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PREFACE 
Purpose and Scope 

The purpose of this protocol is to lay the framework and operational aspects of independently 
verifying energy savings and benefits from energy efficiency projects and energy-service 
company (ESCO) contracts, applicable for industrial and commercial sectors. The aim is to 
enable ESCOs, End-users, Financial Institutions and Consultants to speak in one voice. The 
protocol eventually will also help in funding of such projects by financial institutions by 
taking advantage of 'emission trading'. 

Energy conservation measures covered herein include fuel and electricity saving measures, 
through installation or retrofit of equipment, andlor modification of operating procedures of 
available equipment and control systems. 

This protocol is intended to be fuel neutral and can be applied to a broad range of 
applications. Essentially, for an ESCO contract, this document can help in selecting an M&V 
(measurement and verification) approach that is most appropriate for the project taking into 
account the project costs, technology specific requirements, and risk assessment. 

This protocol is not intended to prescribe contractual terms between buyers and sellers of 
efficiency services, although it provides guidance on some of these issues. Once other 
contractual issues are decided, this document can help in the selection of the measurement & 
verification (M&V) approach that best matches: i) project costs and savings magnitude. 
ii) technology-specific requirements, and iii) risk allocation between buyer and seller. 

The IPMVP 2000 and the Indian M&V protocols 2000 approach are found to be applicable to 
M&V of savings for energy efficiency projects in the Bangladesh scenario too. However. we 
need to make base-line adiustments for factors such as capacity utilization, throu.&put. power . - .  - 
cuts, and intemptions. Option D's applicability in industry may not be widely applicable as 
software packages covering specific manufacturing processes may not be readily available. 

Structure of Bangladesh Specific Protocol 

This protocol is based on the IPMVP 2000 and The Indian M&V protocols. The I P W P  is 
quite generic in nature and an effort has been made to provide specific approaches in this 
protocol. 

This addresses the typical energy conservation measures in the Bangladesh industrial and 
commercial sectors in addition to the overview of the best practices available in the 1PblVP 
and the Indian M&V protocols. 

0 NWQm ... 
W Performance Monitoring & Verficatim Protocols 111 



Chapter 1 Introduction 

1.1 Background 

In Bangladesh, only 30% of the population is supplied electricity from the national grid. with 
an installed capacity of 4680 MWs (October 2002), of which almost 55% of electricity 
generated is natural gas based. However, the firm electricity generation capacity is limited to 
3175 MWs due to poor maintenance of existing plants and supply nehvork. This has led to 
regular power shortages and interruptions to most consumers. 

The industrial energy consumption accounts for 44% of the total electricity produced and as 
a result of low supply reliability, most industries and large commercial institutions are now 
relying on captive generation with higher energy costs and environmental impacts. It is also 
important to note that productive use of electricity in Industry has dropped from 77% to 59% 
from 1982 to 2001. 

With the demand for energy in Bangladesh is growing at 10-12% per annum. it is 
expenditure that US$ 6.5 Billion is required by 2005 to meet this demand and shpnghen the 
existing network to provide a reliable supply, which would lead to higher electriciw tariffs. 

In order to mitigate the impact from high electricity tariffs and environmental impacts from 
increasing captive generation, energy conservatiodeficiency is promoted ag~essively in 
Bangladesh, with 30-40% energy saving potential in Industry from cost effective end-use 
improvements. 

The importance of energy conservatiodefficiency has been recognized, but baniers such as 
lack of policy, knowledge, technology availability and concessionary funding have hindered 
the widespread commercialization and large-scale implementation of end-use energy 
efficiency improvements. 

In this context, an important step has been taken by the United States Agency for 
International Development (USAID) under the technical assistance component of  the South 
Asian Regional Initiative for Energy (SARI/Energy) to develop mechanisms to promote end- 
use efficiency/conservation in Industry. 

1.2 SARllEnergy Objectives 

South Asian Regional Initiative for Energy (SAFWEnergy) aims at promoting mutually 
beneficial energy linkages among the participating nations. A key component of this is tile 
promotion and development of Energy Service Company (ESCO) activities in the region to 
reduce energy costs to industry. 

The components of ESCO development activities under SARVEnergy are: 

Business development & financing. 

Introduction to Monitoring and Verification Protocols. 

Certification and Training of energy auditors. 

Development of a financing mechanism for ESCOs 

Establishment of a South Asia Network of ESCOs. 
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i l l  

r*ii 

Chapter 1 lntroduclion 

1.3 Markets Component - M&V protocol 

Considerable opportunities exist for improving energy efficiency in many sectors of the 
economy. Actual investments being made today are but a small fraction of the economically 
attractive investments available. One of the barriers to increased investment is the lack of 
consistent and objective procedures and guidelines for quantifying ener_g?. savings. 
Measurement and Verification (M&V) Protocols establish a common framework and define 
acceptable procedures for determining savings from energy efficiency and energy 
conservation projects. Formally adopting a standard M&V protocol \\,ill result in more 
reliable energy saving estimates and improve lender confidence for securing lowver cost 
financing for energy efficiency projects. 

In this light, efforts were made to develop M&V protocols, based on the International 
Performance Measurement and Verification Protocol (IPMVP) and the Indian iM&V 
protocol, for independently verifying energy savings and energy cost savings in ESCO 
contracts. 

1.4 ESCOs 

Energy Service companies (ESCOs) develop and implement energy efficiency projects that 
support themselves financially based upon measured and verified savings these projects 
generate. ESCOs often guarantee the savings to be realized and typically an agreed 
percentage of the savings is paid by the client to the ESCO to cover the cost of the senices 
while simultaneously leading to positive cash flows for the client. This senlice from ESCOs 
is often termed as performance contracting. 

Though end-users of energy are overwhelmed by the ESCO concept, in the absence of any 
standards for measuring and verifying savings, they are not clear as to how to go about such 
projects. Surveys indicate energy efficiency projects, with good Measurement & Verification 
results in increased and consistent energy savings. The importance of M&V and a protocol 
therefore becomes imminent in this background. 

1.5 Role of Protocol 

This protocol (and its parent, the IPMVP) defines the framework and operational aspects of 
independently verifying energy savings and benefits for ESCO contracts, applicable for 
industrial and commercial sectors. This Protocol: 

Is based on the IPMVP (International Performance Measurement and Verification 
Protocol) and the Indian M&V Protocols and is modeled along the lines of the FEMP 
(U.S. Federal Energy Management Program) document 

Provides all stakeholders a common set of terms to discuss key M&V project-related 
issues and establishes methods, which can be used in energy performance contracts. 

Defines broad techniques for determining savings from both a "whole facility" and an 
individual technology 

Applies to a variety of facilities including commercial, institutional and industrial 
buildings, and industrial processes. 

Provides outline procedures, which i) can be applied to similar projects throughout all 
geographical regions, and ii) are internationally accepted, impartial and reliable. 
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Presents procedures, with varying levels of accuracy and cost, for measuring andlor 
verifying: i) baseline and project installation conditions, and ii) long-term e n e r a  savings. 

Provides a comprehensive approach to ensuring that quality issues are addressed in all 
phases of project design, implementation and maintenance. 

Creates a living document that includes a set of methodologies and procedures that enable 
the document to evolve over time. 

Is Fuel neutral - the goal is to verify cost savings 

Does not dictate approach -this Protocol is intended as a guideline for measurement and 
verification in energy efficiency projects and is essentially a tool to help ESCOs prepare 
an M&V plan, which adheres to International standards. 

