backgrounds with engineering details. Likewise, spending too much time on - - - . . - 
project financing may not be the top interest. among engineers and consultants. 
Development of a focused lesson plan is key to maintaining interest. 

The group exercises proved to be a useful component of the training sessions, 
especially when consultants could be grouped with financial institute representatives. 
This made the exercise more real because of the balanced perspectives. Feedback 
indicated that these were valuable because of their relevance. 

6.0 Participant Feedback 

A very elaborate questionnaire was designed to obtain participant feedback on the hvo 
training courses. The questionnaire it self was a combination of structured and open- 
ended questions. structured as well as open ended responses were sought on aspects 
such as, Training Course content and structure, whether goals met, quality of resource 
persons/faculty, delivery methodology, venue, administrative arrangements, handout 
material quality and usefulness, level of skill achieved, confidence in applying the 
learned skill, overall satisfaction level with the course and publicity and invitations; 
open ended responses were sought on which part of the course was liked most, which 
part needed improvement, and a section on general comments and suggestions. A 
sample feedback form, along with summaries of the responses from each of the hvo 
Training Courses has been enclosed in Section D. The principal conclusions provided 
from these summaries include the following: 

Overall sarisfactioir witJz course 

Structured as well as open-ended responses were sought from participants on this 
aspect. As far as the structured part is concerned, the participants in both, Mumbai 
and New Delhi provided an average rating of 4.3 on a 5 point scale (rating of 1 being 
very poor and rating of 5 being very good). On the open-ended side, the respondents 
mostly reported very high level of satisfaction with the'course. 

Level of krrowledge of faculty 

Structured as well as open-ended responses were sought from participants on this 
aspect. As far as the structured part is concerned, the participants in Mumbai and New 
Delhi provided an average rating of 4.5 and 4.6 respectively, on a 5 point scale (rating 
of 1 being very poor and rating of 5 being very good). On the open-ended side, the 
respondents mostly reported very high level of satisfaction with the knowledge and 
experience of the faculty, especially their knowledge about practical aspects of the 
applicability of M&V. 



How does level of skill achieved by yourselfcotnpare with your expectation? 

Structured as well as open-ended responses were sought from participants on this 
aspect. As far as the structured part is concerned, the participants in Mumbai and New 
Delhi provided an average rating of 3.8 and 4.0 respectively, on a 5 point scale (rating 
of 1 being Lower and rating of 5 being Higher). This shows that the course has met 
expectation level of majority- of the participants. On the open-ended side, the 
respondents mostly reported that they are now better equipped than before in dealing 
with M&V issues. 

What is your level of confidence in regards to your use of the new skills? 

Structured as well as open-ended responses were sought from participants on this 
aspect. As far as the structured part is concerned, the participants in Mumbai and New 
Delhi provided an average rating of 3.6 and 4.0 respectively, on a 5 point scale (rating 
of 1 being Low and rating of 5 being High). This shows that the course has really 
helped in enhancing the skill level of the participants. On the open-ended side, the 
respondents mostly reported moderate to good competence with regards to use of new 
skills. 

Most valuable parts of the course 

Case studies and group exercises, presentation by Dr. Satish Kumar of Lawrence 
Berkley National Laboratory, information provided on web sites from where further 
information can be gathered, and learning about the instruments available for 
measurements and software available for data processing and designing were reported 
as the most valuable part of the program. 

Parts of the course that need improvement 

Emphasis on industrial sector, fuels other than electricity, emphasis on application of 
M&V through detailed group exercises, reduced number of days for the training 
courses, and inclusion of real live case studies, instead of class room exercises, like 
sitelfactory visits, were reported as some of the areas where improvements can be 
brought in. 

General Comments 

Ensuring larger participation from end-usersand financial community (especially, 
commercial and cooperative banks), exploring the feasibility of stocking some of the 
common software used in M&V (a kind of library), providing more awareness about 
performance contracting and ESCO concept, attempting more 'indianization' of the 
course, and proper publicity were mentioned as some of the general comments by 
course participants. 
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Day 2 
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1545 - 1600 1 TEA BREAK 1 i 
1600 - 1700 1 Salient Features of Draft Model M&V Protocol - / MTESCO Asia: Mr. R. Vasu & 
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Mr. R. Kumar and Schiller 

1000 - 1045 
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1430 - 1545 

Hand on Exercise for ParticipantslPanicipant 
Groupflutorial - M&V in Industrial Sector 

TEA BREAK 
Hand on Exercise for ParticipantslPanicipant 
Groupflutorial - M&V in Industrial Sector 

I Case Studies I Stetz I 
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1415 - 1445 1 Salient Features of Draft Model M&V Protocol - ) INTESCO Asia: Mr. R. Vasu & 

Associates: Mr. Mark Stem 
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1245 - 1330 

Hand on Exercise for ParticipantsPanicipant 
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~~~ 
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I - 1 / Associates: Mr. Mark Stew t 
i 1145 - 1300 ! What is Measurement & Verification 1 Schiller Assoc~ates: Mr. Mark 1 
I I I ~ t e t z  
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I Stetz 
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/ 
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Andheri (E), Mumbai 400096 

18. C.S. Rao Sr. Engr. IPCL-MGCC 
Tech. Services Nagothane 402 125 

19. Sachin Kumar, Sr. Engr. BSES Ltd., 
Supply Division 
Electricity House, Santa CNZ (E) 
Mumbai 400 055 

20. C. Tanveer Ahmed BSES Ltd. 
Sr. Engineer Supply Division 

Electricity House, Santa Cmz (E) 
Mumbai 400 055 

21. Vijay Gambhire RPG Enterprises 
v i i i ~ ~ ~ ~ ~ ~ g ~ ~ c t ~ c o r n  Ccat Mahal, 463, A.B. Road 

Worli, Mutnbai 22 

22. Zahira Banu, Manager I17CI, Earnest Ilousc 
zahira@ifcimumbai.com NP, Mu~nbai 400 021 

23. Mr. 'I'. Sankarnarayanan National productivity Council 
Sr. Deputy Dircctor Novclty Chambers, Grant Road 
npcmum@vsnl..net 

TELEPHONE # FAX I 

0214422280 0214423067 
Extn. 2710 a 



ECO PROJECT: IMILESTONE 3A 
Training Course on M & V Protocols for Energy Efficiency Projects 

12-14 December, 2000: New Delhi 
LIST OF PARTICIPANTS 

1. Mr. H.C. Hans, Group Manager 
National Council for Cement & Building  material 
34 KM Stone, Delhi Mathura Road 
Ballabhgarh (Haryana) 
Tel: 0129-524205 1 - 
Fax: 0129-5242100 

2. Mr. Biswambhare Pande 
Assistant Engineer, NDMC 
New Delhi Municipal Council 
Pragati Bhawan 
RPD Division, 6" Floor 
New Delhi 
Tel: 01 1-3346545 

3. Dr. Naval Kanir 
PCRA 
New Delhi 
Te1 : 01 1-33 10006 
Fax : 01 1-3715244 

4. Dr. S. Renganarayanan 
Institute for Energy Studies 
Anna University 
Chennai 600 025 
Tel: 044-2300875 
Fax: 044-2300121 

5. Mr. S.K. Dutta 
12 B, Arnrita La1 Bose Street 
Calcutta 700 005 
Tel: 033-555-3 16 
Fax: 033-5551005 
Email: skdutta~e@hotmail.com 

6. Mr. Ashutosh Saxena, Manager 
National Council for Cement & Building Material 
New Delhi 
Tel: 01 1-5242051 
Fax: 01 1-5242100 



7. Mr. Sukumar Barman 
Deputy Manager 
National Council for Cement & Building Material 
New Delhi 
Tel: 01 1-524205 1 
Fax: 011-5242100 

8. Mr. Laxmindra Mohan, Consultant 
DCM Shriram Consolidated Ltd 
Kanchanjunga Building - 
Barakhamba Road, Connaught Place 
New Delhi 
Tel: 01 1-3316801 

9. Mr. N.K. Goyal, Consultant 
Essen Energy, Indore 
Tel: 0731-551721 
Fax: 0731-553286 
Email: essenenerw@.vsnl.cOm 

10. Mr. T m  Batra 
Assistant Engineer 
NDMC, Palika Kendra 
New Delhi 
Tel: 011-3361006 
Email: batra t@.vahoo.com 

11. Mr. K.R. Goyal, Sr. Consultant 
National Export Organization 
2D, Deepa Complex, 10-I.P. Extension 
Delhi 110 092 

12. Mr. S.S. R. Prasad 
ASCI, Hyderabad 
Tel: 040-33 10952 

13, Mr. R.P. Nagpal 
Delhi Vidyut Board 
New Delhi 
Tel: 01 1-6470708 

14. Mr. V.P. Singh 
PHDCCI - EMC 
New Delhi 
Tel: 01 1-6852918 



15. Mr. S. Ramaswamy 
Energy Management Center 
New Delhi 
Tel: 01 1-6864867 
Fax: 01 1-6868914 

16. Dr. A. Kaupp 
Energy Management Center 
Tel: 01 1-6864867 
Fax: 6868914 

17. Mr. Rajesh Jain 
Enhanced WAPP Systems (India) Pvt Ltd 
New Delhi 
Tel: 01 1-6123505/6897483/6133995 
Fax: 011-6131911 
Email: wapp@del3.vsnl.net.in 



Participant Feedback 

A very elaborate questionnaire was designed to obtain participant feedback on the nvo 
training courses. The questionnaire it self was a combination of structured and open- 
ended questions. Structured as well as open ended responses were sought on aspects 
such as, Training Course content and structure, whether goals met, quality of resource 
persons/faculty, delivery methodology, venue, administrative arrangements, handout 
material quality and usefulness, level of skill achieved, confidence in applying the 
learned skill, overall satisfaction level with the course and publicity and invitations; open 
ended responses were sought on which part of the course was liked most, which part 
needed improvement, and a section on general comments and suggestions. A sample 
feedback form, along with summaries of the responses from each of the two Training 
Courses has been enclosed. 

Structured Responses: 

Enclosed table shows participant feedback on Mumbai and New Delhi workshops to 
various questions listed in the Table under the heading "criteria". The responses were 
sought on 5 point scale and the average rating obtained against each of the criteria shown 
in the enclosed table. It can be seen that for all the 12 criteria, the average rating is above 
3.3. The overall satisfaction level for the training is rated at 4.3 points by Mumbai as well 
as New Delhi participants. 

Responses to Open Ended Questions 

Responses to the open ended questions have been compiled and tables showing sample 
responses from the participants at two locations have been enclosed. 



ECO PROJECT : FEED BACK 

6-8 DECEMBER, 2000: Mumbai & 12-14 DECEMBER, 2000 : New Delhi 

5 =Considerable 

5 =Too Much 

d other facilities at the 
I =  Very Poor; 5 =Very Good 



ECO I'roject: FEED BACK 
Milestone 3A (M&V Part) 
Training Course on M&V Protocol for Energy Efticiency Projects 
6-8 December, Mumbai 

- - .  - 
strt~cture of the course in meeting your objectives? Idepending on the saving potential of the ECM I- - I I .  Fairlv Exhaustive: 2.Hiehlv intensive: 3. Most ideallv suited for we participants'- Hard 

HOW would YOU rate this course for the content and 

I .The course covered a wide range of issues in several sectors in energy efficiency, besides 
M&V; 2. 1 am happy with content and StNchlre, perhaps a more specialist could have 
addressed us.; 3. Role of utility should have been emphasized; 4. This is quite well though-out 
program; 5. Partially fulfilled; 6. Very clearly defined and adhered to 7. It gave 
us a detailed insieht of M&V - imoortance. how to do it. minimizing lontimizin~ M&V costs - 

The level of program material was? 

- .  
copies of IPMVP could have been circulated and discussions focused on these 
4. Very good, Particularly DOE literature is good ; 5. Firsl of its kind in India. particularly 
6. Very good - brought out concepts clearly with examples 
7. Good, but more industrial case studies would have made it better 

The ustft~lness of the material presented was? 

I .  Very informative with regard to tlie sectors, a little too technical for a legal person like me; 
2. We could now use this material for the benefit of  our clients, also for disseminating 
information; 3. It can be utilized as per the specific requirements of tlie industry 
4. Was good - because ofrelevant and practical examples 

What was the level of knowledge of your Faculty? 

1 .  The presentations and lectures wcre obviously backed by years of sound experience 
2. Experience of 22 years and having been an energy conservationist, understood the 
presentations easily. 3. Faculty lvad hands-on experience on many E&M projects 
4. Mr. Mark, Mr. Vasu and Mr. Kumar's technical inputs were good 
5. They wcre thorough in this subject; 6. All the faculty had casc studies based on their 
experience. This madc the toval program mow valuable; 7. Was very good - handled all l l ~ e  
ilocrics cfTectivcly 



ECO Project: FEED BACK 
Milestone 3A (M&V Part)  
Training Course on M&V Protocol for Enel;gy Efficiency Projects 
6-8 December, Mumbai 

Criteria (Responses 
11.1 am not sure: 2. Yes, however, would like to request US AID to explore the possibility of 

I Were the Course Obiectives met? 

stocking their in-house facility with various M&V related soft-ware, sd that we could benefit; 
3. M&V protocols' draft should have been discussed 4. Yes, in terms of global objectives; 
micro level - to some extent; 5. Partially fulfilled 6. Will be 
reflected in the orotocol develooed - 
1. Enjoyed the hands on exercises, found them lively. 2. Quite enough; 3. Sufficient enough; 

The Percentage of time given to practiceIpractica1 14, Need a little more control for reducinn the involvement of ~articipants where not so much 
Iwas? Ireouired: 5. Just about Okav 

- 
I 

The availability of equipment was? I I .  As expected 
I .  Being a legal person, I really did not expect to achieve any skills 

Itow does level of skill achieved by yourself 2. Time spent was more than worth the while. Mark Stetz was dspecially good 
compare with your expectation? 

