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35 1. Introduction 
36 Superior Energy Performance® (SEPTM) is a certification program that recognizes excellence in energy 

37 management. Certification to the SEP program requires certification to ISO 50001 Energy management 

38 system - Requirements with guidance for use and third-party verification of energy performance 

39 improvement. Specific requirements for SEP certification are defined in the ANSI/MSE 50021 Superior 

40 Energy Performance - Additional Requirements for Energy Management Systems standard and its 

64 comparable. The top-down analysis is the initial basis for determining facility-wide energy 

65 performance improvement for the purposes of SEP conformance and certification. 

66  Bottom-Up. Bottom-up energy performance improvement is based upon facility-wide energy 

67 performance improvement calculated by aggregating energy saving from individual energy 

68 performance improvement actions. The bottom-up analysis serves as a required comparison to the 

69 top-down approach. 

normative references. This SEP Measurement and Verification Protocol (SEP M&V Protocol) is a 41 

normative reference for ANSI/MSE 50021. 42 

ISO 50001 requires that the energy performance and energy performance improvement of a facility are 43 

monitored, measured, and analyzed at planned intervals. SEP uses facility-monitored energy performance, 44 

beginning in a baseline period and ending with a reporting period, in order to determine a verifiable 45 

improvement in energy performance. Facility wide energy performance improvement is reported using the 46 

program-specific SEP Energy Performance Indicator (SEnPI). 47 

1.1 The Superior Energy Performance Measurement & Verification Protocol 48 

The SEP M&V Protocol sets forth the verifiable methodology for determining and demonstrating 49 

achievement of the energy performance improvement level claimed by an organization for a defined 50 

facility. Deviations from the requirements within this document are allowable only with written SEP 51 

Administrator approval following the SEP Administrator’s evaluation of the justification provided by the 52 

organization. Contact information for the SEP Administrator can be found on the SEP website. The primary 53 

audiences for this document include facility team members responsible for determining the SEnPI, SEP 54 

Performance Verifiers, and the verification body that certifies energy performance improvement. 55 

Determination of energy performance improvement includes accounting for energy consumption, 56 

normalization for relevant variables through adjustment modeling, and calculation of energy performance 57 

improvement. The determination and demonstration of energy performance improvement is based upon 58 

the comparison of two facility-wide approaches to calculating energy performance improvement. 59 

 Top-Down. Top-down energy performance improvement is based upon facility-wide energy 60 

consumption by accounting of all energy types that are delivered into or away from the facility 61 

boundaries. Top-down energy performance improvement is calculated as the ratio of baseline 62 

period to reporting period facility-wide consumption, with adjustments to make the two periods 63 
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70 1.2 About this Version 

71 The SEP M&V Protocol contains requirements necessary to demonstrate, through the SEnPI, the achieved 

72 energy performance improvement for the SEP program. The requirements are located in the body of this 

73 Protocol and in normative annexes. 

74 The SEP M&V Protocol was initially developed and released in 2012. Based upon stakeholder feedback, 

94 1. Base Notation: Describes if the energy consumption or savings is for delivered or primary energy 

95 and provides the base for energy performance improvement notation. 

the SEP program was updated in 2017, requiring modification of the 2012 version of the SEP M&V 75 

Protocol. Further stakeholder feedback has led to the 2018 version of the SEP program and relatively small 76 

updates between the 2017 and this 2018 version of the SEP M&V Protocol has been made. 77 

2. Normative References 78 

The following referenced documents are indispensable for the application of the SEP M&V Protocol. For 79 

dated references, only the edition cited applies. For undated references, the latest edition of the referenced 80 

document (including any amendments) applies. 81 

 ISO 50001 Energy management system - Requirements with guidance for use 82 

 ANSI/MSE 50021 Superior Energy Performance - Additional Requirements for Energy 83 

Management Systems 84 

 Superior Energy Performance Certification Protocol 85 

3. Terminology and Reference Notation 86 

3.1 Terminology 87 

Terms and definitions can be found in ANSI/MSE 50021. 88 

3.2 Reference Notation 89 

This section describes the notation used in this Protocol. The energy consumption and savings notation is 90 

designed to distinguish quantities in the format shown below. Annex A provides a table of all notation used 91 

in this Protocol. 92 

93 
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96 2. Energy Types: Describes the type of energy that is quantified. The asterisk (*) notation is used as 

97 a placeholder for a generic or unknown energy type. 

98 3. Modeled Period: Indicated in subscripts and defines the time period for which the model is built. 

99 4. Period/Conditions of Interest: Indicates the time period or conditions of interest for which the 

100 model is being applied to. 

101 5. Adjustment Indicator: Indicated in superscripts and describes if the quantity of energy is observed 

102 (actual) or adjusted. 

103 1. Base Notation 

ECP(*) Primary energy consumption of an unspecified energy type 

ECD(*) Delivered energy consumption of an unspecified energy type 

E(*) Quantity of energy of an unspecified type 

ESP(*) Primary energy savings of an unspecified energy type 

ESD(*) Delivered energy savings of an unspecified energy type 

EnPI Energy Performance Indicator 

SEnPI Superior Energy Performance Indicator 

104 2. Energy Types 

105 Individual energy type notation replaces the asterisk (*) in parentheses from the base notation above. The 

106 following are recommended for clarity of communication. 

* Unspecified energy type 

e Electricity 

ng Natural gas 

st Steam 

ca Compressed air 

d Diesel 

c Coal 

hw Hot water 

Σ The sigma notation is used to represent summation of all energy types. 