Is intended for a broad range of applications across all the sectors of the economy viz. 
industrial and commercial, i.e. it is neither process- nor technology-specific. 

1.6 Audience for Protocol 

The target audience for this protocol includes: 

8 ESCOs (Energy Service Companies) 

Financial Institutions 

Consultants 

Project developers 

Researchers 

Energy managers 

Industry and other relevant associations 

8 Government agencies 

End-users and customers. 

1.7 Uses of Protocol 

This protocol will enable all stakeholders i.e. ESCOs, end-users, financial institutions and 
consultants to speak in one voice and thereby minimize disputes in the measurement & 
verification of savings. Eventually, it will render funding by financial institutions much faster 
and easier. Financial institutions will be able to make use of 'emission-trading' for funding 
such energy saving projects. 
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Cha~ter 2 lncor~oratina M&V into ESCO contracts 

2.1 Performance Contracting 

This chapter discusses how measurement and verification relate to energy-efficiency projects. 
Performance contracting projects are unique because the seller cannot absolutely quanti6 the 
value of the product to be delivered, in this case the reduction in utility costs and secondary 
performance benefits. Measurement & verification are an essential component to this 
business arrangement in order to satisfy the customer and the financier that the promised 
benefits have been delivered. 

2.2 Contract Types 

The primary concept in performance contracting is that an energy service company (ESCO) 
can make changes at a customer's facility that will reduce total energy costs as \yell as 
provide secondary benefits such as improving equipment operation. The customer then pays 
the ESCO from the savings realized in the utility bills. Unlike a desi-&build project. the 
customer benefits from not having to make a capital investment and from having some 
reassurance that the promised savings will materialize. Key to the success of this arrangement 
is that the ESCO, customer, and financier have confidence that the project is performing as 
promised and that the expected savings are being realized. 

There are several ways that performance contracting arrangements can be structured. These 
include: 

Guaranteed savings: The ESCO offers design and construction services to the customer. 
Performance is assured by guaranteeing that savings will meet a particular threshold. If 
the savings do not materialize, payments to the ESCO are withheld until the project 
performs satisfactorily. 

Shared savings: The ESCO and the customer agree to share the savings for a set period of 
time. The greater the savings, the more the ESCO and the customer benefit. If sakings do 
not materialize, the ESCO receives no payment. 

Vendor financing: Some equipment manufacturers provide ESCO services in order to sell 
their own equipment. Financing is usually 'pay-from-savings'; guarantees may or may 
not be available. 

There are variations on all of these arrangements, but these cover the fundamental Qpes of 
business deals. The guaranteed savings model is the most commonly used today; shared 
savings projects have declined in popularity. 

2.2.1 Guaranteed Savings Contracts 
The ESCO evaluates a facility and designs a project. The ESCO may be the contractor or 
may arrange for others to do the work. The customer obtains financing through a third-party 
with the ESCO guaranteeing the savings (and thus the ability to repay the debt). Pajments are 
fixed over the contract term. 

Measurement and verification is necessary to demonstrate that the savings have met a 
particular threshold, but the actual level of savings does not need to be determined. Long- 
term savings verification is dependent on the specific contract, with some contracts only 
requiring a single demonstration that the savings guarantee has been met. Guarantees are 
enforced by having the ESCO assume obligation for debt repayment in the event that savings 
do not materialize 

offma11~ Performance Monitoring and Verification Protomls 2- I 



Chapter 2 Inmrporating M8V into ESCO C o n W  

2.2.2 Shared Savings 
The ESCO designs a project and proposes to finance and construct it. The ESCO may be the 
contractor or may arrange for others to do the work. The ESCO obtains financing through a 
third-party. Measurement and verification is necessary to determine the actual savings, which 
are then split between the ESCO and the customer. Payments therefore fluctuate during the 
contract term. 

The ESCO assumes the debt and repayment risk, increasing the cost of capital. Measurement 
& verification plays a critical role in the project financing and needs to be performed during 
the contract term. 

2.2.3 Vendor Financing 
An equipment vendor acts as an ESCO by providing design & construction senices as well 
as project financing. The customer 'pays kom savings', which may or may not be 
guaranteed. If savings are not guaranteed, the arrangement more closely resembles a 
designlbuild or leaselpurchase contract. Measurement & verification activities are 
commensurate with the savings guarantee. Projects are typically limited to those where the 
vendor's equipment is a major component of the project. 

2.3 Role of M & V in Performance Contracting 

Performance contracting is unique in the business world because a sewice is sold nithout 
being able to specify them beforehand. Only after a project is installed can its benefits be 
evaluated. However, evaluating the benefits is made difficult by the fact that sm:itlgs ca~inot 
be directly measured. This means that even after a project is installed the benefits cannot be 
determined with absolute certainty. 

The purpose of measurement & verification is to quantify a project's benefits to assure all 
parties that they exist. There will always be some uncertainty surrounding the claimed 
savings, but a properly-executed M&V effort will reduce that uncertainty to acceptable levels 
without imposing unreasonable project costs. 

Selection of an M&V approach requires balancing precision (minimizing uncertainty) uith 
costs. Additionally, responsibilities for changing usage and performance factors need to be 
allocated so that the party responsible for changes to a project is the p m  that bears the 
responsibility for them. Measurement and verification therefore serves two purposes in a 
performance contract: 

1. Minimizes risk by reducing uncertainty and, 

2. Allocates risk to the responsible party. 

2.4 Performance Contracting Risks 

Performance contracting involves elements of risk due primarily to the nature of the 
arrangement between the ESCO and the customer. The ESCO promises to deliver lower 
utility costs to the customer through technical and operational changes, but cannot state nith 
absolute certainty what those benefits will be beforehand. Other project risks are common to 
any business deal involving capital improvements, construction, and financing. One should 
keep in mind that there is also the risk of taking no action: declining an opportunity to 
participate in an energy-efficiency project represents lost opportunity. the inabilih to realize 
any savings or capital improvement, and increased exposure to rising energy prices. 
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Chapter 2 IncorporaCng M&V into ESCO Conkads 

The types of performance contracting risk can be broadly categorized into the follo\\ing 
areas. 

Financial 

Operational 

Performance 
Of these, measurement and verification can be used to mitigate the second hvo risks 
(operational and performance). Financial risks are not readily addressed through bl&V but 
are nonetheless present in performance contracting. A good business contract \\ill describe 
how each issue will be addressed and by whom. Each of the following risks hpes can be 
further broken down and described as follows.' 

2.4.1 Financial 
Interest rates: Neither the ESCO nor the customer has significant control over the prevailing 
interest rate. During the project development interest rates w i l l  change with market 
conditions. Higher interest rates will increase project cost, finance term, or both. The timing 
of the contract signing may affect the available interest rate and project cost. ClarifS. penalties 
for total or partial payoff of the project or project financing. 

Energv ~r ices :  Neither the ESCO nor the customer has significant control over actual energy 
prices. For calculating savings, the value of the saved energy may be held constant, change at 
a fixed inflation rate, or float with market conditions. Calculated savings based on stipulated 
energy prices may be higher or lower than actual savings depending on actual (future) energy 
costs. Clarify what energy price assumptions will be used for calculating savings. 

Construction costs: The ESCO is responsible for determining construction costs and defining 
a budget. In a fixed-price design/build contract. the customer assumes little responsibiliQ for 
cost overruns. However, if construction estimates are significantly greater than originally 
assumed, the ESCO may find that the project or measure is no longer viable and drop it. In 
any design/build contract the customer loses some design control. Clarify design standards 
and the design approval process (including changes), and how costs will be reviewed. Clarify 
what internal and external reviews need to be made and by whom. 