What is your level of confidence in regards to your 

I .  Perhaps, there should lrave been better participation from Financial Institutions 
2. A few engineering consultants and Architects should have been invited too. Should also 
have brought in Nationalized and Cooperative Banks, large power consuniing industries and 
larcer scamcnt of in dust^: 3. It would have been better if more neonle from incusurement 

3. In fact lot of new areas of this business; 4. Better informed than earlier 
I. Being a legal person, I really did not expect to achieve any skills 
2, Good: 3. There is a need to work on the entire company getting introduced on this concept: 

use of the new skills? 
The Venue it self and other facilities at the venue 
were? 

. . . . 
The Overall publicity for the course was? side and user industry were prcsent; 4. Ileard it from organizers and no other source 

I .  The interaction of participants and faculty was very lively and encouraged exchange of 

. . -  - 
4. WOIII; help in the assesslnent of such projects 

I .  Good ambience: 2. Adeauate: 3. Venue could be anv wlierc in the suburbs: 4. OK 

information ; 2. The course was informative, but rcally far rcniovcd from my lcgi~l 
Overall, how would You rate Your satisfWtion wit11 bi~ckground; 3. Good; 4. Very informative; 5. Looking forward to more programs fi.om I:CQ 
this course? ill this arca: 6. Mct mv exncctt~tions 



ECO I'roject: FEED BACK 
Milestone 3A (M&V Part) 
Training Course on M&V Protocol lor  Energy Efficiency Projects 
6-8 Dcccmber, Mumbai 

IResponses 
I I .  Understanding, issues and concerns of ESCOs relating to hnding of projects 

I .  More specialists could address, also repetition of some topics covered in one day se~iiinar 
made it difficult for some of us; 2. Clarification on role of utilities applied in Indian power 
scenario; 3. Case studies to cover major industries in India; 4. Reduced number of days, may 
be by one day at least; 5. Formulating specific options based on ECMs, e.g. lighting - one 
option standardized for all projects; - 6. Applications of M&V protocols 

Which were the most valuable parts of the course for 

- 
2. For me, most valuable parts were the issues arising out of  M&V 
3. Learning about the meters available for measurement and the software available and used; 4. 
Information about residential sector projects; 5. Technical inputs were good 
6. Mr. Mark's interaction with the participants; 7. The importance of M&V approach in energy 
conservation schemes in present scenario; 8. To  know the type of M&V, and ECMs in the 
buildings; 9. Case studies and exercises; 10. An overall perspective of M&V for mitigating 
risk in implementing ECM; I I .  Group exercises; 12. Group worWexercises & conlputer 
energy data analysis; 13. Case discussions as all of them were real life; 14. Industrial 

DO yo11 have any other comments or suggestions 
~ 

I .  Incorporate suggestions given by participants for the next course and se~iiinar in Dellii 
2. USAIDINEXANT could stock software like ENERGY 2000, BLAST, ENERGY 10, 
TRACE, etc; Involve following organizations ill disci~ssions/training on M&V : IITs, VJTI, 
UDCT, CBRI, MPEDA, EIA, EIL, RDSO, ISRO, VSSC, DAE, CV11DE (Defence); Continue 
dissemination of information on M&V to larger segment and bring in more experts; 3. Spread 
tlie message is more important. Keep it up 4. Some technical material like kcy points, thumb 
n~les ,  etc. should be added like what is givcn in literature from FEMI', D O C  5. The duration 
of four days is too long. This can bc covered in 3 days; 6. More 
end-users slioultl participate; 7. Would like to see the lndia specific protocol as soon as 
possiblc; 8. Plcase attempt to increase tlie participation from industries - mani~facturing and 
service sector; 9. For markcling of cncrgy efficiency productslservices, only one program has 
been proposed during Jan-March 2001 - should have more progranis evenly clistributctl across 1 

~ ~ 



ECO Project: FEED BACK 
Milestone 3A (M&V Part)  
Training Course on M&V Protocol for Energy Efficiency Projects 
12-14 December, 2000: New Delhi 

Criteria l~esponses  
I I .  Nicely composed; 2. Some more case studies should be discussed which is applicable in Indian context so 

. meeting your objectives? lbenefit to India perspective; 6. Good exposure 
I I .  The material needs to be arranged a bit in anticipatiuon to the inviteeslparticipants; 2. Useful information has 

How would you rate this course for the 
content and structure of the course in 

that one can follow that procedure; 3. More emphasis on industrial projects, looking from Indian context is 
needed; 4. Very sincerely conducted; 5. Some practical calculations for the establishment of baseline may be 
included for better understanding; 5. Towards M&VP - OK, but more important is taking industrial cases for 

Were the Course Objectives met? objectives were met nicely --. 

The percentage of time given to 

The level of program material was? 

The l~sefulness of the material presented 
was? 

.- 

What was the level of knowledge of Your 
Faculty? 

been provided; 3. Very educative and exhaustive; 4. More references may be provided for gathering further 
information; 5 .  OK; 6. OK 
I .  Case studies were based on US conditions, but it is better also to know about innovations and methods 
adopting for energy conservation; 2. Very useful; 3. It was useful; 4. Great; 5 .  It was eye opener about the 
importance of M&V 
I .  Well equipped, with adequate calibre; 2. Every body was experjenccd, but best part is open discussions when 
every body has shared its experience and that was goodexcellent for learner like me; 3. They have done their 
job nicely; 4. Level of knowledge was very good; 5. Good, but would have been better if they c o ~ l d  provide 
morc details about industrial sector; 6. Excellent 
I .  Yes, adequately; 2. Most o f  the things have been covered, OK as per the t G e  available.; 3. Yes; 4. Course 

1 How does level of skill achieved by I I 

- - 
practice/practical was? 

with your expectation? I I .  It is just OK; 2. Considerable; 3. Many ncw ideas, conccpls learnt during the course; 4. OK 

What is your level of confidence in regards 

1. Not much; 2. Very balanced; 3. As required - the program could have been a two day program; 4. Sufficient 
The availabilitv of cauioment was? I 

- 
10 your use of the new skills? 
The Venue it self and other facilities at the 
velllle were? 

1. Just good enoogl~; 2. Moderate; 3. OK 
. 

I .  C:oinfortablc and good; 2. Drinking water facility to be improved, molh(?)lrooni frcsl~ncr sho~~l t l  he arranged 



ECO Project: FEED BACK 
Milestone 3A (M&V Part)  
Training Course on M&V Protocol for Energy Efliciency Projects 
12-14 December, 2000: New Delhi 

Criteria l ~ e s ~ o n s e s  
I 

I I I .  Energy auditors and end-users not invited/represented adequately; 2. Publicity or follow-up seems to be 
The Overall publicity for the course was? Ilackingi3. Looking at participant strength and the quality of the course and cost, more participants wcre needed 

Overall, how would you rate your 

I .  Need to associate with live real life situations, instead of class room exercises, also more time nccds to be 
allocated for accurate case studies; 2. More dtails being provided in group assignments; 3. Industrial sector 
emphasis; 4. Technical systems; 5. Case studies; 6. Publicity; 7. More hands on exposure 

satisfaction with this course? 

Which were the most valuable parts of the 
course for you? - 

1. It is quite satisfactory 
I. Case studies of commercial - large buildings; 2. Presentation by Dr. Satish Kumar, also other presentations; 3,  
Industrial propjects coverage; 4. IPMVP; 5. Information on available web sites to find/gatherfurther 
information; 6. New technology and cases in industrial apllications, presentation by Dr. Satish Kumar; 7. 
Different options given; 8. Case studies; 9. Dr. Satish Kumar's presentation; 10. Outlining M&V protocol, its 
importance and options A, B, C, D; I I .  Case studies on M&V 

-. 

I .  M&V, more uscful for large industries, We are just at the motivating stage in India, need more awareness.; 2. 
More indianisation of the program. Should be more relevant to industrial projects -gradually the emphasis coulc 
increase on the projects in commercial and residential sectors as the awareness and requirements build up.; 3. In 
case there is a program in future, we will like to participate; 4. Proper pubilicity for better participation, & 
docunlent gcneraiion to give policy guidelines to government for better energy cfficierlcy in the country; 5. 
Scminar and first day of workshop can be compressed to make it a course of shorter duration; 6. We would like 
to bccorne an active member of the ECO project; 7. Morc programs of this nature 
. - .. -. - .- ..-. - 



Vijay 

From: 
Sent: 
To: 
Cc: 
Subject: 

vkaunni@THERMAXINDIA.COM 
Monday, December 18,2000 10:26 AM 
India-m-v-cg@egroups.com 
nexant@vsnl.com 
M & V TRAINING AT MUMBAI 

Dear Friends. 
It was an excellent training session that we had between the 5th and 8th of 
December at Mumbai. The overall interaction of the group was excellent and 
encouraging 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 & S.K.Vichare 
Thermax Energy Performance Services Limited 
Pune 



ECO PROJECT: COURSE EVALUATIUON FORM 

Course on Measurement & Verification Protocols for Energy Efficiency Projects 

6-8 December, 2000: Hotel President - Mumbai 

Dear Participant: 

We value your views on how you experienced this Course. Please take a few minutes to 
complete this form. - 

1. How would you rate this course for the content and structure of the course in 
meeting your objectives? 

Vny Paor Vcw God 

1 1 1 2 1 3 1 4 1 5  1 

Comments: 

2. The level of program material was? 

Comments: 

3. The usefulness of the material presented was? 

Comments: 



4. What was the level of knowledge of your Faculty? 

Vny Pwr V m  Good 

1 1 1 2 1 3 1 4 1 5  1 
Comments: 

- 
5. Were the Course Objectives met? 

No1 af all Exmdcd 

1 1 1 2 1 3 1 4 1 5  ] 

Comments: 

6. The percentage of time given to practicelpractical was? 

Toa iinlc Tw much 

Comments: 

7. The availability of equipment was? 

Vny Pwr Mwd 
Comments: 



8. How does level of skill achieved by yourself compare with your expectation? 

Lower Hiehcr 

j 1 / 2 1 3 / 4 1 5  1 

Comments: 

9. What is your level of confidence in regards to your use of the new skills? 

Low Hieh 

Comments: 

10. The Venue it self and other facilities at the venue were? 

Very Pwr Verv Good 

Comments: 

11. The Overall publicity for the course was? 

Very Pwr mood 
Comments: 



12. Which were the most valuable parts of the course for you? 
Comments: 

13. Which parts would you like to see improved? 

Comments: 

14. Overall, how would you rate your satisfaction with this course? 

Very Pwr &id 
Comments: 

15. Do you have any other comments or suggestions? 

Thank you for your help. 



ECO PROJECT: COURSE EVALUATIUON FORiiI 

Course on  measurement & Verification Protocols for Energy Efficiency Projects 

12-14 December, 2000: India Habitat Centre - New Delhi 

Dear Participant: 

We value your views on how you experienced this Course. Please rake a few minures to 
complete this form. 

1. How would you rate this course for the content and structure of the course in 
meeting your objectives? 

Very Poor Verv Gwd 

1 1 1 2 1 3 1 4 1 5  1 

Comments: 

2. The level of program material was? 

Very Pwr Vecv Good 

/ 1 ) 2 1 3 ! 4 1 5  1 

Comments: 

3. The usefulness of the material presented was? 

Limited Considerable 

1 1 1 2 1 3 l 4 1 5  j 

Comments: 



4. What was the level of knowledge of your Faculty? 

Very Poor Vew Good 

j 1 1 2 1 3 1 4 I 5  ! 

Comments: 

A 

5. Were the Course Objectives met? 

Not at all Exeecdcd 

/ i i 2 1 3 1 4 1 5  i 

Comments: 

6. The percentage of time given to practice/practical was? 

Too little Too much 

1 1 1 2 1 3 1 4 1 5  I 

Comments: 

7. The availability of equipment was? 

Very Poor V ~ N  G d  

1 1 1 2 1 3 1 4 1 5  i 

Comments: 



8. How does level of skill achieved by yourself compare with your expectation? 

Lower Hieher 

1 1 1 2 1 3 1 4 1 5  1 

Comments: 

9. What is your level of confidence in regards to your use of the new skills? 

Comments: 

10. The Venue it self and other facilities at the venue were? 

Very Poor Vew Good 

[ 1 1 2 1 3 / 4 1 5  1 
Comments: 

11. The Overall publicity for the course was? 

Very Poar Vew Gwd 

1 1 1 2 1 3 1 4 1 5  j 

Comments: 



12. Which mere the most valuable parts of the course for you? 
Comments: 

A 

13. Which parts would you like to see improved? 

Comments: 

14. Overall, how would you rate your satisfaction with this course? 

Very Poor l-ilm-+"iGwd 
Comments: 

15. Do you have any other comments or suggestions? 

Tlzatzk you for your help. 
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Monitoring & Verification 

of Energy Savings 
An Introduction 

INTESCO Asia Limited 
1 of 15 

Outline 

Energy Performance contracting approach 
to energy efficiency projects. 