ECP(Σ) = ∑ ECP(∗)∗ 
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Example: if observed baseline primary energy types are “e” and “ng”, then ECP(Σ) = 

ECP(ɚ) + ECP(ɣɜ) 

107 3. Modeled Period and 4. Period/Conditions of Interest – (Subscript) 

b Baseline period 

i Intermediate period 

r Reporting period 

s Standard conditions 

108 5. Adjustment Indicator – (Superscript) 

o Observed (actual) value for the indicated time period of condition of interest 

a Adjusted value for the indicated time period or condition of interest 

109 Energy Savings Notation 

110 

111 4.1 

112 The organization shall establish facility boundaries for which an energy performance improvement value 

113 will be determined for SEP certification. The facility boundaries may be the same or a subset of the 

114 boundaries of the organization and its ISO 50001-energy management system. SEP requires accounting 

115 for all energy that crosses (into and away from) the facility boundaries. 

116 Facility boundaries are considered three-dimensional, thus energy accounting shall include energy that 

117 enters the facility boundaries from the sky and ground if consumed at the facility (such as water heated by 

118 

119 The facility boundaries shall not change between the baseline and reporting periods. Changes to the 

120 facility boundaries will result in the need for a non-routine adjustment (Section 5.3.2). 

ESPTD Primary energy savings as determined by the top-down approach 

ESPBU Primary energy savings as determined by the bottom-up approach 

4. Facility Boundaries and Time Periods 

Facility Boundaries 

the sun and oil from an on-site well). 
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121 4.2 Selection of Time Periods 

122 The determination of the SEP Energy Performance Indicator (SEnPI) value is based upon the energy 

123 consumption of the baseline and reporting periods. The baseline and reporting periods shall each be at 

124 least 12 consecutive months (1 year) long to account for variations in operations and seasonality. 

125 The achievement period begins immediately following the conclusion of the baseline period and shall be at 

least 12 consecutive months (1 year) but not more than 36 consecutive months (3 years) in length. The 126 

length of the achievement period does not need to be a multiple of 12 months (i.e., 12 or 120 months long). 127 

The end of the reporting period and achievement period shall align. 128 

Figure 1 provides an illustrative example of the relationship between a 12-month long baseline period, an 129 

achievement period of unspecified length, and 12-month long reporting period. 130 

131 

FIGURE 1: RELATIONSHIP BETWEEN BASELINE, REPORTING, AND ACHIEVEMENT PERIOD 132 

The energy accounting shall be conducted from the beginning of the baseline period through the end of the 133 

achievement period. In some cases, too few data may be available within a 12-month period to achieve the 134 

required significance (Section 6.4) of adjustment models (Section 6). For facilities with weather-dependent 135 

and seasonal operations, periods shorter than one year can create statistical bias by under- or over136 

estimating energy consumption in unusual modes of operation. For these reasons, the length of the 137 

periods may span more than 12 months. Complete years with regular intervals of measurements are 138 

recommended for facilities with highly seasonal operations and unsteady energy consumption throughout a 139 

year. If the data for the baseline and reporting periods span more than 12 months but are not complete 140 

years, the first month of each period shall be the same. The time from the baseline period to reporting 141 

period will be measured as the time from the midpoint of the baseline period to the midpoint of the 142 

reporting period. 143 

144
 

145
 

146
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147 5. Energy Accounting 

148 5.1 Energy Consumption Data 

149 The determination of energy performance improvement shall extend to all types of energy consumed within 

150 the facility boundaries. Subsequently, energy accounting includes the quantities of all energy types 

151 delivered into and away from the facility boundaries, using metered data as well as selected relevant 

152 variables that affect energy consumption. Use of existing utility meters may be sufficient to conduct energy 

reporting periods. Data shall be collected at least monthly, though it may be necessary or desirable to 

collect data more frequently. 

Primary and Delivered Energy 

type to primary energy is expressed by Equation 1: 

ECP(*) = ɢ(*) × ECD(*) 

153 accounting at many facilities. Special cases and requirements of energy accounting are presented in this 

154 section. 

155 Data sufficient to determine the facility energy consumption during the baseline and reporting period shall 

156 be collected and recorded. This includes the quantity and energy content of each energy type and relevant 

157 variables included in the energy accounting. 

158 Facility energy consumption is ultimately accounted for in terms of primary energy. The collection of 

159 delivered energy data will be of use in determining primary energy quantities. 

160 Annex B provides details on how to convert various types of energy from typically available units to 

161 common units and from a delivered to primary energy basis. For information regarding energy types not 

162 listed in Annex B contact the SEP Administrator. 

163 Data quantifying relevant variables that affect energy consumption shall be collected as part of the energy 

164 accounting. 

165 The outputs of the energy accounting are used to determine energy consumption for the baseline and 

166 

167 

168 5.1.1 
169 All energy types delivered into and away from the facility boundaries shall be accounted for on a primary 

170 energy basis. Conversion from delivered to primary energy accounts for the losses in generation, 

171 transmission, and distribution of various energy types. Conversion of delivered energy of an unspecified 

172 

173 Eq (1) 

174 Where ɢ(*) is the Primary Energy Multiplier for the unspecified type of energy. Annex B provides Primary 

175 Energy Multipliers. Organizations have the option to use the multipliers in Annex B or may use site-specific 

176 multipliers if approved by the SEP Administrator. The choice of ɢ(*) for each energy type shall be 

177 maintained and used consistently both in the baseline and reporting periods. 

178 NOTE: Energy generated/extracted onsite is assigned a Primary Energy Multiplier of ɢ(*) = 1ʷ0. 
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179 EXAMPLE: A facility purchases and consumes 30 MMBTU of steam generated in a natural gas fired boiler 

180 at a neighboring facility. Annex B lists an ɢ(*) of 1.33 for a “steam: fired boiler”. 