Measurement & Verification: The customer assumes the financial responsibility for M&V 
costs directly or indirectly through the ESCO. If the customer wishes to reduce project cost. it 
may do so by accepting less rigorous M&V activities with more uncertainty in the savings 
estimates. Clarify what performance is being guaranteed (equipment performance. 
operational factors, energy cost savings), and that the M&V plan is robust enough to verify it. 
Clarify the reasonableness, validity and limitations of any M&V models. Document the basis 
of all stipulated values. 

Avoided costs: The customer and the ESCO may agree that the project includes savings from 
recurring andlor one-time energy-related cost savings. This may include one-time savings 
from avoided capital expenditures for projects that were planned and budgeted but \\ill no 
longer be necessary. Operations and maintenance savings may result from reduced parts and 
labor costs. However, O&M savings need to be based on actual budget and spending patterns, 
even if that amount was insufficient to properly maintain a system. Clarify sources of cost 
savings and whether cost savings are one-time or recumng. 

' Adapted from the US Federal Energy MMagment Pragm's Responsibility Mauir for Federal Perfomancs ConuacIS. 
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Chapter 2 Incorporating M&V into ESCO Conbads 

Delays: Both the ESCO and the customer can cause delays. Failure to implement a viable 
project in a timely manner costs the customer unrealized savings and can add cost to the 
project (e.g. inflation, construction interest, re-mobilization). Clarify the project schedule and 
how delays will be handled. 

Major changes in facilitv: The customer controls major changes in facility use, including 
closure. If a facility is closed or experiences major changes in business, the realized savings 
may vary significantly. Clarify responsibilities in the event of a premature facility closure 
(total or partial), loss of business, or other major changes. 

2.4.2 Operational 
Operating hours: The customer generally has control over the operating hours. Increases and 
decreases in operating hours can show up as increases or decreases in '.savings" depending on 
the M&V method (e.g. operating hours times improved efficiency of equipment vs. whole 
building utility analysis). If the operating hours are stipulated, the baseline should be 
carefully documented and agreed to by both parties. Clarify if operating hours are to be 
measured or stipulated, and what is the affect on savings if they change. 

Load: Equipment loads can change over time. The customer generally has control over hours 
of operation, conditioned floor area, intensity of use (e.g. changes in occupancy or level of 
automation). Changes in load can show up as increases or decreases in '-savings" depending 
on the M&V method. If the equipment loads are stipulated, the baseline should be carefully 
documented and agreed to by both parties. Clarify if equipment loads are to be measured or 
stipulated and what is the affect on savings if they change. 

Weather: Many energy efficiency measures are affected by weather. Neither the ESCO nor 
the customer has control over the weather. Changes in weather can increase or decrease 
"savings" depending on the M&V method (e.g. equipment run hours times efficiency 
improvement vs. whole building utility analysis). If weather is "normalized," actual savings 
could be less than payments for a given year, but will "average out" over the long run. 
Weather corrections to the baseline or ongoing performance should be clearly specified and 
understood. 

User participation: Many energy conservation measures require user (customer) participation 
to generate savings (e.g. control settings). Without a clear description of how savings svill be 
realized and who will be responsible for maintaining user participation, ESCOs may be 
unwilling to invest in these measures. If performance is stipulated, document and review 
assumptions carefully, and consider how M&V will confirm the capacity to save (e.g. 
confirm that the controls are functional). Clarify how savings will be realized and who \\ill be 
responsible for maintaining user participation. 

2.4.3 Performance 
Initial equipment verformance: Generally the ESCO has control over the selection of 
equipment and is responsible for its proper installation. commissioning and initial 
performance. The ESCO usually has responsibility to demonstrate that the new improvements 
meet expected performance levels including specified equipment capacity. standards of 
service, and efficiency. Clarify who is responsible for initial performance. how \\ill it be 
verified, and what will be done if performance does not meet expectations. 

Long-term equipment performance. Initial equipment performance is controlled by the 
ESCO. However. if the customer retains some or all of the maintenance responsibility 
(including scheduled and unscheduled maintenance, repairs, and replacements as necessary). 
the ESCO could lose control of performance. Clarify who is responsible for long term 
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performance, how will it be verified, and what mill be done if performance does not meet 
expectations. 

Operation: Responsibility for operation is negotiable and can affect performance. Clarif?. how 
proper operation will be assured. Clarify responsibility for operations and the implications of 
equipment control. 

Maintenance & reoair: Responsibility for maintenance and repair is negotiable. ho\\-ever it is 
often tied to performance. Clarify how long-term maintenance and repair \+ill be assured. 
especially if the party responsible for long-term performance is not responsible for 
maintenance. Clarify who is responsible for equipment overhaul, and component or 
equipment repair required to maintain operational performance throughout the contract term. 
Special attention is required if the customer outsources maintenance. Clarif?. what \will 
happen if equipment performance is affected by poor maintenance and repair. 

Eauipment replacement: Responsibility for replacement of contractor-installed equipment is 
negotiable, however it is often tied to equipment performance. Clarify who is responsible for 
replacement of failed components or equipment throughout the term of the contract. 
Specifically address potential impacts on performance due to equipment failure. Life of 
equipment is critical to performance during the contract term. Clarify life expected and 
warranties for all installed equipment. 

2.5 M&V Activities 

Measurement and verification activities are defined by a project-specific M&V plan. The 
plan describes how project performance will be evaluated and by whom. Developing an 
M&V plan is an inherent part of the energy-efficiency project, not an add-on item. 
Implementing the activities defined in the plan are essential to the project's ultimate success 
and customer satisfaction. 

The purpose of these protocols is to define the elements of a successful M&V plan and to 
assist the ESCO and customer in developing a plan that meets the needs of all parties. 
Developing an M&V plan is a cooperative effort between the ESCO and the customer (and 
possibly the financier). Results from the M&V efforts need to address the customer's and the 
ESCO's risks while remaining cost-effective. 

Table 2-1 lists in rough chronological order the steps needed to develop an IM&V plan along 
with an energy-efficiency project. The customer needs to be involved in the project as an 
integral partner by providing relevant information and feedback on proposed activities. The 
ESCO needs to treat the customer as a partner and consider their requests and desires. 
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Chapter 2 IncorporaCng M8V into ESCO Con&acts 

Table 2-1: M&V Plan Development 

The roles of each party in these steps are described in the contract, depending on the t>pe of 
specific business agreements, risk allocation, and accuracy of desired verification. In general, 
however, the ESCO provides documentation on equipment and demonstrated savings. 

Documents submitted to the customer include the project pre-installation report, project post- 
installation report, and regular interval reports. These steps should apply to most projects: 
however, some M&V activities might not be necessary if certain variables, used in estimating 
savings, are stipulated in the contract. The steps identified above are briefly described in the 
following paragraphs. 

A project-specific M&V plan that is based on these M&V Guidelines should be defined. This 
M&V plan will consider the type of project proposed, the desired level of confidence, and the 
level of accuracy of verification needed. The ESCO will propose a site-specific plan to be 
finalized either before or after execution of a contract or delivery order. 

The M&V plan should include a project description, facility equipment inventories. 
descriptions of the proposed measures, energy and cost savings estimates, budget 
documentation (construction and M&V budgets), and proposed construction and M&V 
schedules. AAer the M&V plan is finalized, baseline documentation and analysis is 
conducted and project installation proceeds. Pre-installation metering is conducted in 
accordance with the site-specific M&V plan. Once the pre-installation metering and analysis 
is completed and approved by both parties, the project can be installed. 