Measurement issues 
Funding issues 
Need for a Standard 1 Protocol 
Development of India specific M&V 
protocol 
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I ESCOs - Energy Service Companies 1, 

ESCOs provide performance 
contracting solutions 

Typical PC approach 

Bill Bill . 
Before During After 

4of 15 



Common Issues 

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

- set-point changes 

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. 



*< 

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. 

7 of 15 

s: -I., 

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 / key personnel. 

8 of 15 



s- 
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. 

I 
I 

9of 15 

C1. := 
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 



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

Shift in baseline due to expansion1 
modernization . 
Preferring whole billing analysis and a 
simple M&V procedure. 

M&V Issues 
(commercial contd.) 

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. 



25% 
Funding issues 

M&V can be used as a tool for defining and 
controlling risks. 

A standard M&V protocol shall provide 
credence to financing ESCO projects 
giving greater confidence to financial 
institutions (as risks are mitigated). 

13 of 15 

~~ 4. - 
Need for M&V Protocol 

Tremendous ESCO opportunities. 
Concept new relatively & therefore long 
selling cycle. 

In the absence of standard M&V procedures 
and desire to shorten this cycle, ESCOs try 
to close deals with simple M&V. 

I 

140f 15 



m- 
Development of India specific 

M&V protocol 

IPMVP(Internationa1 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 

o w - m  h4.v- -I 

Outline 

Performance Contracting 
Financing 

M&V from Contracting Perspective 
M&V to Mitigate Risk 
Types of Risk 

How M&V Mitigates Risk and at What Cost 

o*Lllp-m *I"- - 2  



Perfofmance Contracting 

Provides energy and $ savings to customer 
Actual savings are-uncertain 
ESCO paid from savings 

Savings are often guaranteed 
How do we enforce guarantees? 

i 

PC Financing 

Before During After 
OX*Ulr*uonu.2(m LIlv- =.*a 



What is M&V? 
Contracting Perspective 

Tool for defining and controlling risk 

Risk mitigation (risk = need to verlfi) 

-Value of project 

- Uncertainty about savings 

Risk allocation between the parties: 
-Who is responsible for performance? 
-Who is responsible for achieving long- .,,-, term savings? H I Y - S * r ,  

M&V Mitigates Risk 

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

Buy what you need, 

get what you pay for. 

0LhllP-rm YliY-S&o 





Uncertainty Risk 

Case I :  Case 2: 

Savings. More Uncenanry Less Unceninty I 1 

Reduction in 
I 

Uncertainty 
I L 

Increasing M&V rigor and cost ($1 --> 
e*bllbUnunm U I " ~  - 9  

Performance Risk 

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

These are factors that the ESCO normally 
controls. 



Performance Risks 

Customer ESCO 

Equipment - X 
Performance 
Maintenance x x 

Operation x x 

oL*i*r-IOD V I Y h n r r . 5 ) 4 1 1  

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 

0Lhlr-m LUv- I*1 I 1  



- Usage Risk 

Customer ESCO 

Operating Hours - X 

Loads (occupancy, X 
production ...) 

Weather I 
1 
1 

Equipment Life x 

User Participation X 
olbllrr-m Ubv- YPil 

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 
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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 leam 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 
Reporl Section 
M&V 
Guidelines 

Utility & State 
Program M&V 
Guidelines 

Software & Building energy I Available tools that can be used to: model building ! 
Hardware simulation software and systems to estimate savings; track utility costs 1 

Case Studies 

Includes .:. FEMP 

IPMVP 
ASHRAE 14P 
.:a California SPC 

Central Power & Light 
NYSERDA 
Texas Loan Star 
Program I 
Californra SPC Program Example applications of M&V strategies. 
FEMP 
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i ( management I 
Other : Commissioning i Other resources that could be utilized when ! 
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I M&V GUIDELINES 
Several guidelines have been published on measurement and verification energy savings. Each 
of the Guidelines listed in this section are uniaue, 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/fem~/MVdoc.html. 

1.2 International Performance Measurement and Verification 

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 availablefor verifying savings from both 
traditionally- and third-party-financed energy and water efficiency projects. These guidelines are 
available at www.i~mv~.orol. 

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 
subject to 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/availdft.htm. 
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2 M&V GUIDELINES FROM CURRENT UTILITY & 

STATE PROGRAMS 
Many electric and gas providers in the U.S. offer incentive payments for verified energy savings. 
Each 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 Southem 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 
htto://www.sdae.com/business/. 

2.2 Central Power and Light 
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 $martSM 
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 the balance 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.ora/499~on.html. 

2.4 Texas Utilities 
Information on TXU Electric's Energy Efficiency Markets (TEEM) programs can be found at 
htto://www.txuefficiencv.cod. TXU Electric's two energy efficiency pilot programs are: the 
Air-Conditioner Proaram and the Commercial and Industrial Retrofit Proaram, which includes 
measurement and verification requirements. 
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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 Monitoring Proaram 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 leam 
from examples. 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.htrnl. 

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 
h~://www.eren.doe.aov/fem~/financina/ah~resources.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 & 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 leam 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.oro/seminars/. 

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

Determining Energy Savings From Performance Contracting 
Projects - Measurement And Verification 

October 3,200C-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.orgl. 

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 
L. 
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Water Resource Management 
How to assess. evaluate, resolve, and incomorate water efficiencv into Federal proiect- 
assessment, planning and implementation programs. Additional information is avaiiable at 
www.eren.doe.aovlfem~/resourcesltrainina/MOOO~ater.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 
www.eren.doe.aov/fem~/resourcesltrainin~em~trainina.html. 

5 TOOLS FOR DATA COLLECTION AND ANALYSIS: 
1 

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.aov/buiIdinasltools directowl and eande.lbl.aov/CBSleXroads/soft.html. 

5.1 Building Enersv Simulation Software 

BLAST 
BLAST (Building Loads Analysis and System Thermodynamicsj performs hourly simulations of 
buildinas. air handling systems, and central plant equipment in order to provide mechanical, 
energy-and architecturai engineers with acchate estimates of a building's energy needs. The 
zone models are based on the fundamental heat balance method, are the industry standard for 
heating and cooling load calculations. BLAST output may be utilized in conjunction with the 
LCClD (Life Cycle Cost in Design) program to perform an economic analysis of the 
building/systetdplant design. 
Available through Building Systems Laboratory, University of lllinois, 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 
httpY/gundog.lbl.gov/. 
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VisualDOE2.5 
VisualDOE is a graphical version of DOE2. Users can model complex buildings and HVAC 
systems. Provides results in graphical format. Software is available from Eley Associates, 142 
~ i n n a  Street, San ~rancisco;~alifornia 94105. Phone: 415-957-1977. fax: 415-957-1381, 
email: info@eley.com. htto://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 
potential energy-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, 
h~://www.sbicounciI.orql 

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 941 03, tel: (415) 972-5498, fax: (41 5) 1290, www.hvacexchanae.com~cooltools. 

Designed to evaluate performance changes when converting from R-1 l o r  R-12 to another 
refriaerant. Can also be used to evaluate chiller staging strategies and condenser & evaporator - - 
wat& temperature reset. Software was developed by the US &vironmental Protection Agency 
and is available at htto:llwww.eoa.aov/buildinaslesbhomeltoolslsoftware.html. 

Market Manager 
Simulation software using standard ASHRAE algorithms that allow modeling of building 
systems, sub-systems, and components. Appropriate for use with IPMVPIFEMP Options C and 
D. 
Available through SRC SYSTEMS, INC., 2855 Telegraph Ave., Suite 410, Berkeley, CA 94705, 
tel: (510) 848-8400, fax: (510) 848-0788, www.src-svstems.com. 

5.3 Utility Cost Mananement Tools 

Energy Accounting: A Key Tool in Managing Energy Costs 
Energy accounting is a system to ricord, analyze and report energy consumption and cost on a 
regular basis. This downloadable guide will discuss some of the reasons for energy accountjng, 
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/reoorts/efficiencv handbooks1index.html. 

FASER 2000 
Tracks. analvses, and reDorts utilitv billina data. as a result detects billina and meterina errors. 
ident~fies ele'ctrical and mechanicai problems, and highlights cost sav~ng-o~~ortunitie< 
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 

MFTRlX 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 throuah SRC Svstems Inc.. Suite 410. 
2855 Telegraph Avenue, Berkeley, California 94705, teleph&e (510) 848-8400, facsimile (510) 
848-0788 or www.src-svstems.com. 

5.4 Tools for Data Aauisition and Mananement 

Abacus 
Provides wireless meter information that can be used to detect abnormal energy use and 
assess the im~act of measures immediatelv. Use could include monitorina for IMPVPIFEMP 
Options B and C. 
Available through Ameren (abacus.amerren.com). 

ARC Systems 
Complete line of compact lnformation 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 
IPMVPIFEMP Option A, B, and D. 
Information is available at www.acrsvstems.comlmenu.htm. 

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, 8, 
and D. 
Available through Field Diagnostic Services, Inc., North American Technology Center, 680 
Jacksonville Road, Warminster, PA 18974, Tel: (215) 672 9600, Fax: 1215) 672 9560, 
www.acrx.com. 
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Analysis West 
Analysis West is a manufacturer and distributor of energy monitoring and software products for 
enerav and HVAC orofessionals. Runtime Datawatcher dataloaaer records the runtime of fuel- 
firedxeating systems, including hard-to-measure water heatergand millivolt heating systems. A 
separate sensor allows the unit to also log motors, air conditioners and other electrical 
aooliances. UP to 11 months of data can be stored in the logaer. Digital Power Meters allow 
you to measure the true power consumed (Watts) by plug-i<lectri&l appliances and lights. 
Total kilowatt-hours used over an extended monitoring period are also recorded. 
lnformation is available at www.eneravtools.com/. 

Architectural Energy Corporatbn 
Architectural Energy Corporation's (AEC) Mic ro~ata~ogger~  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 Enf~rma'~ 
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 D. 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 power 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.ccontrolsvs.com/. 

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

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

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

MeterTeck lnc. 
Data collection and management, including services, hardware, and software. 
lnformation is available at www.metretek.coml. 

Onset Computer Corp. 
Onset offers over 70 models of miniature data loggers and logger/controller engines. The 
popular HOBO & StowAway loggers, paired w i th -~ox~ar  ~ r o i o h a r e  for windows, allow you to 
quickly and easily record temperature, relative humidity, light intensity, lighting run time, rainfall, 
AC current, DC voltage, motor onioff, light onloff, open/closed 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 & 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 IPMVPfFEMP Option A, B, and 
D. Available through Pacific Science and Technology, lnc., 64 NW Franklin Ave., Bend. OR 
97701, tel: (541) 388-4774, fax: (541) 385-9333, web www.pacscitech.coml. 

Forecasting of energy use by load using predicted 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. 
lnformation is available at www.psi-kc.com/htrnVproducts/flow.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.edu/software/software.html 

TImeFrarne 
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) 57618067, 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 intermittently operated electric device and a remote register of a utility 
meter. 
Information 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 I on Commissioning 
Guideline 1-1996 - The HVAC Commissioning Process describes the commissioning process 
that will ensure heatinq, ventilating and air-conditioning (HVAC) systems perform in conformity 
with design intent. ~o iument  is available through w&.ashrae.oral for $32.00. 

6.2 DOE Building Commissioning 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 reiease 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/fem~/techassist/bldacomad.html. 
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6.3 NEBB Procedural Standards for Buildinq Systems 
Commissioning 

This publication contains uniform and systematic procedures for the commissioning of building 
svstems develo~ed bv national and international NEBB commissionina firms. In addition to the 
general proced;res, 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.ora1 for 
$52.00. 

- 
6.4 Predicting and Verifving Energy 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 Eficiency In Buildings Proceedings. It can be ordered 
through www.aceee.ora/~ubs/~an398.htm. 

6.5 The Energy Efficient Project 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 
httpJlwww.ornl.gov/EFPlefp.htm. 

's Schiller Associates Page 14 
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I. What Is Measurement 
and Verification? 