181 

182 

183 

184 5.1.2 
185 

186 

187 

188 

189 

190 

191 

192 

193 

194 

195 

ECD(ɨɩ) = 30 MMBTU 

ECP(ɨɩ) = 1ʷ33  ɭ 30 MMBTU = 39ʷ9 MMBTU 

Measurement of Energy Consumption 

The quantity of a particular type of energy that is consumed within the facility boundaries is defined by the 

net energy flow of that energy type across the facility boundaries. For each energy type included in the 

energy accounting, primary energy consumption shall be equal to or greater than zero. If energy 

consumption is calculated to be a negative value, it shall be accounted for as zero. In such cases care 

should be taken to ensure energy export and energy product are correctly accounted for. 

Equation 3 describes how to calculate energy consumption on a primary energy basis. Conversion of 

delivered energy to primary energy shall be conducted with primary energy multipliers prior to determining 

the energy performance improvement. Figure 2 graphically illustrates this relationship. 

Eq (3) ECP(*) = ɢ(*) ɭ [E(*) əɚɡɞɫɚɧɚə ɩɤ ɩɝɚ ɛɖɘɞɡɞɩɮ , E(*) əɚɡɞɫɚɧɚə ɖɬɖɮ ɖɨ ɚɭɥɤɧɩ\ +  

1ʷ0 ɭ [E(*) ɤɣɨɞɩɚ ɜɚɣɚɧɖɩɞɤɣ˓ɚɭɩɧɖɘɩɞɤɣ , E(*) əɚɡɞɫɚɧɚə ɖɬɖɮ ɖɨ ɥɧɤəɪɘɩ \ + 

E(*) əɧɖɬɣ ɤɪɩ ɤɛ ɨɩɤɧɖɜɚ , E(*) ɖəəɚə ɩɤ ɨɩɤɧɖɜɚ , E(*) ɪɨɚə ɖɨ ɛɚɚəɨɩɤɘɠ 
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197 

198 

199 

200 

201 

202 

203 

204 

205 

206 

207 

208 

209 

210 

211 

FIGURE 2: GENERIC ENERGY CONSUMPTION ACCOUNTING FLOW DIAGRAM 

Data regarding the quantity of energy delivered into or away from the facility boundaries (delivered to the 

facility, delivered away as energy export, delivered away as energy product, or feedstock) may be available 

directly from meters or taken from a supplier invoice. Meters may directly report energy consumption 

values or physical properties such as pressure, temperature, mass, volumetric flow, and heating value that 

can be used to calculate energy consumption by using engineering equations and conversion factors. 

The energy content of various energy types (the amount of energy potentially available within each unit of 

energy) may vary with factors such as density or heating value. Conversion factors from units as sold (e.g. 

cubic feet, gallons, or tons) to energy units may be available from the supplier. For most fuel types, 

information regarding the energy content per unit volume is typically available from the fuel supplier. The 

energy units for fuels shall be converted to the common energy unit being used for the energy accounting. 

The higher heating value (HHV) of energy types shall be used to calculate delivered energy units. 

Data for energy consumption and relevant variables will frequently not be available for exact calendar 

months, nor for exactly aligning time intervals. For example, monthly production data may be reported on 

212 the first of the month, while utility data may be provided mid-month. Alignment of time intervals is preferred 

213 and may facilitate development of more representative adjustment models, but it is not required. Energy 

214 data may be collected at irregular intervals; for example, with bulk fuels if deliveries are unequally spaced 

215 in time. 
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216 5.1.3 Types of Energy with Relatively Insignificant Consumption 

217 All energy types that cross the facility boundaries during the baseline and reporting periods shall be 

218 included in the energy accounting. Types of energy may be omitted from the energy accounting if these 

219 energy types account for in aggregate 5.0 percent or less of the facility’s total primary energy consumption 

220 in each of the baseline and reporting periods. In calculating the percent of total consumption represented 

221 by an omitted energy type, both the energy consumption of the omitted energy type and total facility energy 

consumption shall be calculated on a primary energy basis. The determination to omit energy types may 222 

be based on measured or calculated data. 223 

If the energy consumption of an energy type has been determined to be insignificant and will be omitted 224 

from the energy accounting, then it shall be omitted in both the baseline and reporting periods. 225 

5.1.4 Special Cases in Energy Accounting 226 

5.1.4.1 Energy Accounting of Energy Export and Energy Product 227 

Energy delivered away from the facility boundaries shall be accounted for as either an energy export or 228 

energy product. 229 

5.1.4.1.1 ENERGY EXPORT 230 

The maximum allowable amount of energy export is equal to the quantity of energy delivered into the 231 

facility boundary of the same energy type such that a net zero level is reached on a primary energy basis. 232 

A facility may not be counted as a net negative consumer of any energy type. An energy export is 233 

converted to primary energy using the same multiplier as the energy type that was delivered to the facility 234 

(appropriate ɢ(*) from Annex B). 235 

EXAMPLE: A facility purchases 30 GWh of grid electricity and produces 25 GWh of electricity with on-site 236 

photovoltaic (PV) panels. The facility consumes 45 GWh and delivers 10 GWh away from the facility 237 

boundaries. The 10 GWh delivered away from the facility boundaries is treated as energy export. The 238 

energy streams are converted to energy consumption on a primary energy basis. See figure below. 239 

240 
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241 ECD(ɚ) = 30 GWɝ + 25 GWɝ , 10 GWɝ = 45 GWɝ 