After the measures are installed and commissioned, the expected first-year energy-savings are 
estimated and documented in the post-installation report. It does not replace the first-year 
M&V report. 

0 Naam Performance Monitoring and Verification Protocols 2-6 

9 



1 ill 

iaJ 

Chapter 3 Overview of IPMVP M&V Guidelines 

3.1 Basic Concepts 

Facility energy savings are determined by comparing the energy use before and after the 
installation of energy conservation measures. The "before" case is called the baseline; the 
"after" case is referred to as the post-installation or performance period. Proper determination 
of savings includes adjusting for changes that affect energy use but that are not caused by the 
conservation measures. Such adjustments may account for differences in weather, addition of 
loads, throughput, product-mix, raw material changes, number of shift operation changes and 
occupancy conditions between the baseline and performance periods. In general. 

Savings = Baseline Energy Use - Post-Installation Energy Use + Adjustments 

Baseline and post-installation energy use can be determined using the methods associated 
with several different M&V approaches. A range of options is available to provide suitable 
techniques for a variety of applications. How one chooses and tailors a specific option is 
based on the level of M&V rigor required to obtain the desired accuracy level in the savings 
determination and is dependent on the complexity of the project, the potential for changes in 
performance, and the savings value. 

The Adjustments term in equation (1) can be of two different types: 

Routine: Adjustments for changes in parameters that can be expected to happen 
throughout the post-retrofit period and for which a relationship with energy use/ demand 
can be identified. These changes are often seasonal or cyclical, such as weather or 
occupancy variations. 

Non-Routine: Adjustments for changes in parameters which cannot be predicted and for 
which a significant impact on energy useldemand is expected. Non-routine adjustments 
should be based on known and agreed changes to the facility. 

The purpose of quantifying the energy savings in Equation 1 is to determine the cost savings 
to the customer. Energy savings alone do not justify a project; the customer must realize cost 
savings for a project to be economically viable. The cost savings are the difference behveen 
the customer's utility costs before the project and what they pay after. In general. 

Eauation 12) 

Cost Savings = (Energy Rate~,,li,,)(Baseline Energy Use c,dj,ld,) - 
(Energy Ratepo,t.~e~ofit)(Post-Installation Energy Use f Adjustments) 

Energy rates in Equation 2 are different for the baseline case and the post-retrofit case to 
account for potential changes in utility rate schedules (e.g., flat rate to time-of-day) or fuel 
switching (e.g., electricity to oil or oil to solar). 

In the context of verifying energy savings, 'energy' refers to all commodities and their 
associated costs: electricity, fuel oil, natural gas, firewood. or other. (Most of the principles 
discussed here can be applied to water as well even though it is not an energy source.) The 
IPMVP identifies four approaches that can be used to verify project performance and energy 
savings. 
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3.2 M&V Methods 

The four M&V approaches are primarily differentiated by where the energy use 'boundary 
line' is drawn. If only the measure being implemented is being evaluated independent of 
other energy using systems, the approach is considered retrofit isolation. If the performance 
of a measure or a number of measures affects an entire facility and the total energy 
consumption is evaluated, the approach is considered whole facility. These hvo approaches 
are further divided according to the level of rigor and type of analysis used. These various 
approaches are given letter names as shown in Table 3-1 

Table 3-1: M&V Method names 

Table 3-2 provides details of the different options. 

Table 3-2: Summary of M&V - Options, Savings Calculations & Applications 

Retrofit Isolation Methods 

Option A - Partial andlor one-time 
measurement 

Option B -Periodic or continuous 
measurement 

Savings are determined by measurement 
of the energy use of the system@) being 

that have no/ little impact on 
modified, separate from the energy use of 
the rest of the facility. Measurements 
may be either short-term or continuous. 

retrofits and motor efficiency 
Partial measurement means that some but upgrades. Typically, loads are not all parameter(s) may be stipulated if 

measured before and after 
the total impact of possible stipulation 

retrofit while operatins hours 
error(s) is not significant to the resultant 
savings. Careful review of design and 
installation will ensure that stipulated 
values fairly represent the probable actual 
value. Stipulations should be shown in 
the M&V Plan along with analysis of the 

Whole Facility Methods 

Option C - Whole facilib energy 
analysis 

Option D - Computer simulation. 
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Savings are determined by measurement 
of the total energy use of the system(s) 
being modified, separate from the energy 
use of the rest of the facility. Short-term 
or continuous measurements are taken 
throughout the post-retrofit period. 

C. Whole Facility 

Savings are determined by measuring 
energy use at the whole facility level. 
Continuous observation of total energy 
use is made during the post-retrofit 
period. 

calculations 
using short term 
or continuous 
measurements 

Analvsis of 
whole facility 
utility meter, 
sub-meter data, 
or fuel delivery 
information 
using regression 
modeling. 

improvement which has 
savings less than 20% energy 
reduction on the total bill and 
that have no/ little impact on 
other systems or measures. 

Typical applications include 
systems with varying loads 
and/or operating hours such as 
variable-speed drives on fans 

reduction is expected to be 
20% or more. 

Typical applications include 
comprehensive and fuel- 
switching projects. 

3.2.1 Option A 
Option A M&V methods involve a retrofit or system-level M&V assessment. The approach is 
intended for retrofits where either performance factors (e.g., end-use capacity, demand. 
power) or operational factors (lighting operational hours, cooling ton-hours) can be spot or 
short-term measured during the baseline and post-installation periods. The factor not 
measured is stipulated based on assumptions, analysis of historical data, or manufacturer's 
data. Using a stipulated factor is appropriate only if supporting data demonstrates its value is 
not subject to fluctuation over the term of the contract. 

D. Calibrated Simulation 

Savings are determined through 
simulation of the energy use of 
components or the whole facility. 
Simulation routines must be 
demonstrated to adequately model actual 
energy performance measured in the 
facility. This option usually requires 
considerable skill in calibrated 
simulation. 

All end-use technologies can be verified using Option A: however, the accuracy of this 
option is generally inversely proportional to the complexity of the measure. In addition. 
within Option A, various methods and levels of accuracy in veribing performance1 operation 
are available. The level of accuracy depends on the validity of assumptions, quality of the 
equipment inventory, and whether spotlshort-term measurements are made. The penalty 
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Energy use 
simulation, 
calibrated with 
hourly or 
monthly utility 
billing data 
andlor end-use 
metering. 

Especially applicable to 
envelope modifications 
(windows, insulation). W A C  
controls, and new construction 
projects where baseline 
information does not exist. 
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associated with low accuracy is not achieving the estimated measure savings and the 
associated utility bill cost reductions. 

Option A can be applied when identifying the potential to generate savings is the most critical 
M&V issue, including situations in which: 

The magnitude of savings is low for the entire project or a portion of the project to which 
Option A can be applied. 

The risk of achieving savings is low or ESCO payments are not directly tied to actual 
savings. 

Option A is intended for projects in which the potential to generate savings must be verified. 
but the actual savings can be determined from stipulated factors, short term data collection. 
and engineering calculations. Post-installation energy use is not measured throughout the 
term of the contract. Post-installation and perhaps baseline energy use is predicted using an 
engineering or statistical analysis of information that does not involve long-term 
measurements. 