OScbnlb AsmaxcslCCa P v l l  Sl&I  - 

What is M&V? 
Contracting Perspective 

I I I H 1 H l 0 8  

r Tool for defining and controlling risk 

R i s k  mitigation (risk = need to verzfi) 
- Value of project 

- Uncertainty about savings 

Risk allocation between the parties: 
- Which party is responsible for EEM performance? 
- Which party is responsible for achieving long-term 

savings? 
ewillcr-lam P v l  l Slidc2 



What is M&V? 
Engineering Perspective 

m 111.1a8103 

 measure energy use before and after 
installation of EEMs 

w Veriify that EEMS continue to perform 
and generate savings 

~Quantiify energy savings by com- 
paring before and after energy use 

~ l l " ~ u t ~ l r n  Rnl S l l d r l  

Uses of M&V 
1 1 1 . 1 1 B 0 3  

w Determine energy savings 
w Integrated with commissioning can provide 

feedback on performance of EEMs 
w Long-term feedback for ongoing fine- 

tuning of EEMs 
w Documentation for evaluating (and 

justifying) future EEMs 
w Research 
*s&l l "MwcuV12rn P".l Sl ldr4  



- 

FEMP M&V Guideline 
1 1 1 . 1 1 1 9 0 8  

.Manual for federal energy projects 

Step-by-step procedural guide 

Def ines  M&V methods 

.Next update 812000 (Ver 2.2) 

eScbulln~-i.lp 2WO P.n 1 Sli&S 

M&V Terminology 
I I I B I B I B 1 0 i  

Baseline (may increase or decrease) 

Performance 

aYhil1.r-a 2aa Rnl S1a6 



Savings Cannot Be Measured! 
~ ~ 1 . 1 ~ 1 0 1  

1 Savings are determined by comparing: 
- Post-retrofit energy against 

- Baseline energy use 

w The baseline may need to be adjusted, 

OScDills *ua,.m lca P u l  1 Sli* 7 

Two Components To 
Measurement and Verification 

r 1 1 1 . 1 H 1 0 0  

Verify potential to generate savings 

Determine savings 

lQb i l ls *uaurs lm0 Rn I Sl ibl l  



Performance 
I I I I . 1 B d 0 !  

Example: Tune-up 

Potential to Generate Savings: 

Before ->> Tune-up ->> After 
25 mpg 50mpg 

Savings: 
Savings determined by miles driven per year 

OYbrllaA-lun 2WO Rn l S1&9 - 

Good M&V Design Requires 
m I I . I H i o a  

Deciding how both potential and actual 
savings will be determined 

Deciding how to balance: 
- Accuracy and repeatability (rigor) of the M&V 

- The cost of the M&V 

m~b,11r*u(aunm Put  I St,& 10 



Identify 
Goals and Ob'ectives 

I m I I I I . I ! 4101  

H Define the M&V goals 

d 
Define the value of the project and the value 
of the M&V goal --how accurate of a 
result is needed 
- Do not spend $10,000 to estimate the savings 

on a $20,000 project 

O W l l l 0  AuorUullOW Pln 1  Slld. I 1  
L 

Identifv U 

Goals and Ob'ectives (cont.) LI.....I*DI 
H Define resources available in terms of time, 

money, people, etc. 
- A complex but incomplete M&V effort is rarely 

better than a simple but completed effort. 

P.n I Sl,& I1 eS&lln-a 2OW - 



M&V Implementation 
Procedures 

1 1 1 . 1 B R U !  
M&V activities can be divided into the following tasks: 

w Define a general M&V approach 
w Define a site-specific plan for the particular project 
w Define pre-installation baseline 

Define post-installation situationlenergy use 
Calculate energy savings for the first year 
- For a performance contract, calculate first-year payments 

Conduct'annual M&V activities 
- For a performance contact calculate annual payments 

aYbrll.r*uorutalWO Rn I St,& I3 

Requirements for a Project-Specific 
M&V Plan 

I m 1 1 1 . 1 H 1 0 1  
a State which option and method will be used 
a Indicate who will conduct the M&V 

a Define the details of how calculations will be made 

Specify the metering (points, period. analyses and metering protocols) 

Define key assumptions 
a Define the level of accuracy 
a Define how baseline adjustments will be made 
a Define how quality of service will be verified 
a Define any sampling that will be used (accuracy) 

Define quality assurance methods 
a Define reporting contents and schedule 

awi~!~*uorha zm ~n I S I ~ &  14 



M&V Issues 
m 111.18810i 

fl Defining the baseline and keeping it up to date 
fl Accuracy and uncertainty 
fl Selecting the variables to meter and monitor 
fl Data logging options - 
fl Length of metering/monitoring period 
fl Energy costs 
fl How much M&V is enough 
fl Costs ofM&V 
fl Sample.sizes 

1 

OSdulln-,.la 2 m  Pvr I Sll& 15 

Defining the Baseline 
I I I . 1 B l B 0 3  

Are existing conditions at facility stable? 
- Operating conditions (e.g., occupancy) 
- Maintenance 

Is the load variable or constant? 
Can variables affecting load be identified? 

How long does the baseline have to be 
measured? 
What is the term of the contract? 

S E L h r l l n ~ a  a2OOO Rn I S ' d  16 



Adjusting the Baseline 
I I I . 1 H I 0 1  

Most baselines are not really constant and thus 
the baseline is usually defined as a model 

Define (before the fgct) what influences the 
baseline and when will it be modified, e.g.: 
- Typical vs. actual weather 
- Typical vs. actual occupancy 

Define how baseline will be adjusted, if at all 

mYbi11a lcca P u l l  Slik 11 

What You Think Will Happen 
The next few slides are from: Roben Sondreg~er, SRC Systems Inc. 

Installation Perkd 
1.ciM.ooo - 
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What Really Happens 

= 
i g ! i w e m :  per~ormance PMO~ 

J & P ~  J ~ F W  JuLW I I  O i  
Jiul-95 Jut-95 Jan% 

Plug Creep 
1 1 1 1 1 1 8 0 8  

M&V challenge -- moving target! 
Significant upward trend 



Verifying the EEM's Potential 
to Generate Savings 

w Were baseline conditions accurately defined? 
(Were proper equipment/systems installed?) 

Are the systems peribrming to specification? 
(Do systems have potential to generate 
predicted savings?) 

w Is there continuing potential for savings? 

Baseline and Post-Installation 
Conditions Are Verified Using 

m m i m a B n m u O Q  

a Inspections 

a Spot measurement tests 

Commissioning activities 



Savings Are Determined Using 
I I I I W B R @ 1 0 8  

Agreed-upon stipulations 

Engineering calculations 

Metering and monitoring 

Utility meter billing analysis 

Computer simulations 
(example: DOE-2 analysis) 

SSlhrllcr~UiCI 2WO ?,"I Slidrl 

Rate ScheduIes 
Ill W I H I O Q  

Different fuels 
m Block structure (e.g., $0.09/kWh for the 

first 1000 kwh, SO.OS/kWh for next 1000 
kwh, etc.) 

m Different tariffs by time-of-use 
Demand charges 
Billing demand + Metered demand! 
Ratchets, billing credits, misc. charges ... 

4Ecbrlla *uoolm 1mO Pvl l 51.6.26 



I Define rate structure and how it is calculated I 
Determine what factors are required to calculate 
bill and thus what must be metered (and at what 
intervals) (example: motor soft start) 

Account for changes in rates (or rate schedules) 
in presenting results 

I 

Four M&V Options 
I I I B ~ B R I 0 ~  

Four M&V options defined in the 2000 
FEMP Guidelines. 

No option is necessarily better or 
morelless expensive than another 

Each M&V option is applicable to 
different situations 

e%lla*la lml Prn 1 SIb&18 





Option A 
mmmmwmI~iO! 

W Projects where verifying the potential to generate 
savings is the major concern (or the risk to be 
mitigated) 

w Actual energy or cos~savings are not verified; 
they are predicted using engineering or statistical 
methods that may involve spot or short-term, but 
not long-term measurements 

w Option A includes primarily verification 
activities and updating/improving estimates used 
in a feasibility study 

m W , l k r ~ v i s  la0 Pvr l  Sldc3l 

Option B 
m I m I M I m ~ 0 1  

w Projects where actual savings during contract 
need to be determined 

W Involves long-tern measurements 

Savings are determined by end-use 

A Retrofit Isolation method 

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

OScblllolluowla2000 Pvr I 51&31 



Option C 
1 1 1 . 1 1 1 0 3  

Projects where actual savings during the contract 
need to be determined 

Utility whole-facility meter analysis 

Savings are determined by whole facility 

Same procedures as Option A plus measuring 
actual energy use during the term of the contract 

OWdloAUo;#lta ?MO Pan l SI8hll  

Option D 
1 1 1 . 1 B B 0 3  

Use of a calibrated simulation tool to estimate 
before andlor after energy use 

w Simulation for a whole building or just an end- 
use 

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

Calibration is done by: 
- L i n g  simulation inputs to actual operating data. and 
- Comparing the simulation results w~th end-use or whole building 

data 

O S c t u l l o ~ u i ~ I m  Pvl l SlldEY I 



comparing Options 
I I I B U U B 0 8  

1 Option A: Verifying potential for acceptable 
savings 

Options B and C: Measuring actual post- 
installation energy use 
- Option B - by end-use 
- Option C - whole building 

Option D: Calibrated simulation - perhaps a 
hybrid of A and B or C 

Owl lc r -~  2MO Pul l sldr 35 

Example Lighting Project 
M&V Option A 

I I I B I t 3 8 0 3  

Baseline is 100 watt light bulb and new lamp 
is 25 watt compact fluorescent 

s Wattage verified by "nameplate data" 
Assumed operating hours are 3,000lyear: 
- Prior study 
- A week or two of monitoring 
- Estimate by owner, etc. 

Calculated savings are 3,000 x (100 - 25) = 
225 k W y e a r  

OYhilkr lMO P u l  l SK&36 



Example Lighting Project 
M&V Option B 

1 1 1 . 1 8 1 I 1 i  
rn Baseline is 100 watt light bulb and new 

lamp is 25 watt compact fluorescent 
Wattage verified by "nameplate data" 

rn Measured operating hours are 3,150 per 
year , 

w Calculated savings are 3,150 x (100 - 25) = 

236.25 kWhJyear 

IOS&llS*uoNlcrlOW Pull S P h J 7  

Example Lighting Project 
M&V Option C 

U 1 1 1 . 1 ~ B 0 0  

Baseline utility bill (adjusted for post- 
installation conditions) is 1,250 k W y e a r  

Post-installation utility bill is 1,000 kWWyear 

Savings are 1,250 - 1,000 = 250 k W y e a r  

OQhlleUlon*ta TWO Pul 1 Slidc38 



Example Lighting Project 
M&V Option D 

1 1 1 . 1 a 8 1 0 1  

H Input information on lights and HVAC 
system into simulation program 

H Calibrate model with meter data 

H Model predicts pre- and post-installation 
lighting and interactive HVAC energy use 
for determining savings 

e ~ l l s A ~ a t n 2 W O  PM I SlldC39 

Accuracy and Uncertainty 
1 1 1 1 . 1 8 1 0 9  

Sampling accuracy 

H Measurement accuracy 

Human accuracy 

H Repeatability 

BSFblller *-iatcs 2WO PM 1 StidCa 



Selecting the Right 
Variables to Measure 

I I I . I I 8 0 3  

W Many factors affect the savings from an EEM, 
but which will be measured or tracked 
determines accuracy, costs and frustration 

W Define the factors; document why some are 
measured and some are not 

m Consider tests and tracking of conditions that 
are not metered 

O ~ I k * w a u c r 2 W o  Rnl Sldedcrl 

How Much M&V Is Enough? 
m w m m ~ r n a m ~ ~ ~  

C 
0 - " 
o 
C - - 
0 
0 a - 
3 

Incremental certainty - I 

value of improved certainty 
iue of improved certainty >cost of improved MaV 

<cost of improved M&V 

Cost Balance point 
of diminishing returns 



M&V Costs 
111.1~101 

w Option A: 1% - 5% of project costs 

4 Option B: 3% - 15% - of project costs 

w Option C: 1% - 10% of project costs 

Option D: 3% - 15% of project costs 

w Using different levels of accuracy and risk 
avoidance can be the basis for differences in 1 
M&V costs, project pricing, and financing I : 
rates 

OSIPulln -,.I- 1m Rn l S1lde.l i 

Break and Time for Questions 
1 1 1 M B H i 0 8  
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Using Measurements - 

Lighting Measurements 

Lighting (Options A & B) 

- Lighting Levels 

- Sample Sizes and Criteria 

- Operating Hours 

- Fixture Powers 

- Savings Calculations 

o*tCr-m 



Chiller -Plant Measurements 

Chiller Plant (Option B) 
- Chiller Theory (water chiller) 

- Performance Curves 

- Monitoring: kW, tons, OSA, WB 
- Savings Calculations 

I 

O S n l l p * u r - s a  m w  -3 

Boiler Plant Measurements 

Boiler Plants (Options B & C) 
- Efficiency Measurements 

- Performance Curves 

- Savings Calculations (Option B) 
- Regression Modeling 

- Weather Adjustment 

- Savings Calculations (Option C) 

oala-am M8"aJ.l 
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Lighting: Usage Groups 

Need to define usage group by functional 
use to determine operating hours. Ex: 
- Office 

- Residential 

- Storeroom 

- Safety (2417) 
- Exterior 

Lighting: Levels 

Lighting levels should be measured before and after retrofit. 

I Usage 1 Typical Levels I 
1 Data Processing 1 100 FC 1 

I Cafeteria / 30 FC 1 
I BUR Storage ! IOFC 1 
/ Parking Lot ' IFC 1 



Lighting: Usage Groups 

Need to define precision and confidence 
criteria for each group 

Need to determine-sample size 

Need to assess whether precision and 
confidence criteria were met. 

olh,l.r*uwm b N E * l  

Lighting: Usage Groups 

20% precision at 80% confidence typical. 
(Z = 1.282, P = 0.2) 

Coefficient of variance assumed to be 0.5. 