242 ECP(ɚ) = (3ʷ0 ɭ 30 GWɝ) + (1ʷ0 ɭ 25 GWɝ) , (3ʷ0 ɭ 10 GWɝ) = 85 GWɝ 

243 5.1.4.1.2 ENERGY PRODUCT 

244 For each energy type, if a net zero level is reached on a primary energy basis, any excess energy 

245 delivered away from the facility boundaries is accounted for as an energy product. This may result from a 

260 facility boundaries shall be included in the energy accounting. The point at which on-site extracted or 

261 generated energy is metered and accounted for may be selected by the organization so long as it is at a 

262 reasonable point along the extraction or generation process flow (e.g., a facility may choose to meter 

263 biogas flow and energy content or the resulting electricity and hot water generated from the utilization of 

264 the same biogas). This measurement point shall be consistent between the baseline and reporting periods. 

265 This allowance is made recognizing that the quantity of energy of some natural resources (e.g., photons or 

facility producing large quantities of on-site energy. Energy product shall be considered as a relevant 246 

variable for adjustment models. An energy product is converted to primary energy using the same 247 

multiplier as the energy type that was generated or extracted on-site within the facility boundaries 248 

(ɢ(*) = 1ʷ0).249 

EXAMPLE: A facility purchases 30 GWh of grid electricity and generates 100 GWh of electricity with on250 

site wind turbines. The facility consumes 55 GWh and delivers 75 GWh away from the facility boundaries. 251 

A maximum quantity of 30 GWh is treated as energy export. The remaining 45 GWh is treated as energy 252 

product. The energy streams are converted to energy consumption on a primary energy basis. See figure 253 

below. 254 

255 

ECD(ɚ) = 30 GWɝ + 100 GWɝ , 30 GWɝ , 45 GWɝ = 55 GWɝ 256 

ECP(ɚ) = (3ʷ0 ɭ 30 GWɝ) + (1ʷ0 ɭ 100 GWɝ) , (3ʷ0 ɭ 30 GWɝ) , (1ʷ0 ɭ 45 GWɝ) = 55 GWɝ 257 

5.1.4.2 On-site Extraction or Generation of Energy from Natural Resources 258 

Energy from natural resources that are delivered into and consumed within or delivered away from the 259 
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266 wind) or the energy derived thereof (e.g., biogas) may be difficult to meter or not directly relate to the use of 

267 the ultimate type of energy generated from the natural source. In such cases, the quantity of energy 

268 generated within the facility boundaries from the natural resource (e.g., AC electricity from the inverter of a 

269 PV panel system) may be metered and included in the energy accounting. Annex B provides multipliers for 

270 various types of energy extracted or generated from natural resources. 

NOTE: While metering energy at a point along the extraction or generation process flow downstream of the 271 

facility boundaries may be simpler, more cost effective (e.g. metering hot water produced from a biogas 272 

fired boiler, rather than the biogas produced from a sewage fed digester), and have a more direct 273 

relationship with the uses of energy with the facility boundaries, the effect of energy performance 274 

improvement actions implemented upstream of the point of metering may not be reflected in the calculated 275 

facility-wide energy performance improvement. 276 

EXAMPLE: A wastewater treatment facility uses sewage to generate biogas, which is used to generate 277 

electricity and steam in a CHP system. The facility also purchases grid electricity, and generates on-site 278 

electricity with an array of PV panels. While the facility has meters to measure biogas flow and energy 279 

content, the facility decides to conduct its energy accounting to include the electricity and steam coming 280 

out of the CHP system as these energy types are more directly related to the use of energy across the 281 

facility and may lead to more meaningful energy consumption adjustment models. In one month, the 282 

biogas CHP system produces 60 GWh of electricity and 100 MMBTU of steam. The facility purchases 50 283 

GWh of grid electricity and generates 40 GWh of on-site electricity with the PV panels. The facility 284 

consumes 85 GWh of electricity and delivers 65 GWh of electricity away from the facility boundaries. The 285 

facility consumes 80 MMBTU of steam and delivers 20 MMBTU away from the facility boundaries. The 286 

energy streams are converted to consumption on a primary energy basis. See Annex B for conversion and 287 

primary energy multipliers for electricity and steam, as well as the conversion to common units. See figure 288 

below. 289 
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290 

Eɡɚɘɩɧɞɘɞɩɮʶ         ECD(ɚ) = 50 GWɝ + 60 GWɝ + 40 GWɝ , 50 GWɝ , 15 GWɝ = 85 GWɝ 291 

ECP(ɚ) = (3ʷ0 ɭ 50 GWɝ) + (1ʷ0 ɭ 60 GWɝ) + (1ʷ0 ɭ 40 GWɝ) , (3ʷ0 ɭ 50 GWɝ) ,292 

(1ʷ0 ɭ 15 GWɝ) = 85 GWɝ 293 

Sɩɚɖɢʶ ECD(ɨɩ) = 100 MMBɩɪ , 20 MMBɩɪ = 80 MMBɩɪ 294 

ECP(ɨɩ) = (1ʷ00 ɭ 100 MMBTU) , (1ʷ00 ɭ 20 MMBTU) = 80 MMBTU 295 

In the case that energy from an on-site extracted or generated natural resource is mixed with a delivered 296 

energy type, such as sawdust produced from the processing of timber mixed with coal in a boiler or natural 297 

gas mixed with on-site generated biogas in a gas turbine, both energy types shall be metered before they 298 

are consumed. 299 

EXAMPLE: A sawmill uses sawdust along with coal in a boiler to raise steam within the facility boundaries. 300 