With Option A, savings are determined by measuring the capacity, efficiency, or operation of 
a system before and after a retrofit and by multiplying the difference by a stipulated factor. 
Stipulation is the easiest and least expensive method of determining savings. It can also be 
the least accurate and is typically the method with the greatest uncertainty of savings. This 
level of verification may suffice for certain types of projects in which a single factor 
represents a significant portion of the savings uncertainty. Option A is appropriate for 
projects in which both parties agree to a payment stream that is not subject to fluctuation due 
to changes in the operation or performance of the equipment. 

Option A includes procedures for verifying the following: 

Baseline conditions have been properly defined. 

The equipment and/or systems contracted to be installed were installed. 

The installed equipmentlsystems meet contract specifications in terms of quantity. 
quality, and rating. 
The installed equipment is operating and performing in accordance with contract 
specifications and is meeting all functional tests. 

The installed equipment1 systems continue, during the term of the contract, to meet 
contract specifications in terms of quantity, quality, rating, operation, and functional 
performance. 

This level of verification is all that is contractually required for certain types of performance 
contracts. Baseline and post-installation conditions (e.g., equipment quantities and ratings 
such as lamp Wattages, chiller kWIton, motor kW, or boiler efficiency) represent a significant 
portion of the uncertainty associated with many projects. 

Within Option A, various methods and levels of accuracy in verifying performance are 
available. The level of accuracy depends on the quality of assumptions made. and it can also 
depend on whether an inventory method is used for ensuring nameplate data and quantity of 
installed equipment or whether short-term measurements are used for verifying equipment 
ratings, capacity, operating hours and/or efficiency. 

The potential to generate savings may be verified through obsenlation, inspections, and/or 
spotlshort-term metering conducted immediately before and/or immediately after installation. 
Annual (or some other regular interval) inspections may also be conducted to verify an 
measure's or system's continued potential to generate savings. 
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Savings potential can be quantified using any number of methods, depending on contract 
accuracy requirements. Equipment performance can be obtained either directly (through 
actual measurement) or indirectly (through the use of manufacturer data). There may be 
sizable differences between published information and actual operating data. 

Where discrepancies exist or are believed to exist, field-operating data should be obtained. 
This could include spot measurement for a constant load application. Short-term M&V can be 
used if the application is not proven to be a constant load. Baseline and post-installation 
equipment should be verified with the same level of detail. Either formally or informally. all 
equipment baselines should be verified for accuracy and for concurrence with stated 
operating conditions. Actual field audits are almost always required. 

3.2.2 Option B 
Option B is intended for a system-level M&V assessment of the retrofit where performance 
factors (e.g. end-use capacity, demand, power) and operational factors (lighting operational 
hours, cooling ton-hours) can be measured at the component or system level. It is appropriate 
to use spot or short-term measurements to determine energy savings when variations in 
operations are not expected to change. When variations are expected, it is appropriate to 
measure factors continuously during the contract. 

Option B is typically used when any or all of these conditions apply: 

For simple equipment replacement projects with energy savings that are less than 20% of 
total facility energy use as recorded by the relevant utility meter or sub-meter. 

When energy savings values per individual measure are desired. 

When interactive effects are to be ignored or are stipulated using estimating methods that 
do not involve long-term measurements. 

When the independent variables that affect energy use are not complex and excessivel>: 
difficult or expensive to monitor. 

When sub-meters already exist that record the energy use of subsystems under 
consideration 

Option B involves the same procedures as Option A but generally involve more and longer 
ues to ensure end-use metering. Option B relies on the physical assessment of equipment chan, 

the installation is to specification. The potential to generate savings is verified through 
observations, inspections, and spot, short-term, or continuous metering. The continuous 
metering of one or more variables may only occur after retrofit installation. Spot or short- 
term metering may be sufficient to characterize the baseline condition. 

Option B is for projects in which (a) the potential to generate savings must be verified and (b) 
actual energy use during the contract term needs to be measured for comparison with the 
baseline model for calculating savings. Option B involves procedures for verif?.ing the same 
items as Option A, plus the determination of energy savings during the contract term through 
short-term or continuous end-use metering. 

All end-use technologies can be verified with Option B; however, the degree of difficulty and 
costs associated with verification increases as metering complexity increases. Energ>- savings 
accuracy is defined by the owner or is negotiated with the ESCO. The task of measuring or 
determining energy savings using Option B can be more difficult and costly than that of 
Option A. Results are typically more precise, however. than the use of stipulations as defined 
for Option A. 
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Methods involve the use of pre- and post-installation measurement of one or more variables. 
If operation does not vary between pre and post conditions, monitoring pre-installation 
operation is not necessary. Spot or short-term measurements of factors are appropriate when 
variations in loads and operation are not expected. When variations are expected. it is 
appropriate to measure factors continuously. Performing continuous measurements (i.e. 
periodic measurements taken over the term of the contract) account for operating variations 
and will result in closer approximations of actual energy savings. Continuous measurements 
provide long-term persistence data on the energy use of the equipment or system. This 
information can be used to improve or optimize the operation of the equipment on a real-time 
basis, thereby improving the benefit of the retrofit. In situations like constant-load retrofits 
there may be no inherent benefit of continuous over short-term measurements. Measurement 
of all affected pieces of equipment or systems may not be required if statistically valid 
sampling is used. For example, population samples may be measured to estimate operating 
hours for a selected group of lighting fixtures or the power draw of certain constant-load 
motors that have been determined to operate in a similar manner. 

3.2.3 Option C 
Option C encompasses whole-facility or main-meter verification procedures that provide 
retrofit performance verification for those projects in which whole-facility baseline and post- 
installation data are available. Option C usually involves collecting historical wvhole-facility 
baseline energy use data and the continuous measuring of whole-facility energy use afier 
project installation. Baseline and periodic inspections of the equipment are also wvarranted. 
Energy savings under Option C are estimated by developing statistically representative 
models of whole-facility energy consumption (e.g., kwh, kJ, or liters of fuel) as a function of 
readily-quantified variables that affect energy use (e.g., outdoor temperature, unit production. 
visitor-nights). 

In general, Option C can be used with complex equipment replacement and controls projects 
for which predicted savings are relatively large (i.e., greater than about 10% to 20% of the 
site's energy use), on a monthly basis. Option C regression methods are valuable for 
measuring interactions between energy systems or determining the impact of projects that 
cannot be measured directly, such as insulation, window films, or other building envelope 
measures. Specific difficulties associated with Option C methods include meeting the 
following requirements: 

Having available at least 12, and preferably 24, months of pre-installation data to 
calculate a baseline model. 

Having available at least 9, and preferably 12, months of post-installation data to 
calculate first-year savings. 

Collecting adequate non-energy-use data (e.g., weather, production, occupancy) in order 
to generate accurate baseline and post-installation models. 

With Option C, energy savings evaluations using facility-level metered data may be 
completed using techniques ranging from simple billing comparison to multivariate 
regression analysis. Utility bill comparison is the use of utility billing data (liters of fuel oil. 
kwh) and simple mathematical techniques to calculate annual energy savings. Utility bill 
comparison is a very simple and, typically, an unreliable method. It is applicable only to v e q  
simple projects in which energy use changes are a direct result of measure installation and no 
other factors need to be considered. 

Option C regression modeling is a specific statistical technique appropriate for determining 
energy savings. Regression models can take into account the effects of weather and other 
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independent variables on energy use; utility bill comparison techniques cannot. Utility bill 
regression analysis involves developing a model to estimate baseline energy use. Energy 
savings are estimated by comparing energy use predicted by the baseline model (forecasted 
into the post-installation period) to post-installation utility billing data. The analysis requires 
an empirical evaluation of the behavior of the facility as it relates to one or more independent 
variables. The variables may include weather, occupancy, and production rate. 