.. - .- :..* - . <. .? . y q v  ~ d & ; ~ j c l & ~ ~ * =  4 
:.C-~-2&, &,&q -=-.---.. A.- . - 0 3  !(assumed). mvj43 .- .=7,. 

--.3 
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Lighting: Sample Size (C, = 0.5) 

More precision requires more samples! 

oL*Yli-m snl" -*'I 

Lighting: Operating Hours 

Use run-time or TOU loggers for 2-4 weeks 
minimum to track usage. 

Measured usage determines annual hours 
for each usage group. 

Check measurement precision to see if it 
meets criteria. 

0IQIb-m s n I Y y . * I O  



Lighting: Fixture Power 

Measure fixture powers by type. 
- # of lamps and ballast 

Can measure multrple fixtures on one line. 
Can use VA measurements, true power 
preferred. (Ballasts have power factor) 
Power = V * A * Power Factor 

Lighting: Typical Fixtures 

- 

This is an excerpt from the Southern California Edison lighting table 
used for the Standard Performance Conmcting DSM program. 

0ldrllrr-m P..WB*l2 

RXNRE WMP LILWI W A l T I  WATT/! 
CODE CODE DESCRIPTION B U T  FOCT LAMP FOCT 1 

Fb racenr  (2) 48: T-8 hmp, Rapid 
F a x  B2T8 Swn B&sr h7.O (BF: .SE.951 Ekmnic 
F G E  F a 1 2  Fbrrrcenr (3)a:STDhmp W E S  3 5 
F43EE F ~ I ~ I F S  Faaraccn~ (3)48: FS hmp W E S  3 3 

F b r a c e n r  (3) W. T-8 hmp. Rapid 
F43LL F3m S m  Baht .  hW(BF:.85--95) Ossmnic 3 32 93 
F44SE 
F* - 
F44U 

F40TIZ 

HEL?&X 

F32T8 

--,!W?ar(41.~.STD-@+.-- 
- - ~ m ~ c u u . . e ) ~ . u ; ~ ~ .  
R o r ~ c e n r  (4)J8: T.8 hmp. Rapd 

Swn m r  h W m F :  .85-,951 
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-N!sES 

m 
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2- 

4 

-3- 
-Y_- 

32 

IT?- 
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Lighting: Savings Calculations 

Chiller: Plant Diagram 



hiller:  Theory 

/ Chillers are variable load devices. 

Primary influences are load fraction and 
condenser water temperature. 

CWR temperature influenced by weather 
conditions and tower operation. 

Chiller: Performance Curves 



Chiller: Calculating Performance 

Need to calculate chiller curves 

Chillers rated in kW/ton of cooling 
- 1 ton = 12,000 BTCT/h (- 1 window unit) 

Old chillers: 0.7 to 1.2 kW/ton 

New chillers: 0.5 to 0.7 kW/ton 
~,-..- -?<.S ~.y,:<+;;~~q~$~$::~~;q:.;~%+-~y&;;;;g . ... \ . . --. - . --7 $@?@.I: . ~* :~lr.r=j.Chilled w@er.supply :~;-~.Chrlled Wnrerreem ., . - .  
t o n : o z n g  -.. -. . - - - . . . . . . ;; . .-:7,.. -.~ --..-:-5...:.::z. ?<:-?+=:: -::.7::.- . . . - .. .,-..>. ~... _. -c _.--. ..., ~ . > - . -  . . .  .. ( . - ....-2..2-.-:: a,2.-tz+>:*<<.!&L :--= :=:- .., -2----;s<== >&.>-< 
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Chiller: Estimating Savings 

i 
Baseline and New Chiller Perfomwe C w e s  

! 
I IW, 

/ - 80 E C W  ! 

! - - New Chiller at 80 E C \ T  i 
-. _--- 

performancc curve. s l q  3: Clhrlue ___------ raving fmm 
differenrt. 

Step L: M- mabq k d  and 
new chikr demand 

0 ! 
i 10 44 60 80 tm ; 
! 

Cwling Load 
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Boiler: Theory 

e 
Water ur Steam 

lost heat 4 

\ 
Water 

Fuel & air 
ow!..-m 

Hot exhaust 

- 

Boiler: Theory 

Boilers provide either hot water or steam for 
heating. 
Combustion (flames) heat water in tubes to 
produce hot water or steam. 
Energy source is #6, #2 oil or natural gas. 
Efficiency determined by amount of steam 
produced per unit of fuel. 

OS&I*r-2011 P n N U W  



Boiler: Measurements 

Boilers are variable-load devices. 

Efficiency decreases with decreasing load. 
- 

O % U I T m m  MI" Da:, 

Boiler & Furnace Performance 

I B o B t r E m c k q  

- - m r i  -- N c r  m r  

S~cp lUwnnnmhl l -dd leee  ----- 

m u  

1 0 %  25% 50% 75% lm 

I bad 
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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 

. .... 

1 . 



ECM Characteris tics 

Install VSDs on fan motors to provide: 

Savings by more efficiently controlling fan 
speed 
Better process control by making it easier to 
change ventilation rates 

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 k W  as a function of air flow. 
- Measurements showed constant k W  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. 

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 or flow (the dampers 
leaked). 

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



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. 

Table 1. Baseline Fan 
Load Information 
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Data Monitoring 
VSD has a power output indicator, but it is not accurate. 

Speed was a direct indicator of kW. 

VSD could output s p e e d ( ~ z )  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 drivelmotor was monitored continuously. Every 15 
minutes, the frequency was recorded. Data were 
converted to kUTh using calibration curve. 

Figure 1 : VSD Calibration Curve 
F r n l : s I . p h F . ~ 9 O l b n W  

. . . . .  . - . .- ~~. - 
, s*-* '--"-" I '  

-tw+-* BCi 

1 

M kW - 
0 I0 20 )O 40 50 b0 :a 

a * r w . H I  



Baseline- and VSD Calibration 

Contractor calibrated data loggers with 
factory calibrated and certified meter. 

Owner spot checked the contractor's 
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: Industrial Sector 

New Regenerator for Milk 
Pasteurization Process 

- 

Project Goals and Objectives 

Reduce energy use (kwh) and demand 
(kW) associated with mechanical cooling of 
processed milk. 

Anticipated savings: 53 kW and 
230,000 kwh. 

M&V Goal: Verify energy and demand 
savings (kW & kwh) for utility incentive 
payment. 



Facility Description 

Dairy processing facility in Colorado. Built 
in 1959. Manufactures milk, ice cream, and 
yogurt. Also blow-molds milk jugs on-site. 

Pasteurizer uses high-temperature short- 
time processing to sterilize milk. 

Regenerator replaced with higher-efficiency 
model to recover more heat, thereby 
reducing cooling load. 

Measure Characteristics 

New regenerator would recover more heat 
from pasteurized milk. Reduces need to heat 
incoming milk and reduces need for 
subsequent cooling. 

Project expected to cost $100,000 
(Rs 3.8 million) and save $10,000 
(Rs 380,000) annually. SPB = 10 years. 



M&V Approach: Option A 

To determine savings, short-term 
measurements were made of flowrates, 
temperatures, and operating conditions. 

Savings a function of production only- all 
other parameters are fixed. 

Option A (stipulations with measurement) 
seemed appropriate for this measure. 

Required Information 

Milk Prodction 

Flowrate, literslmonth bottled. 
Temperatures and temperature setpoints. 

Equipment 

Chiller performance (COP) 

Boiler efficiency 



Measurements Taken 

Temperatures at outlets of regenerator 
(T2, T4) - 
Milk fl owrate (Llmin) 

Assumptions 

Milk flow rate is constant. 
Milk specific heat is (3.9 Hlkg OC) 
(ASHRAE Fundamentals Chapter 30.3 - Thermal Properties of Foods) 

Milk density is 1 Kg/L 
The COP of the chiller plant is 3.0. 
(based on manufacNrerSS data for design point operaling conditions 
averaged for all of the refrigeration system's existing compressors.) 

Boiler efficiency is 80%. 
@as& on IYIanufacNrer~' specifications) 



ÿÿÿ roach and Data Analysis 

Baseline is current equipment performance. 

Baseline will be adjusted for production. 

Savings will be calculated as: 

kWsaved = kWpre - kWpost 

kmsaved = kmpre - kW%ost 

GJsaved = GJpre - GJpost 

High-Temp Short-Time Process 

Hot Water from 
TI T2 Boiler - 

T3 
reggnem&r - 1 

1 
1 
I 

%=k= " 

L 
Milk at 80 OC for 15 seconds 

Glycol to Sweet Water lo 
Chiller 2 Chiller 1 



Relevant Parameters 

Base Case New Condiions Unir 
Mia Fbwrale 33.000 24.OW L:Hr 
TI  (fmm $toragel 2.4 a.4 C 
l2 (from regenerator) 73 75 C 
T3 (fixeb from healer1 80 8 0  C 
14 (from regenerator) 10.5 8.9 C 
T5 (after coohng rlage 1) 4.4 4.4 C 
T6 (fixeb =Her cooltng s l a p  21 1.1 1 1  C 
mI Water Fvlwrale 1 .MO 704 L'mn 
h W  Enlenng 81 81 C 
hW Leavang 78 78 C 
Sweet Waler Fbwrale 660 418 Umn 
SW Enlenng 1 1 C 
S w  ~eavlng 5.5 5.5 C 
Wcol Fbwrale 535 565 Umn 
G Enlenng .3 .2 C 
G Leaving 0.6 1.1 C 

- 

Governing Equations 
Chiller demand . 
is found as: V X P  X C ~ X ( T ~ - T ~ ~ )  kW= - . . . cop 

.. . .~ 

Chiller energy 
- -  - v x p  X C ~ X ( T ~ ~ - T ~ ~ )  

use is found as: k w h  = COP 

. ~. .- .. - 
Boiler energy GJ :--.::.{~&J&x =. - - . . . .  p  i T ~ p , - x E z j y ) -  

~ . .. ~. 
use is found as: 4,.&-:z7;:::.? ?. %---: /i . 

,,.>s : -s..... - ~ -.,::,.. gf .. :.:+?=y~.L~. ..- -. . . . . ~ . ~  ~ . . .  . . 
.a -- .-A - -- . .,--.. . - - 

- 



Results 

HOW per yea, 4.355 - 4.355 4,355 H M ~  
Coolbrg Load 336 244 203 42 kWmW 
COP 3 3 3 
C m r  Demand 112 81 68 14 k W e k D i S  
CNller Emrgy Use 487.833 354.787 294.398 60.389 kwh 
Coot ($O.OWh + s 1 ~ l r n o )  $30.765 522.375 $18.566 $3.808 
Hea6ng Load 3.923 2.853 2.038 815 W 
Be'klr Ef l i i ieq 60% 80% 80% 
H s a 6 ~  Energy Ure 4.904 3.567 2.548 1.019 GJ 
Cost (Sa.7SIW) $23295 $16.942 $12.101 $4.841 
Tom1 Cost SavRg* 18849 

Conclusions 

Savings a little short of original estimates, 
but justification exists for values. 

Since many parameters are fixed, only a 
few values need to be monitored. Savings 
most heavily influenced by production and 
T4 (temperature prior to cooling). 

Option A appropriate for project size and 
type. 
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IPMVP - a quick recap 

Why measure & verify? 
Benefits of M&V A 

The key to unlocking the potential for 
energy efficiency world-wide is securing 
financing. 

M&V provides confidence needed to secure 
funding for projects 

&??3 - 
IPMVP - a quick recap (contd.) 

What does IPMVP provide? 
Helps in selection of M&V approach that 
best matches project cost and savings 
magnitude, risk allocation 



Suitability & Applicability 

Basic Concept 

Options A,B,C & D 
The M&V costs and the associated benefits, 
risk value of stipulation would enable 
choosing between Option A & Option B 

= - 
Best Application Situations 

Retrofit Isolation with energy efficient 
design- Option A 

control system projects - Option B 



2gg;z 

Issues 

Measurement Intervals 

Boundary line - 
Inaccuracies in base-line data 

Uncertainty Versus M&V Costs 

Financial Institutions prefer minimized 
risks, even if M&V costs are more. 

s- 
Measurement issues 

Measurement techniques 
Calibration 

Data Collection errors 

- 



m. - 
Case Example: Industrial 

- 
Compressed air system efficiency 

Improvement through a control system in a 
textile mill (spinning & weaving) 

- 
-'. 

Project Goals & Objectives 

Project Goal: Obtain energy cost savings in 
the compressed air system by installing a 
control system 

M&V Goal: To measure and verify the 
savings 



*-:. 
-. 

Facility Characteristic 

Spinning & Weaving mill 

Compressed air largely (over 85%) used in 
air-jet looms for weaving 

Production monitored as lakh metre of cloth 

Energy meters available for the centrifugal 
air compressors 

-s 
System Description 

Install a control system located between the 
compressor and the end-use location 



-- 

ECM Characteristic 

Artificial demand reduction as cfm load on 
the air-compressors achieved by designing a 
system with adequate storage capacity, set- 
point end-use pressures reflecting as kWh 
savings. 