Coal deliveries are invoiced with the total weight and heating value. The sawdust is weighed and the 301 

heating value is determined from the Oak Ridge National Laboratory’s Biomass Energy Data Book. 1 The 302 

energy consumption is calculated and converted to common units using information from Annex B. 303 

304 5.1.4.3 Waste Heat Recovery 

305 Waste heat recovery is considered an energy performance improvement action and not explicitly included 

306 in the energy accounting. Implementation of waste heat recovery may result in a reduction of energy 

1 Biomass Unit Conversion factors (heating values) shall be taken from the Oak Ridge National Laboratory Biomass 
Energy Data Book – Appendix A if possible. This reference also outlines a methodology for accounting for material 
moisture content. 
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307 consumption of one or more energy types that cross into the facility boundaries resulting in energy 

308 performance improvement. Alternatively, waste heat recovery may increase delivery of energy away from 

309 the facility boundaries. 

310 EXAMPLE: In the baseline period a facility purchases 100 barrels of oil and uses 75 barrels to generate 

311 steam in a boiler and 25 barrels of oil to heat water for domestic purposes. After implementing a boiler 

waste heat recovery system used to preheat water fed to the water heater, the hot water heater only needs 312 

to consume 10 barrels of oil to meet the hot water demand. Assuming all other factors remain constant, the 313 

reporting period energy consumption will be 15 barrels of oil less than in the baseline period. 314 

5.1.4.4 Feedstock and Resulting Energy Types 315 

In some instances, energy delivered to the facility boundaries may be used as a feedstock rather than 316 

consumed as energy. The portion of an energy type used as a feedstock shall be subtracted from the 317 

delivered energy. The commodity that is being produced from the feedstock shall be considered as a 318 

relevant variable in the energy consumption adjustment model. 319 

Any energy types resulting from the processing of feedstock (e.g., process gas produced during the 320 

refining process, heat generated by an exothermic reaction, biogas generated from sewage) that are 321 

consumed within or delivered away from the facility boundaries shall be included in the energy accounting. 322 

EXAMPLE: A facility purchases 100 barrels of oil and uses 75 barrels of oil to produce gasoline, which is 323 

sold as a commodity, while consuming the other 25 barrels of oil within the facility boundary in a boiler. As 324 

a byproduct of the refining process, 50 MMBTU of process gas is produced on-site. This process gas is 325 

consumed within the facility boundaries. The energy accounting shall include 25 barrels of oil and 50 326 

MMBTU of process gas. The production quantity of gasoline shall be considered as a relevant variable in 327 

the energy consumption adjustment model. 328 

5.2 Expressing Energy Consumption in Common Units 329 

A common energy unit (e.g., kWh, BTU, Mtoe, Joules) shall be selected and used consistently as part of 330 

the energy accounting. A common energy unit allows for comparison and aggregation of the absolute and 331 

relative consumption of multiple energy types. All conversation factors used to convert various units to the 332 

chosen common energy unit shall be used consistently for the baseline and reporting periods, both the top333 

down and bottom-up calculations, and maintained. Annex B lists conversion factors useful for converting 334 

from commonly measured energy units to MMBTU. 335 
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336 5.3 Energy Consumption and Non-Routine Adjustments for the Time Periods of Interest 

337 5.3.1 Establishing the Baseline and Reporting Period Energy Consumption 

338 For each type of energy included in the energy accounting, an unadjusted energy baseline is established 

339 for the baseline period. Additionally, an unadjusted total energy baseline for the facility is established by 

340 summing the energy consumption of all energy types during the baseline period. 

341 Similarly, unadjusted energy consumption for each type of energy consumed within the facility boundaries 

Examples of events that might require a non-routine adjustment include the following: 

out of business, and an equivalent raw 

modification is needed to use a different type of raw material. No data exist for baseline-period 

operating conditions with the new type of raw material. 

Processes are outsourced, enhancing profitability and decreasing energy consumption. 

342 shall be established for the reporting period. The total of unadjusted energy consumption during the 

343 reporting period for the facility is then established by summing the energy consumption across all energy 

344 types in the reporting period. 

345 5.3.2 Non-Routine Adjustments 

346 Energy consumption may be affected by relevant variables and static factors during the baseline and 

347 reporting periods. Normalization through adjustment modeling is used to account for regular changes in 

348 relevant variables. Non-routine adjustments are made to the observed (actual) energy consumption in the 

349 baseline and/or reporting periods if one or both of the following have occurred: 

350 1. If static factors have changed during the achievement period 

351 2. If relevant variables have been subject to unusual changes in at least one of the two periods 

352 

353  A supplier goes material is not available. A process 

354 

355 

356  

357  A facility increases the amount of biomass consumed as energy. Use of biomass is encouraged by 

358 SEP, however, the efficiency of a biomass combustion system is typically less than that of systems 

359 that utilize conventional fossil fuels. If a participating facility shifts to using a greater amount of 

360 biomass, a non-routine adjustment may be used to compare reporting period to baseline period 

361 energy consumption as if the extent of biomass consumption were the same in both periods. 

362  Business acquisition occurs which results in data not being available or limits on the data availability 

363 for the period prior to the acquisition. 

364 Any numeric inputs to non-routine adjustment calculations shall be based on observed, measured, or 

365 metered data. 

366 Non-routine adjustments are typically based on an engineering analysis to calculate energy consumption in 

367 the baseline and reporting periods as if static factors were at the same condition in both periods. In this 
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368 case, the adjustment will be to calculate baseline period energy consumption as if the reporting period 

369 condition of the static factors had been the same as in the baseline period. 