3.2.4 Option D 
Option D involves the use of computer simulation software to predict facility energy use for 
Baseline or Post retrofit energy use. Such simulation models must be "calibrated" so that it 
predicts an energy use and demand pattern that reasonably matches actual utility consumption 
and demand data fiom either the baseyear or a post-retrofit period. 

Option D may be used to assess the performance of all measures taken at a facility, akin to 
Option C. However, different fiom Option C, multiple runs of the simulation tool in Option D 
allow estimates of the savings attributable to each measure within a comprehensive project. 

Option D may also be used to assess just the performance of individual systems \\ithin a 
facility, akin to Options A and B. In this case, the system's energy use must be isolated from 
that of the rest of the facility by appropriate meters. 

The simulation model may involve elaborate models, spreadsheets, vendor estimating 
programs etc. Calibration is achieved by linking simulation inputs to actual operating 
conditions and comparing the simulation results with end-use or whole-facility data. The 
simulation may be of a whole facility or just the affected equipment end-use. 

The following points should be considered when completing simulations for M&V: 

Simulation analysis needs to be conducted by trained and experienced personnel who are 
familiar with the software used. 

Input data should represent the best available information including, if possible, the same 
or similar data and precautions described above for billing analysis. 

The simulation needs to be calibrated by its ability to track with real utility billing data 
andlor sub-metering data with acceptable tolerances. 

Simulation analyses need to be well documented with hard copy and electronic copies of 
input and output "decks" as well as the survey and metering /monitoring data used to 
define and calibrate the model. 
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Chapter 4 M&V Plan Development and Reporting 
The purpose of any measurement & verification protocols is to guide the development of the 
M&V plan for a specific project. The plan contains the description of work to be performed. 
the results of measurements taken to date, the method by which energy and cost savings _s\iI\ill be 
calculated, and all assumptions used within the calculations. 

4.1 Selecting an M&V Method 

Since the primary purpose of M&V is to demonstrate performance and validate guarantees. the 
cost of M&V efforts should be relative to the project savings. Consequently, the objective of 
M&V should not necessarily be to derive a precise energy savings value but ensure that the 
resulting energy savings are reasonably close to the savings predicted. The appropriate level of 
M&V rigor and accuracy is a level that protects the project investment. The selection of an 
M&V approach needs to consider: 

Project cost 

Expected savings 

Uncertainty or risk of savings being achieved 

Risk allocation between the parties 

Whether the contract is based on guaranteed performance (fixed payments) or shared 
savings (variable payments) 

Number and complexity of dependent and independent variables that may need to be 
metered or accounted for in analyses 

Availability of existing data collecting systems (e.g., energy management systems) 

Contract term 
As noted, the level of certainty and thus effort required to verify a project's actual performance 
will vary from project to project. The project-specific M&V plan should be prepared uith 
serious consideration of what M&V requirements, reviews, and costs will be specified. These 
are some factors that affect the decision of which M&V option and method to use for each 
ESCO project. 

4.2 Risk Assessment 

A key factor in the selection of an appropriate M&V plan is proper Risk Assessment. The 
major risks associated with an ESCO project can be classified as: 

Uncertainty Risk 

Performance Risk 

Usage Risk 

Financial Risk 
The purpose of measurement & verification activities is to minimize risk to acceptable levels 
and alIocate the remainder to the parties responsible for controlling them. All of the risk factors 

oe amounts contribute to uncertainty in the savings estimates. If simple M&V methods with lar, 
of uncertainty are used, then there is very little confidence in the savings estimates. This may 
mask savings shortfalls and presents a risk to the customer. More rigorous (and more costly) 
M&V methods may reveal savings shortfalls that simpler methods do not. This is how M&V 
reduces risk- by identifying savings shortfalls. By understanding these risks. the appropriate 
actions can be taker1 to mitigate them. 
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4.2.7 Uncertainty Risk 
Uncertainty risk is simply the inability to exactly and consistently quantify the savings. Since 
savings are estimated by comparing a system to the way it operated before and the way it 
operates after a measure is installed, claimed savings are always estimates. Uncertainty in the 
estimated savings is introduced through: 

* Measurement error 

Sampling error 

Random variations 

Simplifying assumptions 
Even though a large number of parameters can be measured, there may still be errors 
associated with measuring equipment. Since not every piece of equipment can be measured. 
sampling techniques are often used which can introduce additional uncertainty. Random 
variations occur in energy use or equipment that may be related to human behaviour. weather 
conditions, or other random factors. Simplifying assumptions are sometimes used \\hen it is 
too difficult to measure or estimate a parameter, introducing additional uncertainty. 

All of these factors prevent obtaining a 'true' estimate of the savings. In measurement and 
veritication, the goal is to minimize these uncertainties to acceptable levels with the 
understanding that they can never be completely eliminated. 

4.2.2 Performance Risk 
Performance risk is related to actual equipment performance. Replacing old, inefficient 
equipment with new will usually provide savings. But new equipment will also become old 
and worn out with time, reducing its inefficiency. A poor Operations and Maintenance 
(O&M) regimen can hasten degradation. 

Occasionally, poor performance is due to faulty design or selecting the \\Tong piece of 
equipment for the job. These are factors that the ESCO controls since typically. it is the 
ESCO that is responsible for both proper design and performance of equipment. Because the 
ESCO usually assumes the responsibility of maintaining adequate performance. they usually 
assume the savings risk. 

4.2.3 Usage Risk 
Usage risk is related to how much or how often a piece of equipment is used. Usage can be 
defined as: 

Operating hours (lighting, equipment) 

Occupancy or schedules 

* Heatinglcooling loads 

* Production 
The customer usually has control over the operating hours, the schedules and whether the 
space is kept hotter or colder than originally intended. Although these factors significantly 
affect savings, the ESCO has little control over these and hence ESCOs are reluctant to 
assume the risks that arise from usage changes. 

4.2.4 Financial Risk 
Financial risk relates to factors such as interest rates and energy costs. Many of these are 
functions of market conditions. Neither the ESCO nor the customer has significant control 
over actual energy prices. For calculating savings, the value of saved e n e r g  may either be a 
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constant, change at a fixed inflation rate, or float with market conditions. Depending on the 
market, either the ESCO or the client may be placed at a risk, if the value fluctuates. 

Falling energy prices place the ESCO at risk of failing to meet the guaranteed cost savings. 
On the other hand, in the event of an energy price rise, there is a small risk to the client that 
energy saving goals might not be met but the financial goals are. If the value of saved energy 
is fixed (either constant or escalated), the customer risks making payments in excess of actual 
energy cost savings. 

To minimize uncertainty in long-term projects, the baseline and post-retrofit energy rates 
should be specified in the M&V plan. Allowing the energy rate upon which savings are based 
to fluctuate with market conditions means that the cost savings will likewise fluctuate. a 
situation that may affect project financing and customer dissatisfaction. 

4.3 Stipulations 

To stipulate a parameter is to hold its value constant regardless of what the actual value is 
during the contract term. A stipulation in an M&V plan is an agreement behveen the ESCO 
and the customer to accept a defined value or hnctional form of a specific factor to be used 
in determining the baseline and/or post-installation energy consumption, which \\ill be used 
to estimate the savings. If related requirements are met (e.g., satisfactory commissioning 
results were submitted, annual verification of equipment performance is performed. and that 
maintenance is being done), the reported savings estimate is considered reliable. 