S? - 
Data Products & Output 

Information Required 
Verification 

Energy consumption in air-compressors 
Determination of Savings 
Energy use in air-compressors base year & 
post-retrofit brought to same conditions by 
relating k W h  to production 

I 
I 
I 



*-: 
-- 

Approach Data Analysis 
Procedures & Algorithms 

cfm/hp stipulated as compressors remain 
same during base year and post-retrofit - 
conditions 
cfm measurement difficult & expensive 
kwh meters & production as lakh m 
available. Spot measurements done for kwh 

System boundary line Compressor motor 

- 

:=: 
Approach Data Analysis 
Procedures & Algorithms 

Base year consumption - kWMakh metre of 
cloth 

New addition of looms during post retrofit 
is taken care of by kwh-production ratio. 

Subsequent to implementation, during post- 
retrofit, the lakh metre of all clothes is not 
similar in terms of compressed air use was 
brought to notice. 



-- 

Non-routine Adjustment 

Production in the shop-floor is monitored as. 
million picks per day for which purpose, 
compressed air is used in these looms. 
The energy meter data is logged for each of 
the compressors on a daily basis. The 
kWMakh metre of cloth was changed to 
kWh/MPPD (million picks per day) & base- 
line conditions also drawn up in same way. 

Results 

The approach led the plant monitor the 
savings on a daily basis. 

The overall consumption came down by 
4600 kwh a day 
from 375 kWh/MPPD to 329 kWh/MPPD 

(MPPD-Million Picks Per Day) 

It also provided flexibility in terms of 
monitoring on weekly or monthly basis. 



Case Study: Commercial Sector 

Large Office Lighting Efficiency 

- 

Project Description 

Lighting upgrade project at large office in 
California. Equipment installed included: 
- T8 fluorescent lamps and electronic ballasts 

- Occupancy sensors 

g s  
4 4- 

.- 



Project Goals 

Achieve 192 kW of demand reduction and 
1.1 million kwh in - energy savings. 

Receive utility incentive payments for three 
years to reduce project cost. 

M&V Approach 

M&V approach set by utility company. 
Monitoring fixture operating hours for three 
years (Option B). 
Monitoring precision set by utility company: 
20% precision at 80% confidence. 

Fixture powers set by utility company- no 
power measurements taken. 



M&V Procedures 

Take fixture inventory and identify the last 
point-of-control (switch). - 
Identify non-operating fixtures. 

Use approved lighting table to determine 
fixture power. 

Identify usage groups. 

FKWUE 
CODE 

F43U 
F44SE 
FWEE 

Typical Fixture Powers 
LAMP 
CODE 
F m I 2  

F m l m  

DESCRIPTION 
F h r r r c m ~  (2) 48'. STD lamp 
F b m c m r  (21 48-. F3 lamp 

FLnrrrseor (2) 48'. T-8 lamp. Rqid 
Stan B U L  hZa (BF: .85-.95) 
FLarcrccnr (3) 48'. STD lamp 
FLarsscm~ (3) 48'. FS lamp 

Rorscent. (3) 48'. T-8 lamp. Rqid 
Stan B U L  NU) (BE .85-.95) 
W r c r c m ~  (41 48: STD lamp 
FLarss~enL (41 48'. ES lamp 

FLarcrear (4) 48-. T-8 lamp. R q i l  
Stan B*L ivLO (BF: .85..95) 

BAUAST 
W E S  
%.ES 

This is an excerpt from the Southern California Edison lighting table 
used for the Standard Performance Contracting DSM program. 



Need to define usage group by function to 
determine operating - hours. Examples: 
- Office space 
- Conference room 

- Storeroom 
- Safety (fire stairs, exit signs, all other 2417) 

- Exterior 

Sample Size 

Need to determine sample size for each 
usage group based on population and 
precision criteria. 

If coefficient of variation is not known, 
need to assume value. Use 0.5 for office 
lighting. 

srd. dev. of hours C' = = 0.5 (assumed) 
average of hours 



Detemiining Sample Size 

20% precision at 80% confidence required. 
(Z = 1.282, P = 0.2) - 
Initial sample size is: n= 

z2 c,Z 
4--p.z - 

- -- 
a After adjusting for ( ~ n )  

population size N: n = (N + n)  

1 

Sample Size Table (c, = 0.5) 
Precision 

Confidence 
Z-Statistic 

Population Size, N 
20 
50 
100 
200 
500 

infinite 

20% 20% 10% 
80% 90% 90% 
1.282 1.645 1.645 

Sample Size, n* 
8 10 16 
10 13 29 
10 15 4 1 
11 16 5 1 
11 17 60 
11 17 68 

More precision requires more samples! 



Initial Sample Size 

h n u a l  
Usage Sample Houn kWhSaved 
-UP U s e  kWsaved Population Ske (err) (ert) 

A open Office 16.1 S 8 4,050 65205 
AS openwl S e m r  34.8 145 11 4.050 193686 
B Privdle Office 15.9 25 8 4.050 64395 
BS P b l e  wl Swmr 84.8 622 11 4.050 484.466 
C Utility 6.9 33 9 2.013 13.890 
CS MlwlSemr  2.7 16 7 2.013 7,690 
D EfiVEmergency 2.3 30 9 8.760 20.148 
E Hah'iays. Stairs. Resmms 26.1 54 10 8.760 Z8.636 
ES Halwl S e m r  4.0 22 8 8.760 41.862 

Total 193.6 976 81 1,119,977 

Baseline for Motion Sensors 

The ESCO- in their haste to implement the 
project- never characterized the baseline 
operating hours of fixtures where motion 
sensors were to be added. 
Problem: How to define baseline hours 
after sensors were installed? 
Solution: Make control group by disabling 
some sensors. 



usage 
Gmw 

A 
AS 
AS 
B 
BS 
BS 
C 
CS 
D 

~ o d i f i e d  Sample Size 
A m ~ l  

Sample Horn kWhSam 
Use kwsavea Popdation Size (esL) (en) 

OpenOmce 16.1 29 8 4.050 65205 
Open wl S e m r  34.8 145 25 4.050 193.686 
Open wlsensor (CONTROL) - 25 
Ptirnrn Omca 15.9 25 8 4.050 64.395 
Ptirnle wlsemor 84.8 622 35 4.054 484.466 
P M r n  w/Sans0r(CONTROL) 35 
Wltq 6.9 33 0 2.013 13890 
Utll wlSemor 2.7 16 0 2.013 7.690 
EdEmergency 2.3 30 0 8.7W 20.148 
HaEwdys. Stain. Restrocms 26.1 54 6 6.760 228.636 
Hal W/ Semor 4.0 22 12 8.7W 41862 
Hall w/Ssnsor(CONTROL) 6 

Total 193.6 976 162 1,119,977 

Monitoring Operating Hours 

Time-of-use loggers were installed in o4 
random locations for 3 weeks. 6 ,,,,, 

. "l..,l 
s?? 

Control samples had motion sensors 
- 

disabled (reverted to switch operation). 

Following logging, precision checked to see 
if it met 80%/20% criteria. 



Metering Results 

W"una W b n  B 
UUBD s a w m  w g  swrm.rd 8m 
00"P U" Populalwn Slz. Hwn o w n  Cr Con- 
A OpanOmca a 7 3,333 3269 0.98 41% 
AS ~ p n w l m w r  145 25 2- 3.140 1.08 25% 
AS OpnwISsnwr(C0NTRM) 21, 4.781 3047 0.64 15% 
6 P r i n t 3 m - 4  25 7 5.059 3.749 0.74 39% 
8 s  PIMDIW1SIII.M 622 35 1 . M  990 0.94 mX 
8 s  PIMDIWI~W~(CONTROL) 35 5047 2 k n  056 12% 
C mw 33 0 
CS U61*IS~n*x 16 0 
0 EdVEmeqew 30 0 
E HaH1.m SU*C R.rn00W.9 Y 8 5.Sm 2875 0.a mX 
ES H~IWI*IS .~ -  u 12 3.174 1.801 o n  14% 
ES M I M S M ( C O + ~ ~ ~ L )  6 6 . W  3.166 0.48 21% 

Tow 976 16a 

L 

Savings Calculations 

For fixture upgrades, savings are based on 
post-retrofit operating hours only. 

k W h , ,  = HoursMd (kW,, - kW,,) 

For fixture upgrades & occupancy sensors, 
savings are based on pre- & post-retrofit 
hours. 

k W h , ,  = kWpHoursc,, - kWv,HoursMw~d 



Savings Calculations (cont'd) 

Energy miuctlon from Exturcs &sensors. 

z 
$ - 
2 

Opa'aMg Horn 

Savings Results 

Carad Meawred 
usage CwraOnp Wrstir.3 ' Sa*np 
G W Ose prekw mnkW thm W x m  Sawngr.kCMI % 

A Ovanmw 39.6 235 3 W  UBW 41% 
AS OpenwlSemr 782 43.4 4.782 2.905 247.806 €6% 
B PrivateOm~~ 30.6 14.7 5.069 80531 52% 
BS Private W S e m r  201.0 1162 5.C-47 1 . a  890593 8BX 
c ~prv 1 I A 46 2.013 13817 m 
CS UdlWSemor 6.4 3.6 2,013 1.- 7.690 
D EdVEmergev 3.0 0.7 8,7€4 20244 76% 
E M 6 w p . S Y s . R e r ~ m r  47.1 21.0 5.999 156.721 55% 
ES M l W S e m r  6.7 2.1 6 . m  3.174 35509 809* 

Totel 424 2% lM6,7.W. 73% 

relative to baseline 



Conclusions 

Power measurements eliminated through 
the use of a standard table- reduces cost & - 
increases consistency. 

Hour measurements show 'true' energy 
savings- 34% more than originally 
estimated. 
Baseline established through the use of a 
control group. 



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

Improve air distribution to offices 

Replace 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 to be tracked for 3 years. 



Baseline Definition 

Building simulation model developed and 
calibrated to monthly A utility bills. 

California has minimum energy-efficiency 
standards called Title 24. 

New model developed incorporating 
energy-efficiency standards. 

I 

I 
i 

Building Model Comparison 

~ o m m  6vildiog in ~ibmi.: 6-r i  

Irmmo 

I --BP - , . - . w R -  

--, 
\-- 

7- 

W H w w w , -  , . A h , ~ O * . ~  

$9.4 



Savihgs 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 

L.mOmnBuildngI. C.lilOmm Pm.Rm", - , - -- - .. . - - - - -- - 

.--.** tm. ----- 
..___.. 

I 
w ,  

h . M L Y * i i Y n I " .  I r l W ' 1 O O . % D .  ". 

Problems Noted 

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

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

Computer room required baseline 
adjustment. 



Baseline Adjustment 

~momor~ui ld in . in~~u~. :  Pm.l(-nt -. . .. . 

i 
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Savings Calculations 
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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 
to post-retrofit model assures long-term 
performance. 
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3!!!!3 
Commercial Sector energy use 

Commercial sector energy loads 
- Lighting & Fans 

- Air-conditioning 1 
- Elevators 1 Escalators 

3 of 19 

Base year energy use 

Energy Savings Equation 

Base year consumption 



= 
Suitability & Applicability 

Options A,B,C & D 

Cost Benefit Tradeoffs 

The M&V costs and the associated benefits, 
risk value of stipulation would enable 
choosing between Options A to D for each 
of the ECM 

5of  19 

s; 
Best Application Situations 

Retrofit Isolation with energy efficient 
design- Option A 

Post-retrofit variable operating hours due to 
VSD, control system projects - Option B 
Whole billing1 building - Option C 

Complex cases - computer Simulation 

6of 19 



Common Issues 

Base-year data - 
Same meter for multiple loads 

Multi-owner complex with centralized 
services 

Educating end-users on benefit of using 
regression, simulation techniques 

*. - 
Case Example: Commercial I 

An energy efficiency project for a software 
research centre in an university 

8of 19 



s!!% 
Project Foals & Objectives 

Project Goal: Obtain energy cost savings in 
the software research centre 
M&V Goal: To measure and verify the 
savings 

9 of 19 

2?J@k; 

Facility Characteristic 

Computer Research and Education centre 
with air-conditioning load of 150 TR 

Area of 50,000 sq.ft 

Used by students 24 hours throughout the 
day across the year 

Short term programs also organized in 
conference room, a part of the centre 

10 of 19 



System Description 

Reciprocating chillers 

manually controlled 
damper controlled Air Handling Units 
(AHU) 
Distinct variations in energy use due to 
seasonal changes 

ECM Characteristic 

Upgrade chillers 

Enhance lighting efficiency with ballasts 
and controllers 

Retrofit state-of-the-art cost effective 
Building Automation System (BAS) 



Data Products & Output 

Information Required 
Verification - 
Energy consumption 
Determination of Savings 

Energy use in base year & post-retrofit 
brought to same conditions by relating kwh 
to weather conditions 

e; - 
Approach Data Analysis 
Procedures & Algorithms 

Whole billing 

System boundary line Computer centre 

kwh meters available 

Spot measurements 



33!E -- 
Approach Data Analysis 
Procedures & Algorithms 

Base year consumption - 
Regression equation developed linking 
weather data, computer users and energy 
use. 