370 The method for making the non-routine adjustment and the rationale for that method shall be maintained, 

371 including the general reasonableness of the methodology and calculations, the adequacy of the metering 

372 and monitoring methodologies, and conformance of the calculations applied. Non-routine adjustments may 

be used, but only with SEP Administrator approval that has been obtained prior to the verification of energy 373 

performance improvement. Non-routine adjustments shall be identified in the application to the SEP 374 

Administrator and as part of the verification of energy performance improvement. The method for making 375 

the non-routine adjustment and the rationale for that method must be recorded. 376 

5.4 Relevant Variables 377 

Relevant variables are variables that directly affect the amount of energy consumed within the facility 378 

boundaries and are used to normalize energy consumption as part of an adjustment model. When 379 

developing an adjustment model, care shall be taken to both (1) avoid omitting relevant variables that 380 

affect energy consumption and (2) include variables that are not relevant to energy consumption. Variables 381 

are excluded from the model if there is no logical mechanism by which the variable would affect the 382 

consumption of the energy type(s) being modeled. 383 

Data quantifying relevant variables is collected as part of the energy accounting process. Relevant 384 

variables shall be physical quantities, characteristics, or conditions. Financial metrics or metrics that 385 

include a financial component, such as product price or energy costs are not allowed because they lack a 386 

physical relationship to energy consumption. 387 

EXAMPLES: production quantities, equivalent products, number of batches, heating degree-days, 388 

humidity, occupancy, hours worked, raw material characteristics, and guests served. 389 

Certain relevant variables shall be included in the energy accounting and considered when developing 390 

adjustment models: 391 

For any type of facility (industrial and commercial) the following shall be considered: 392 

 Activity level (e.g., occupancy, operating hours, production level, and equivalent products) 393 

 Weather (e.g., heating degree-day, cooling degree-day, and humidity) 394 

5.5 Data Sources and Quality 395 

396 All data sources used as part of the energy accounting, including those for energy consumption and 

397 relevant variables, shall be of sufficient quality to be verifiable by the SEP Performance Verifier. Only data 

398 taken from precise control and/or measurement systems, such as revenue utility meters and regularly 

399 calibrated submeters, are considered verifiable. Quantification of energy consumption or of a relevant 

400 variable via subtraction of readings from two or more calibrated meters is acceptable. 
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401 Calibration of meters shall follow manufacturer’s recommendations. Calibration records and records of 

402 repairs to calibrated meters shall be maintained. However, calibration records for utility meters are not the 

403 responsibility of the organization and do not need to be maintained. Solid fuel measurements from scales 

404 are acceptable provided that a qualified worker (internal or external to the organization) regularly calibrates 

405 the scale according to manufacturer recommendations or United States Department of Transportation (US 

406 DOT) requirements. 

407 

408 

409 

410 

411 

412 

413 

414 

415 

416 

417 

418 

419 

420 

421 

422 

423 

424 

425 

426 

427 

Reports previously submitted to state or federal government agencies (such as the United States 

Environmental Protection Agency (US EPA) for emissions or the US DOT for scales) are of sufficient 

quality for SEP energy accounting. 

Weather data shall be actual weather data from the baseline and reporting periods, from published 

government sources, such as primary National Oceanic and Atmospheric Administration (NOAA) weather 

stations, or from a calibrated weather meter within close enough proximity to the facility to reflect the 

weather conditions at the facility. 

Energy consumption and relevant variable data shall be screened for anomalous values that are not 

representative of typical operating conditions. If high variability is characteristic of the operation, outliers do 

not necessarily need to be removed. However, the effect of outliers on the reliability of the model estimates 

shall be investigated and the reason for removing them shall be maintained as a record. 

If an anomalous value is found, reasons for the anomaly shall be identified if possible. If the anomaly is 

determined to be a data error, the error shall be corrected if possible; otherwise deleted from the model. 

NOTE: It might be advantageous to treat shut-down periods separate from periods of operation. If this is 

done, measurements for both periods shall be treated and modeled separately. 

6. Normalization for Relevant Variables – Adjustment Modeling 

6.1 General Principles of Normalization 

Normalization of energy consumption through the use of adjustment models shall be made so that baseline 

and reporting periods can be compared as if all relevant variables were the same in the two periods. 

Normalized baseline period and/or reporting period energy consumption are calculated using one or more 

adjustment models. 

428 6.2 Methods of Normalization 

429 Four methods are allowed to create adjustment models. The same adjustment model method shall be used 

430 for each energy type consumed within the facility boundaries. 
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431 6.2.1 Forecast Normalization 

432 Forecast normalization results in a model of baseline period energy consumption that is applied to the 

433 reporting period relevant variable values to calculate adjusted baseline period energy consumption 
a434 (ECP(Σ)bȁr ) for comparison with observed (actual) reporting period energy consumption (ECP(Σ)r

ɤ). The 

435 adjusted baseline period energy consumption is an estimate of the energy consumption that would have 

436 been expected at reporting period-relevant variable values, if the baseline operating systems and practices 

437 were still in place during the reporting period. 

438 6.2.2 Backcast Normalization 

439 Backcast normalization results in a model of reporting period energy consumption that is applied to the 

the models to calculate adjusted energy consumption values (ECP(Σ)rȁs 
a 

at a standard set of conditions (relevant variable values). 

Chaining Normalization 

440 baseline period-relevant variable values to calculate adjusted reporting period energy consumption 
a441 (ECP(Σ)rȁb ) for comparison to observed (actual) baseline period energy consumption (ECP(Σ)b

o). The 

442 adjusted reporting period energy consumption is an estimate of the energy consumption that would have 

443 been expected at baseline period relevant variable values, if the reporting period operating systems and 

444 practices were in place during the baseline period. 