Stipulated values must be based on reliable, traceable, and documented sources of 
information such as 

standard lighting tables from recognized sources, 

manufacturer's specifications, 

building occupancy schedules, 

maintenance logs, 
performance curves published by recognized organizations 

Sources of stipulated values must be documented in the M&V plan. Even when stipulated 
values are used in place of measurements, verifying equipment performance (technically. the 
potential to perform) is still required. Note that direct stipulation of energy savings is riot 
recommended. 

Properly used, stipulations can reduce M&V costs and simplify procedures. Improperly used. 
they can give M&V results an undeserved aura of authority. Deciding whether parameters 
should be stipulated requires understanding how they will affect savings, judging their affect 
on reliability and uncertainty of results, and balancing customer desires with the costs. risks. 
and goals of the project. 

Evaluation of a few key aspects of the project should drive decisions about whether to use 
stipulations and how to use them effectively in an M&V plan: 

the magnitude of the measure's cost savings 

availability of reliable information 

the project's likelihood of success 

* uncertainty of the stipulated parameter and its contribution to overall project uncertainty 

the cost of measurement, and 
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responsibilities of the ESCO and customer 

Stipulations can be used to apportion risks and responsibilities to the appropriate parties. 
"Risk" in the M&V context refers to the uncertainty that expected savings will be realized. 
Both ESCOs and customers are reluctant to assume responsibility for factors they cannot 
control, and stipulations are often used to match control and responsibility. Risks in energy 
projects can be categorized as relating to either equipment performance or operational factors 
(usage). 

Examples of commonly stipulated values include lighting fixture operating hours and factor). 
production levels. The customer controls these values and by stipulating them, the customer 
is assuming the responsibility for any changes. Stipulating performance factors (e.g., lighting 
kW, motor efficiency) moves the responsibility for them from the ESCO to the customer. 
This is contrary to the intent of a guaranteed savings project and should be avoided. 

4.4 Minimum Operating Conditions 

An energy efficiency program should not compromise the operations of the facility to which 
it is applied without the agreement of the tenants, facility users, or process managers. 
Therefore the M&V Plan should record the agreed conditions that will be maintained. This 
includes factors such as workplace lighting levels, air-condition set points and relative 
humidity, and production output. 

4.5 Weather Data 

Where monthly energy measurements are used, weather data should be recorded daily and 
matched to the actual metering period. For monthly or daily analysis, published weather data 
should be treated as the most accurate and reliable. However weather data from such source 
may not be available as quickly as site-monitored weather data. In many cases. published or 
government-provided weather data may not be available at all. While site-collected data can 
(and probably should) be used, the lack of long-term baseline information may make reliable 
baseline calculations difficult or impossible. 

When analyzing the response of energy use to weather in mathematical modeling, daily mean 
temperature data or degree-days may be used. Additionally, the effects of the monsoons 
(cloud cover) and the resulting solar radiation may affect air conditioning loads. Factors other 
than temperature may need to be considered in some cases. 

4.6 Energy Prices 

Since the primary purpose of a performance contract is to ultimately reduce the customer's 
energy costs, the valuation of the saved energy is essential to the success of a project. Energy 
cost savings are calculated by applying the price of each energy or demand unit to the 
calculated savings. The baseline energy price should be based on the energy provider's rate 
schedule or historical average prices. 

Unit energy prices for every year during the contract term should be clearly specitied in the 
contract. Allowing the energy price to float with market conditions imposes risks on both the 
customer and the ESCO. In a guaranteed savings arrangement, falling energy prices place the 
ESCO at risk of not meeting cost savings targets while rising energy prices place the 
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customer at risk of not meeting energy savings goals'. In a shared savings arrangement, both 
the customer and the ESCO share the price volatility risk. 

If a project includes fuel switching or a change in the rate structure, baseline energy use 
needs to be valued at baseline energy rates and post-retrofit energy use needs to be valued at 
the new rates. The goal is to compare real baseline energy costs to new energy costs. 
Simplified savings calculations using blended prices which aggregate all aspects of billing 
affected by metered amounts, such as consumption charges, demand charges, and power 
factor are to be avoided. For contracts longer than a few years, it is appropriate to escalate the 
energy costs by the historic inflation rate. 

4.7 Baseline Adjustments (Routine) 

Many factors affect the performance of equipment and achievement of savings. Depending 
upon the scope of the savings determination boundaries, the range of parameters of concern 
can be very focused or as wide as the whole facility. Examples of such parameters include 
lighting operating hours (focused) or monthly production (broad). 

In the savings equation (Energy Savings = Baseline - post-retrofit f adjustments), parameters 
that are predictable and measurable can be used for routine baseline adjustments. Such 
adjustments reduce the variability in reported savings, or provide a greater degree of certainty 
in reported savings. Examples of variables that can be used for routine adjustments include 
facility or equipment operating hours, weather, hotel occupancy, or factory production. 

4.8 Baseline Adjustments (Non-Routine) 

Unpredictable parameters within the boundaries of a savings determination may require 
future non-routine Baseline Adjustments (e.g. load creep or addition of loads. chan~ges in 
schedule or monthly production). Unmeasured parameters may give rise to savings 
fluctuations for which no adjustment can be computed, only guessed (e.g. raw material 
quality, air infiltration rate). Therefore, when developing an M&V plan, consideration should 
be given to the predictability of the relevant factor and how easy it is to measure it. 

Examples of situations that may require non-routine baseline adjustments are: 

changes in the end-use loads 
changes in the amount or use of equipment 

changes in set-point temperatures 

changes in schedule or throughput 
Baseline adjustments are not needed where: 

a key variable stipulated in the M&V Plan changes in the post-retrofit period 

changes occur to equipment beyond the boundary of the savings determination. 

Baseyear conditions need to be well-documented in the M&V Plan so that proper adjustments 
can be made. It is also important to have a method of tracking and reporting changes to these 
conditions. The facility owner, the agent determining savings, or a third-party verifier may 
track the conditions. It should be established in the M&V Plan who will track and report each 

If a project is not performing as expected but energy prices rise. the ESCO w rightfully claim that ratings garanles ha\e been mcl if 
wst savins targets have been met. 
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condition recorded for the baseyear and what, if any other aspects of facility operation \\ill be 
monitored. 

Non-routine baseline adjustments are determined from actual or assumed physical changes in 
equipment or operations. Sometimes it may be difficult to identify the effect of changes. If 
the facility's energy consumption record is used to identify such changes; the impact of the 
projects on the metered energy consumption must first be removed by Option B techniques. 

4.9 Measurement & Verification Cost 

The cost of determining savings depends on many factors such as: 

M&V Option selected 

Project complexity and amount of interaction between different measures 

Number of energy flows across the boundary drawn around the affected equipment 

Level of detail and effort associated with establishing base-year conditions 

Type and complexity of the measurement equipment (design, installation, maintenance, 
calibration, reading, removal) 

Sample sizes used for metering representative equipment 

Amount of engineering required to make and support the stipulations used in Option A or 
the calibrated simulations of Option D 

Number and complexity of independent variables which are accounted for in 
mathematical models 

Duration of metering and frequency of reporting 

Process of reviewing or verifying reported savings 

Experience and professional qualifications of the people conducting the savings 
determination 

Often these costs can be shared with other objectives such as real time control. operational 
feedback, or tenant sub-billing. It is difficult to generalize about costs for the different M&V 
options since each project will have its own unique set of constraints. However it should be 
an objective of M&V planning to design the process to incur no more cost than needed to 
provide adequate certainty in the reported savings, consistent with the overall project budget. 
The table below shows different elements of M&V costs unique to each Option. 