From computer logs, number of users and 
hours of use arrived during a month 

3Jgr 4,. - 
Approach Data Analysis 
Procedures & Algorithms 

--HDD 
HDD &kwh Vs Month -caakm 



- 
Approach Data Analysis 
Procedures & Algorithms 

Regression outcome HDD Vs Elec 
Use +ElectOcal 

use, MX) km 

. . . . .  . . ~ .  

1 : ; z m  $-;pq lR S 

5 loo . ~. . . . . 
0 = n " 

l o o 2 0 0 3 W 4 W 5 0 0 ~  

HOD hwn 

EB Energy Bill Savings 



* 
Results 

The approach enabIed a pragmatic way to 
measure & verify the savings using 

Option C. (Whole billing method) 

19 of 19 



Case Study: Residential Sector 

Compact Fluorescent 
Lamp 

Mail-Order Program 

I 
I 
j 

Program Goals 

Utility-sponsored program to reduce system 
electrical demand 

Increase penetration of compact fluorescent 
lamps into residential and small-commercial 
sector 

Implemented by third-party 
Payments based on kW and kwh savings 
achieved 



Program Approach 

Third-party would sell compact-fluorescent 
lamps at prices below retail 

Sales would be mail-order based 

Marketing through utility-bill inserts 

Savings Goals 

Sell 4,000 bulbslyear for three years to 
residential sector. 

Sell 6,000 bulbslyear for three years to 
small commercial sector. 

If fuIly implemented, program would save 
3.5 million kwh and reduce system demand 
by 266 kW annually. 



M&V Approach: Option A 

Short-term metering on a sample of homes 
(and businesses) to - determine operating 
hours. 

Extrapolate results to all homes (and 
businesses), stipulate operating hours. 

Use phone surveys of participants to gage 
compliance and satisfaction. 

Results 

Metering not performed- bulbs assumed to 
operate 2,000 hours per year. 

I Phone surveys not yet conducted. 

Diversity factor assumed to be 15% for 
calculating demand savings 



Results to Date 

Exisling Lamp Savings, Diuersiiy Operating QuanQ 
(Assumed), W CFL, W W Factor Hours Sold IrW Saved k\VhSaved - 

60 15 45 15% 2,000 2382 16.1 214,380 - 

60 20 40 15% 2,000 1,735 10.4 138,800 
100 23 77 15% 2,000 2,666 30.8 410,564 - 

100 26 74 15% 2,000 1,015 11.3 150,220 . 
Total 7,798 685 913,964 

Projected Results 

E6sbng 
Lamp 

(Assumed). Sanngs, Wmrsny O~emhng Quanow 
W CFL.W W Factor Hours SoM kW Saved WhSavW 

60 15 45 15% 2 . W  7.500 51 675.030 
60 20 40 15% 2.000 7.500 45 600.000 

100 23 77 15% 2 . W  7,500 87 1.155.W 
100 26 74 15% 2.000 7.500 83 1,110.000 

Total 30.000 266 3S4ll.000 



Probiems Encountered 

Original proposal called for monitoring a 
sample of homes for - operating hours. 

Monitoring costs considered too high. 

Solution: Assume and stipulate operating 
hours 
Result: Risk transferred back to sponsoring 
utility- could be paying too much for 
savings. 

Problems Encountered 

Diversity Factor: Probability that demand 
savings occur during peak demand hours. 

With no monitoring, it is impossible to 
calculate diversity factor. 

Solution: Assume and stipulate factor 

Result: Utility assumes risk- could be 
paying too much for demand savings 

- 



Conclusions 

Option A (stipulation) provided lowest-cost 
approach. 
Lack of measurements increased risk to 
sponsoring utility. 
Utility cost-recovery at risk. 

> 



Case Study: Residential Sector 

Replacement 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 significantly 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). 



¨ round-source Heat Pump 

Similar to central air-conditioning system in 
that system uses refnigerant (R-22) and 
mechanical compressor. 
Can provide both heating and cooling by I 
reversing refrigerant flow. 

Heat is extracted or rejected to soil instead 
of atmosphere. 

! 
I 

GSHP Configurations 

Ground-source heat 
pumps exchange heat 
with the soil. 

Usually PEX tubing 
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 

M&V Approach (cont'd) 

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. 

- 
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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. 



Weather Data 

Need to apply savings Warhbpron D.C. T c m m u m s  

to weather data. 1.803 
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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 meanwed performance 
and stipulated weather data. Actual savings 
will fluctuate every year but cZairned 
savings will not. 



Measurement & Verification 
protocol Residential - India 

INTESCO Asia Limited 
114 Ulsoor Road Cross Bangalore 560 042 

www.intescoasia.com 

Residential-energy end-use 

Suitability and applicability of IPMVP 

Best application situations 

Issues 

Case example 



e- L--, 

Load profile 

Lighting 

Water pumping 

Others 

! 
I 

= -- 

Residential - Energy end-use 

Energy end-use areas in a typical home / 
apartment buildings - 
- Lighting 

- Water pumping 
r 

- Appliances - refrigerator, Television, air cooler 1 

- Water heating I 
Energy inefficiency (Builder Vs Buyer, I 

I 

Tenant Vs Owner) I 1 
I 

I 



-- 
Suitability & Applicability 

Lighting upgrade 
Water pumping - 
Apartments Common area services 

Colony / Quarters 

Owner Versus Tenant 

a 
--Y 

Best Application Situations 

Retrofit Isolation with energy efficient 
design- Option A 

Renewable, Fuel switching projects - 
Option B 
New group housing construction projects - 
Combination of options. 



Cbmmon Issues 

Costs associated with monitoring hours of 
use - 
Advantage for SEBs 
Sampling errors 

Maintenance of the energy efficiency 
components 

Case Example: Residential 

An energy efficiency project for a 

new group housing 

construction project 



Z&: -- 
Projecf Goals & Objectives 

Project Goal: Reap-energy cost savings in a 
new group of houses construction project 

M&V Goal: To measure and verify the 
savings 

* 
- =  

Facility & ECM Characteristic 

To provide 6 fluorescent lamp fittings with 
electronic ballast, 4 CFLs for each house in 
place of GLS lamps 

Hours of use stipulated 

Solar water heaters for 200 LPD for each 
house. 



-_r 

ECM Characteristic 

Enhance lighting efficiency with ballasts 
A 

and controllers 

Avoid electricity towards water heating 

- .. . 

Approach Data Analysis 
Procedures & Algorithms 

Boundary line for lighting - lamp power 
consumption using portable spot 

I measurement meter. 

Solar water heating spot water temperature 
measurements at agreed range of ambient 
temperatures and time of the day. 



- 
7 *ipF A. -- 

a Results 

- 
The approach enabled achieving energy 
gains in a pragmatic way and measure & 
verify the savings using 

Option A & Option B. 



Assignment 



Industrial Sector 

Textile Mill Example #I 

Yarn Spinning: Replace standard 15 kW to 22 kW motors of Ring 
frame machines used in spinning yarn with energy efficient models. 
The spindle speed varies from 12,000 to 16,000 rpm depending on the 
count of yarn. Also the speed of the ring frames follow a cyclic pattern 
(slow at start and again slow during end of the batch) for a single 
batch called as doff. The speed variation is currently through 
mechanical systems such as variable sheave pulley. Replacing the 
mechanical systems with variable frequency drives programmed for 
various counts will improve the productivity by 5 to 10% and reduces 
the yarn breakages. 

Textile Mill Example #2 

Ventilation: A textile plant has large ventilation fans to supply outside 
air and exhaust factory air. Ventilation requirements are set by the 
internal relative humidity, which is maintained between 45% and 55%. 
The present fans are controlled using inlet vanes, which are manually 
adjusted on a weekly basis to maintain humidity. The fans comprise 
5% of the total electrical factory load. Ventilation requirements are 
only slightly affected by production. To reduce fan motor energy 
consumption, variable speed drives can be used modulate the fans 
based on the internal relative humidity. This will reduce fan power 
relative to the inlet vanes and provide better humidity control. 
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Food Processing Plant Example #I 

Chi l led Water Pumping: The cooling water pump in an edible oil plant 
delivers the same quantity of water irrespective of plant load 
variations. The cooling water system contributes to over 30% of the 
electrical load. A variable speed drive is proposed to meet the system 
inefficiency. Currently, thr-ee-way valves are modulated to maintain 
process load temperatures. The proposed design will convert the 
existing three-way valves to two-way valves and install a pressure 
sensor downstream of the pump discharge. The VSD will then be used 
to maintain a constant supply pressure in the chilled water supply 
instead of a constant flow. - 

Food Processing Plant Example #2 

Heat Recovery: A dairy pasteurizes milk using the High-Temperature Short-Time (HTST) 
method by heating it to 72 C for 15 seconds. The milk is then cooled to 5 C for bottling with 
the heat being absorbed by the refrigeration system. It is proposed to upgrade the regenerator 
(a heat exchanger) so that the milk entering the cold heat exchanger is at a lower temperature. 
Savings are anticipated from both reduced heating load and reduced cooling load. A gas 
boiler provides hot water; gas use for this process is 30% of the total use. A central 
refrigeration plant of COP 3 provides chilled water; chilling the milk takes 50% of the 
refrigeration capacity. The chiller plant consumes 50% of the plant electricity used. 

M8Ik i n 3  Miltat MtU in v M i t t *  
5 C 

7 I 
YiUO", Mi lk*  : rrgc-lor ! 

a 1 S C  X C  = S T  1 2 C  . I  
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CWhorn M i U 1 1 1 Z C B r  CW horn s l L . t n C ! a  
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Cement K i ln  Example 

Product Cooling: A cement plant uses a 1,000 kW motor on a fan to 
cool the slaked lime as it leaves the rotary kiln. The present motor is 
old and assumed to be of low efficiency. It is proposed to replace the 
motor with a new high-efficiency motor. The current motor uses 
8,000,000 kwh, about 5% qf the plant's electricity. It is anticipated 
that the motor will save 10% relative to the existing motor, or 800,000 
kwh. The fan operates continuously (except for maintenance 
shutdowns) and its load is independent of production rate. 

Gu T d  - bln - 
Paper Manufacturing Example 

Pulp Processing: One step in the paper manufacturing process is 
grinding the pulp to the proper consistency. There are eight grinders 
of 250 kW, each which operate approximately 5,000 hours per year. It 
is proposed to replace the existing old motors with high-efficiency 
motors. The new motors will use 10% less electricity than the existing 
motors, roughly 1 million k w h  saved. The grinder motors comprise 
50% of the plant's total electrical consumption. Motor load is  a 
function of the type and the quantity of paper produced. Other plant 
loads are also influenced by production rate and type of paper being 
made. 

Power Factor Correction: In the paper mill mentioned previously, the power factor is 
sufficiently low (averaging 0.65 every month) that they are being substantially penalized by 
the Electrical Board. The ESCO proposes to add an automatic power factor correction 
capacitor bank at the main plant distribution system. The PF correction will increase their 
apparent power factor to an average of 0.9. 
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Wastewater Treatment Plant Example #1 

Mechanical Aerators: In a wastewater treatment plant, mechanical 
agitators are used to aerate the wastewater and promote aerobic 
bacterial activity. These mechanical agitators presently operate at 
constant speed and full load independent of the level of aeration 
required. I t  is proposed to add dissolved oxygen (D.O.) sensors to the 
aerobic digestion treatment tank. Thissignal will control the aerators 
through variable frequency drives. As the D.O. level increases, the 
aerator compressors will slow down and save energy. Dissolved 
oxygen levels fluctuate with system loading, which is a function of 
local population and a nearby agricultural processing facility that 
increases the system load during i h e  harvest season(s). The aerators 
consume 30% of the plant load and adding the VSDs is expected to 
reduce aerator consumption by 30%. 

VSD 

primary w activalal rludgc 
sludge 

muhane $as $0 flare a cqenmtion syrltrn 

sludge to landfill (ahcr dcuaming) 

anaaabic digester 

Wastewater Treatment Plant Example #2 

Cogeneration: In the previous example, an ESCO proposes to install 
an internal-combustion engine cogeneration system to produce hot 
water and electricity. The methane to operate the generator will come 
from the anaerobic digester, which is presently flared. The methane 
can be considered a renewable resource (i.e. free). The generator will 
displace purchased electricity at the plant. The hot water will be used 
to heat the anaerobic digestion tank at a constant temperature, which 
is presently not done. (Heating the anaerobic tank to a constant 
temperature of 40 O C  will have the ancillary benefit of improving 
sludge digestion and increasing pathogen destruction.) Installing the 
generator will require the addition of one full-time mechanic ta  the 
staff to operate and maintain the generator and related components. 
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Industrial Sector- Specific Technologies 

Steam System: An ESCO proposes to upgrade an existing steam system at an indusmal 
facility. The steam is used for process loads that don't vary significantly over time or with 
weather conditions. The ESCO proposes the following three upgrades: 

1. Replace bucket steam tr-aps with orifice steam traps. The bucket 
steam traps have a lifetime of five years, but inconsistent 
maintenance has left the existing system with a number of failed 
traps. A survey with an infrared thermometer indicated excessive 
temperatures (> 100 OC) downstream of the steam traps on 20% of 
the traps, suggesting that they are leaking or failed. Orifice traps 
have no moving parts and a much longer lifetime. It is expected that 
the failure rate will be less than 3% with the new traps installed. 