445 6.2.3 Standard Condition Normalization 

446 Standard condition normalization results in two adjustment models: one of baseline period energy 

447 consumption and one for reporting period energy consumption. Standard conditions are applied to each of 
a448 ) and (ECP(Σ)bȁs ). The adjusted 

449 energy consumption for each period is the estimated energy consumption that would have been expected 

450 

451 6.2.4 
452 Chaining normalization is a composite of the forecast and backcast normalization methods. The chaining 

453 method may be used if there is an intermediate period that is of the same length of, and is in between the 

454 baseline and reporting periods for which a model can be developed. In this case, the intermediate period 

455 model is used to backcast to the baseline period year and forecast to the reporting period year. 

456 Chaining normalization may be useful if the reporting period conditions for energy consumption and 

457 relevant variables are outside the range of conditions of the baseline period model, and the baseline period 

458 conditions are outside the range of conditions of the reporting period, or a model cannot be developed for 

459 either the reporting or baseline periods. 

460 
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461 6.2.5 Summary of Normalization Methods 
462 
463 TABLE 1: SUMMARY OF NORMALIZATION METHODS 

Forecast Backcast 
Standard 

Conditions 

Chaining: 
Baseline to 

Intermediate 

Chaining: 
Intermediate 
to Reporting 

Reporting 
period energy 
consumption 

Actual 
reporting 

period energy 
consumption 

Reporting period 
model using 

baseline period 
conditions 

Reporting 
period model 

using standard 
conditions 

Not applicable Actual 
reporting 

period energy 
consumption 

Baseline 
period energy 
consumption 

Baseline 
period model 

using reporting 
period 

conditions 

Actual baseline 
period energy 
consumption 

Baseline period 
model using 

standard 
conditions 

Actual baseline 
period energy 
consumption 

Not applicable 

Intermediate 
period energy 
consumption 

Not applicable Not applicable Not applicable Intermediate 
period model 

using baseline 
period 

conditions 

Intermediate 
period model 

using reporting 
period 

conditions 

Operating 
characteristics 
the model is 
representing 

Baseline 
period 

operating 
systems and 

practices 

Reporting period 
operating 

systems and 
practices 

Operating 
systems and 

practices using 
standard 

conditions 

Intermediate 
period 

operating 
systems and 

practices 

Intermediate 
period 

operating 
systems and 

practices 

464 6.3 Determination of Normalized Energy Consumption 

465 6.3.1 General 

466 Use of the forecast, backcast, standard conditions, or the chaining normalization methods requires 

467 computation of adjusted energy consumption with an adjustment model. An adjustment model is created 

468 using observed (actual) energy consumption and relevant variable data (as determined using the energy 

469 accounting requirements described in Section 5) from either the baseline or reporting period (or an 

470 intermediate period in the case of chaining). The period whose data is used to create the model is the 

471 adjustment model period. The adjustment model is then applied to conditions (relevant variable values) 

472 from a different period, or to standard conditions. The result is adjusted energy consumption representing 

473 the systems and operations of the adjustment model period, at the conditions (relevant variable values) of 

474 the application conditions. 
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475 6.3.2 Creating an Adjustment Model
 
476 An adjustment model shall be created that describes energy consumption as a function of relevant
 
477 variables for each energy type included in the energy accounting. The starting date and duration of the
 
478 period for which adjustment models for all energy types are created shall be the same. The resulting
 
479 adjusted energy consumption values for each energy type are then summed to determine an adjusted total
 
480 energy consumption value.
 

481 However, in some instances it is advantageous to aggregate the consumption of multiple energy types 

how each relevant variable is expected to affect energy consumption. The rationale for selection of the 

following model forms may be applied for any approved adjustment modeling methods. 

Model Form 1: Ratio of Energy Consumption to a Single Relevant Variable
 

482 prior to modeling (e.g. electricity consumption includes multiple sources such as the grid and on-site PV 

483 panels). If the following three conditions are met then the energy consumption of one more energy types 

484 may be summed together prior to being modeled in aggregate:
 

485 1. All energy consumption units are converted to a common energy unit (e.g., BTU, Joules, kWh)
 
486 using document multipliers and are converted to primary energy.
 
487 2. The period during which the data to be summed was collected is the same for all energy types.
 
488 3. The model for the combined energy types satisfies validity requirements (Section 6.4).
 

489 A minimum of 12 months of data are required when creating an adjustment model. The data used to create 

490 an adjustment model may be at any regular frequency of observation from metering data for each energy
 
491 type and relevant variable as was collected as part of the energy accounting provided the model
 
492 significance testing criteria of Section 6.4 are met. Data reported at intervals of one hour or less may be
 
493 summed or averaged to weekly or monthly totals.
 