Table 4-1: Elements of M&V Costs 
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Option A 

Option B 

Option C 

Option D 

Number of measurement points 
Complexity of stipulation(s) 
Frequency of post-retrofit inspection(s) 
Number of measurement points 
Frequency of measurements 
Complexity of stipulation(s) 
Number of meters 
Number of independent variables needed to account for most of the 
Variability in energy data. 
Number and complexity of systems simulated. 
Number of field measurements needed to provide input data. 
Skill of professional simulator in achieving calibration 
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4.10 Balancing Uncertainty and Cost 

There is no formal methodology to determine the most cost-effective M&V approach. It 
requires judgment, experience, and 'common-sense.' As a general rule, the annual savings 
determination costs should not exceed 10% of the average annual savings whle up-front 
costs should not exceed 10% of the project capital cost. Technically complex projects may 
justify higher costs, at least for the first few installations. Simple projects should use simple 
and low-cost M&V approaches. 

Option A commonly involves stipulation and fewer measurement points which reduces costs 
relative to option B. However, more stipulation and less measurement results in greater 
uncertainty and project risk. Deciding which variables to measure and for \\-hat duration 
requires balancing M&V costs with project risk. Parameters that the ESCO is guaranteeing 
should be measured while parameters under customer control are often stipulated. 

Option C can be used to reduce measurement costs provided that the anticipated energy 
reduction will be at least 10% (and preferably 20%) of the total energy use. If a number of 
measures have been installed at one site, Option C can often be less costly than multiple 
OptionA or B approaches. The disadvantage is that option C does not verify at the 
component level and it requires six to twelve months of data to reliably demonstrate that 
savings have been achieved. 

Computer simulation methods are best applied to projects where simulation modeling is part 
of the design process itself (either major retrofit or new construction). This allows cost- 
sharing of an otherwise expensive M&V approach. 

'Common-sense' suggests that the M&V cost should not only be less than the expected 
savings but less than the uncertainty in the savings. If expected annual savings are 
Rs 1,000,000 and that doing no M&V results in an uncertainty of SO%, than the uncertainty 
in the savings estimate is Rs 500,000. It therefore makes no sense to spend Rs 500.000 per 
year to quantify the savings while an expenditure of Rs 50,000 (10% of the uncertainty) 
seems quite reasonable. The quantity and the uncertainty of savings at stake places a limit on 
the M&V cost. 

However, information derived from M&V activities may have additional value other than 
savings estimation. This includes better feedback to operations, enabling an enhancement of 
savings or other operational variables. The information may also be useful in assessing 
equipment sizing for planning plant expansions or replacement of equipment or for gaining 
experience with new technologies. 

Discussions and definitions of site-specific M&V plans should include consideration of 
accuracy requirements for M&V activities and the importance of relating M&V costs and 
accuracy to the value of project savings. However it should be reco-hzed that not all 
uncertainties can be quantified. Therefore both quantitative and qualitative uncertainty 
statements must be considered when considering M&V cost options for each project. 

4.11 Reporting Requirements 

The M&V Plan serves as a central repository for the savings methodology, calculations. and 
supporting information such as measurement results and stipulated values. Periodic M&V 
reports provided to the customer serve as documentation of continued performance and 
savings. There is no requirement for the frequency of M&V reports. but a schedule should be 
set and documented in the M&V plan itself. Some customers like small monthly reports nith 
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a larger annual end-of-year report; others prefer annual reports only. The M&V report 
supports the invoice that the ESCO submits. 

A project-specific M&V plan is required for each project site. The one exception to this rule 
is that a single project-specific M&V plan can be submitted for multiple project sites if. and 
only if, each project site has the same ESCO, measures, occupancy schedule, use, and energy 
consumption patterns as the others. It is the responsibility of the ESCO to document that the 
project sites meet these criteria. At a minimum, a project-specific M&V plan should include 
the following: 

A summary of the energy-efficiency measures being installed at the site. how those 
measures will save energy, and the key variables affecting the realization of energy 
savings. 

Key assumptions about significant variables or unknowns. Describe any stipulations that 
will be made and the source of data for the stipulations. 

The firm responsible for conducting M&V activities, and who specifically \till conduct 
metering, analysis, and reporting activities. 

The methods of calculating both energy and cost savings. Indicate the key equations or 
analysis tools (such as DOE-2 computer simulation software). Include a complete "path" 
indicating how collected survey and metering data are used in the calculation of energy 
and cost savings. 

8 The methods for determining baseline energy consumption and making baseline 
adjustments. 

A discussion of the monitoring activities, metering equipment, equipment source and 
accuracy, calibration procedures, metering schedule (includes duration and time of day 
and year), and data format. 

A description of any sampled measurements being used, why it is required, sample sizes. 
how sample sizes were selected, and how random sampling points \till be selected. 

Accuracy requirements to be achieved for at least the key components, if not for the entire 
analysis. Example: "Accuracy requirements for all power monitoring devices are 
specified as being within *2% of true reading." 

A discussion of how quality assurance is to be maintained and confirmed. 

A discussion of the reports to be prepared over the course of the contract, the content of 
each report, and the dates that the reports will be submitted. Electronic format data 
directly from a meter or a data logger should be submitted for any short- or long-term 
metering. 

A schedule for implementing the M&V activities. This schedule must list each bl&V 
task, the party responsible for performing the task, and the date the task \\ill be 
completed. 

A table showing the cost of conducting M&V activities. Include equipment costs 
(purchase or lease costs) and labor costs. For labor costs, include a table with lines 
describing each major task, the hourly rate of performing that task, the number of hours 
the task requires, and the total cost for each task. 

Figure 4-1 is a checklist to help with preparation of the project-specific M&V plan using 
methods defined in this document3. 

Adapted from the US Federal Energy Management Program's ' M e V  Plan Review Checklist.' 
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Figure 4.1: Checklist for project-specific M&V plans 

I Project site and projed defined. 

rn Project-specific M&V plan is defined for each projed (OR) 

rn Project-specific M&V plan defined for multiple projects. if and only it . Projects have the same ESCO, and 

' Project sites have the same occupancy schedules. use. and energy consumption patterns. 

M&V method(s) (chapters) for each measure is defined. 

Who will condud the M&V activities and prepare M&V analyses and documentation is defined 

Details of how calculations will be made are defined. All equations are shown. Provided information shows how mlleded 
data and assumptions are used to calculate resulting savings that will be presented to Agency. 

Metering equipment is specified, including who will provide equipment, establish and ensure its armracy and perform 
calibration procedures. 

' Generic types of metering equipment are indicated. OR 

I rn SpecAc meters with specfications are indicated 

I Schedule of metering, including duration and when it will occur is defined. 

I rn How data from metering will be validated and reported, including formats, are defined. 

I rn Eledronic. formatted data, directly from a meter or data logger. will be provided. 

I Key assumptions about significant variables or unknowns are defined. 

' Any stipulations. as well as the source of data for the stipulations, are defined. 

I ' How any baseline adjustments will be made is defined 

' Any sampling that will be used, why it is required, sample shes. documentation on how sample sees were selected. and 
information on how random sample points w~ll  be selected are defined. 

' Level of accuracy that should be achieved is defined. 

' How quali i  assurance will be maintained and wpeatabili confinned is defined 

I rn How the quality of service will be verified is defined. 

I How the power quality and other minimum equipment standards will be verified is defined 

rn Reports are defined, including what they will contain and when they will be provaed 

I ' Eledronicformats and software programs to be used for reporting are defined. 

Project Name and ID: 

Date: Completed By: 
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