2. Repair or add condensate return lines. Some of the condensate is 
drained instead of being recovered; quite a bit more is lost in the 
leaking condensate return system. This increases the boiler load, 
water consumption, and treatment chemicals required. Increasing 
the condensate return will reduce the requirements for all three. 

3. Insulate steam supply and condensate return lines. Almost all of the 
steam lines are uninsulated, wasting heat. Adding jacketed 
fiberglass insulation to the steam and condensate lines will reduce 
heat loss and increase the condensate return temperature. 

Compressed Air 

As part of a package of services, an ESCO proposes to upgrade and 
maintain the compressed air system at an industrial facility. 
Compressed air is used for machine actuators and for hand-tools. A 
survey with an ultrasonic probe indicates that 30% of the quick- 
connects that provide air to hand tools are leaking. The ultrasonic 
probe also indicated leaks in pipe fittings, condensate drains, and 
some equipment. A leakdown test was used to determine the total leak 
rate prior to repairing the system. The ESCO will replace the quick- 
connects and repair the pipe fitting leaks, the factory owner will repair 
air leaks in its equipment. The ESCO will conduct annual ultrasonic 
inspections for the next five years and will repair failed quick-connects 
and pipe leaks. I t  will notify the owner of air leaks in its equipment so 
that they can be repaired. 

Water 

As part of a package of services, an ESCO proposes to replace toilets 
at a university, both in the classroom buildings and in the dormitories. 
Toilet flush volume will be decreased from an average of 12 Llflush to 
6 Llflush. Dormitory showerheads will also be replaced, reducing flow 
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per shower from 15 Llmin to 7.5 Llmin. The university is in session ail 
year (except breaks) and its population is relatively constant. 
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Commercial  Sector 

Commercial  Of f ice Space: A 20,000 sq. rn. office building in Delhi 
will have a comprehensive set of measures installed. These include: 

1. Installing a new energy management & control system. Direct digital 
control modules will replace the pneumatic actuators now used. 
Part of the control strategy will include the addition of an enthalpy- 
controlled economizer to provide cooling when the outside air is 
cool and dry enough to do so (c 15 OC). The new DDC actuators 
should also decrease maintenance efforts. 

2. The air handler will be converted from dual-duct constant volume to 
variable-air-volume with variable speed drives on the fan motors. 
The old fan motors will be replaced with high-efficiency motors 
designed to operate with VSDs. The VSD will maintain a constant 
static pressure in the duct. New VAV distribution boxes will be 
installed. 

3. The old 600 ~ W T  chiller operates with a COP of 4. It will be 
replaced with two 300 kWT chillers that operate with a COP of 6. 
Operation will be staged so that the second chiller operates only 
when the cooling load requires it. The EMCS will alternate lead-lag 
operation to equalize run-time on each chiller. 

4. Each fan in the 2-cell induced-draft cooling tower will be converted 
to 2-speed operation by adding a pony motor. 

5. The chilled water loop will be converted from primary-only to 
primarylsecondary operation. Three-way valves in the air handlers 
will be converted to two-way operation. A VSD on the secondary 
loop pump will modulate the pump motor to maintain a constant 
discharge pressure. 

6. Fluorescent lighting will be upgraded to T-8 lamps with electronic 
ballasts. Occupancy sensor will be installed in conference rooms 
and other appropriate areas. 

7. The increase in the number of computers used in the last 5 years is 
causing power-quality problems within the building. Excessive odd 
harmonics on the neutral lines is causing local distribution 
transformers to overheat, indicating a decrease in efficiency. 
Capacitors will not correct this problem, so the transformers will be 
replaced with high-efficiency models that are capable of handling 
distorted waveforms without incurring excessive losses. 
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Commercial Office Soace (new construction): Two competing 
designs for a new office building are being selected. The firm funding 
the building construction plans to lease the space to small businesses. 
Reduced utility costs could be used as a selling feature to justify the 
potentially higher lease rates for the second building. Although the 
tenant will pay the utility bills, the investment firm is interested in 
tracking the savings so that they know whether their claims of reduce 
utility costs are valid. The first building is of conventional American 
style (box of glass) and construction and includes T-8 lamps with 
electronic ballasts, a centrifugal chiller (R-134a), and single-pane 
clear windows (fixed). The competing design offers the same useable 
space but costs slightly more than the typical design. It includes an 
open atrium, exterior shades (shelves) to reduce direct sunlight while 
allowing indirect lighting, T-8 lamps with dimming ballasts that dim in 
response to available daylight, and operable windows for natural 
ventilation. A chiller plant with a thermal energy storage system will 
provide conditioned air when natural ventilation is inadequate to 
provide cooling. The second building is promoted as being sufficiently 
energy-efficient that total operating costs (capital repayment + energy 
expenses) will ultimately be lower than the first building. 

Office Lighting: Lighting will be upgraded by replacing magnetic 
ballasts with electronic ballasts and installing T8 lamps. The electricity 
use is recorded by the Electricity Board in 6 different meters. Ceiling 
fan loads are also connected to the same meters. Electrical savings to 
the tune of 25 to 30% are expected. The usage pattern varies 
depending on the natural light and the season. Presently, about 15% 
of the fixtures have failed and are not working. 
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Residential Sector 

Ut i l i ty  Market Transformation Program: A utility wants to reduce 
peak demand by encouraging the use of compact fluorescent lamps in 
the residential sector. They propose mailing one compact fluorescent 
lamp to a select group of customers along with coupons for 30% off 
additional compact fluoresc.ent lamps (up to 4) at local stores. 

Government Water Ef f ic iency Standards: Proposed legislation would 
ban the sales or installation of toilets using more than 6 L per flush 
and showerheads using more than 12 Llmin. Although no one is 
'funding' this project, the Ministry wants to understand how this will 
affect water use over a 20 year span. This will assist planning for 
water development, water infrastructure, and wastewater treatment 
plants. 



I P M V P  
Presentation develop by: 

Satish Kumar 
of the 

Lawrence Berkeley National Laboratory 

(and edited by Mark Stetz of Schiller Associates) 

IPMVP World Wide Web site: http://www.ipmvp.org 

IPMVP - Objectives 
- 

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

4 Replace multiple, incompatible protocols with single 
consensus approach 

4 Increase reliability and level of savings 

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

4 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 conditions 

+ Long-term energy and water savings performance 

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

+ Defining procedures which are: 
+ Consistently applicable to similar projects 
+ Internationally accepted, Impartial and reliable 

IPMVP - Target Audience 
- 

+ Facility Energy Managers, particularly public buildings 

ESCOs (Energy Service Companies) 

+ WASCOs (Water Service Companies) 

+ Development Banks 

+ Finance Firms 

+ Utility DSM Managers 

+ Building Managers 

+ State and Municipalities 

I 



. . 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 

+ Basis for documenting emissions reductions and securing 
credits 

I 

IPMVP as Basis for International CO, 

.- 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 

r 1985 First utility sponsored large scale programs 

+ 1988 New Jersey Utilities M&V plan 

+ 1988 First NAESCO M&V plan 

1992 California CPUC M ~ V  Protocol 

+ 1992 New Jersey Standard Offer Protocol 

1993 NAESCO M&V ver 1.3 I 

+ 1994 PGBE Powersaving Partners 'Blue Book" ! 
+ 1995 EPA Conservation Verification Protocols j 

1995 LoanSTAR (Texas) Protocols i 
+ 1996 North American Energy Measurement 8 Verification Protocol 

+ 1996 FEMP application 

+ 1997 International Performance Measurement & Verification Protocol 

+ 20W IPMVP 2000. FEMP 2.2. ASHRAE 14-P (draft) 

I M & V Methods 

IPMVP FEMP ASHRAE 
14-P 

Retrofit Isolation A A - 

Retrofit Isolation wl B B Retrofit 
continuous metering Isolation 

Utility Bill Analysis c c Whole building 
metered approach 

Building Simulation D D Whole building 
calibrated ~~ ~~ ~~ 

simulation 



M&V Options in the IPMVP 
.= 

M 
e + Option A: Stipulated Baseline and Performance a 

Verilied equipment petfonnance potenllal S 
U 

+ Option B: Stipulated Baseline, Verified Performance r 

+ Estimating tool calibrated with end-use data e 

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

Option D: Stipulated Baseline, Verified performance 
I 
d 

Estimating tool calibrated with whole building data i 
n 
9 

Option A 
- w .- 

Properly defined baseline conditions 

Projects where verifying the potential to generate savings is 
the major concern (or the risk to be mitigated) 

Actuai energy or cost savings are not verified 

They are predicted using engineering or statistical methods 
Using hlstoricai data for owrational lactors (occupancy schedule etc.) 

May use spot or short-term (but not long-term) measured data to estimate 
performance factors 

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

- 



Option C 
v - - 

+ Properly defined baseline conditions 

Projects where actual savings (energy and cost) during contract 
need to be determined, based on end-use 

Utility wholefacility meter analysis calibrated with utility billing 
data 

+ Savings are determined by "whole facility" 

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

i 

- Option B 
- -- 

Properly defined baseline conditions 

+ Projects where actual savings (energy and cost) during 
contract need to be determined, based on end-use 

Involves long-term measurements for both Performance 
and Operational factors 

+ 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 



- . Option D 

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

+ Simulation of whole buildingor just end use 

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

+ Calibration is done by: 

+ Llnking simulation 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 
<... 

Good M&V Ll 

+ Three key components 
+ initial savings level 

0 4 + Persistence of savings 
0 5 10 + Variability 

Years post-completion 



Useful Web Sites 
- - 

lndustrv Protocols 
+ IPMVP www.iprnvp.org 
+ FEMP www.eren.doe.go~emp/finan~fn~measgu~de.html 

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

Utilitv Protocols 
+ Standard Performance Contract (CA) 

+ PG&E www.pge.codspc 
+ SCE www.scespc.com 
+ SDGE www.sdge.codsp&us/ 

Full Recourse ... - .  Project Financing .-, . 
.. -. 

Finance Firm 

Debt service Loan 

Construction. 
Monitoring. Long- 
term relationships ESCO 



Trade-off Between M&V and Cost -. 

Cost of project Balance point of 
diminishing returns 

U) 
UI 
c - > 
m 
U) - 
0 
w 
s - 
3 

Common Energy Cost Savings Measure 
-. . . -- 

+ Lighting Improvements 

+ Electrical Motors and Drives 

+ Boiler Improvements 

+ Chiller Improvements 

+ Improving Control Strategies 
a Bulldlng Automation Systems (BAS) 
a Energy Management Control Systems (EMCS) 

Utlllty Monitoring and Control Systems (UMCS) 
t 

+ Heating Ventilating and Air Conditioning 
I 

+ Building Envelope Modifications 

+ Water and Sewer Conservation Systems 

+ Renewable Energy Systems 

Savings c InvarUnent In M&V 

cost Of MaV 



Overview of M&V Options - 1 
- .  . 

+ Option A (1-5% of project construction cost) 
+ Properly defined baseline conditions 

+ Focuses on physical aisessmeqt of equipment changes 

+ Reliance on historical data forprationaifactors (occupancy schedule etc.) 

+ Use of spot or short-term measured data to estimateperfomancefactors 

Option B (3-10% of project construction cost) 
+ Properly defined baseiine conditions 

+ Verifying energy and cost data obtained during term of agreement 

+ Use of long-term or continuously measured data for both performanceand 
o~erationalfactors 

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

Overview - of M&V Options . - - 2 

Option C (1-10% of project construction cost) 
+ Properly defined baseline condnlons 

+ Savings are determined at the "whole-buildins"ievel 

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

Option D (3.10% of project construction cost) 
+ Properly defined baseline conditions 

+ Savings are determined through simulation of individual system or "whole 
building" 

+ Simulation model Is calibratedwith hourly or monthly utility billing data 
andlor end-use metering 

+ Used for new buildings and complex existing building systems 



Layers of %. Measurement & Verification 
.... 

Incrementally more expensive r 

+ 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) 

1 -800-DOE-EREC 

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

+ For miscellaneous information 
s-kumar@Ibl.gov 

.I-202-484-0884 XI 10 



How to Specify Compliance 
.. . d.: .-2 . . 

+ 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 
-. 

In the United States 
+ ESCO industry standard 
+ Federal buildings through FEMP 
+ State-wide adoption 

+ California 
+ Florida 
+ Iowa 
+ New York 

+ Basis for innovative, large scale financing initiatives 
+ NYSERDA 

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



IPMVP Uses - 2 

I Currently (or beginning to be) used 

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 (108) 

+ European Bank for Reconstruction ti Development (EBRD) 

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

+ Global Environment Facility 

IPMVP - International Participation 
- - - 

Countries with National Participating Organizations 

+ Brazil 

Bulgaria 

Canada 

China 

Czech Republic 

+ India 

+Japan 

South Korea 

+ Mexico 

Nepal 

+ Poland 

+ Russia 

Ukraine 

+ United Kingdom 

United States 