494 Adjustment model forms that may be used are described below. The selected adjustment model form shall
 
495 be consistent with an expected relationship based on prior operating experience, or other sound basis for
 
496
 
497 model form shall be given, along with statistical goodness-of-fit diagnostics required in Section 6.4. The
 
498
 

499
 

500 This simple model form may be used when energy consumption is affected by a singular relevant variable 

501 and there is a negligible level of base load energy consumption. If this model form is to be used, the
 
502 relevant variable selected shall relate to the operations of the facility. The model takes the form:
 

503 Eq (4) ECP = bx
 

504 where x is the relevant variable quantity and b is the primary energy consumption per unit of that relevant
 
505 variable. The coefficient b is calculated from energy consumption and the single relevant variable data over 

506 the period for which the model is being developed, sometimes called the energy intensity. 
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507 Model Form 2: Linear Regression 

508 Linear regression adjustment models allow for multiple relevant variables that affect energy consumption to 

509 be taken into account. The model takes the form: 

510 Eq (5) ECP(*) = b0 + b1x1 + b2x2 + … + bkxk 

511 where xi is the relevant variable quantity, b0 is the base load primary energy consumption not related to 

relevant variables, and bi > 0 is the incremental energy consumption per unit of that relevant variable 512 

(coefficient). 513 

Model Form 3: Non-linear Regression 514 

Two non-linear regression model forms may be used, but only with SEP Administrator approval. 515 

 Polynomial regression model: This is a form of linear regression including terms in integer powers of 516 

the individual relevant variables and products of these variables. For example, for a second-order 517 

polynomial in x1, x2, x3, terms would include any or all of x1 
2, x2 

2, x3 
2, x1x2, x2x3, and x3x1 in addition to 518 

x1, x2, x3. A second-order polynomial model can serve as an approximation to a more complicated 519 

nonlinear model. 520 

 General non-linear regression model: This form allows terms that are nonlinear in the estimated 521 

coefficients. For example, model terms could include x with an exponent to be determined by the 522 

regression. Other techniques involve transformation of data, such as using logarithmic transformation 523 

in order to linearize a relationship, or to normalize a skewed distribution of residuals. 524 

For either kind of non-linear model, one or more of the following rationales for the particular non-linear 525 

model specification used shall be provided: 526 

 The model specification corresponds to a known underlying physical/engineering relationship, or a 527 

simplification of a known underlying physical/engineering relationship. 528 

 The model specification is a polynomial approximation (such as a quadratic fit) to a more complicated 529 

theoretical form. 530 

 The model specification empirically has been tested and found to meet the validity criteria of Section 531 

6.4, not only for the particular data series of the baseline or reporting periods, but also over other time 532 

periods or data sets. 533 

 When applying the validity requirements for complex regression models, each higher-power term 534 

535 shall satisfy all of the requirements described for individual variables in the model. 

536 6.4 Validity Requirements 

537 Regardless of which normalization method and which model form is used, adjustment models used to 

538 calculate adjusted energy consumption shall satisfy the validity requirements described in this section. 
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539 6.4.1 Model Validity Testing 

540 For the adjustment model to be considered valid, all the following shall be demonstrated: 

541  An F-test for the overall model fit shall have a p-value less than 0.10 (i.e., the adjustment model fits 

542 the data better than the mean model in 90% of cases). 

543 o An F-test is used to test the overall statistical significance of a regression model, comparing 

to the mean model, also known as the “intercept-only” model. The F-test compares a particular 544 

regression model against an intercept-only model. If the p-value calculated from the F-statistic 545 

and model degrees of freedom is less than 0.10, then one can reject the intercept-only model 546 

in favor of the regression model. The regression model is considered statistically significant 547 

(i.e. at least one of the regression variables used in the model has a “significant” effect on 548 

energy consumption) 549 

 All included relevant variables in the model shall have a p-value less than 0.20. 550 

 At least one of the relevant variables in the model shall have a p-value less than 0.10. 551 

 The coefficient of determination (R2) for the regression shall be 0.50 or greater. 552 

 The selection of relevant variables in the adjustment model and the subsequently determined relevant 553 

variable coefficients are consistent with a logical understanding of the energy use and energy 554 

consumption of the facility.555 

6.4.2 Validity of Applying Adjustment Models to Relevant Variables 556 

The validity of applying adjustment models to relevant variables shall be tested through quantitative and 557 

qualitative tests. 558 

6.4.2.1 Valid Quantitative Range of Model Relevant Variables 559 

For the adjustment model to be valid for calculating adjusted energy consumption, the mean of the 560 

adjustment model’s relevant variables used to calculate the adjusted energy consumption shall fall within 561 

either: 562 

 Fall in the range of observed relevant variable data that went into the model, or 563 

 Not exceed three standard deviations from the mean of the relevant variable data. 564 

Any outliers excluded when creating the adjustment model shall also be excluded when calculating the 565 

valid quantitative range of model-relevant variables. 566 

567 6.4.2.2 Valid Qualitative Factors 

568 For the adjustment model to be valid for calculating adjusted energy consumption, the following qualitative 

569 factors shall also be true of the adjustment model period and the application conditions. 

570  No substantial difference between the two periods in product types. 

571  Meters used were functioning, calibrated and maintained as appropriate. 
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572 6.5 Creating Adjustment Models for Different Operating Modes 

573 If a facility has two or more different modes of operation that it switches between either regularly (e.g., 

574 seasonally) or irregularly, separate adjustment models with unique coefficients for relevant variables may 

575 need to be created for each operating mode. This multi-mode modeling approach may result in fewer data 

576 points being available to create each adjustment model. 

However, in some cases a singular adjustment model might be created by incorporating additional relevant 577 

variables that account for the different energy consumption patterns for the different operational modes 578 

instead of using the multi-mode adjustment modeling approach. 579 

EXAMPLE: Rather than creating different adjustment models for 1-shift and 2-shift operations, a relevant 580 

variable corresponding to daily operating hours of key process lines are included to create a single 581 

adjustment model that reflects both operational practices. 582 

If a multi-mode adjustment model is used, the adjusted energy consumption shall be calculated by applying 583 

the model for each mode to the corresponding conditions. If the conditions for calculating adjusted energy 584 

consumption vary over the period, the model corresponding to the mode for each part of the period shall be 585 

used to calculate the adjusted consumption for that part of the period. If the time the facility spends in each 586 

mode is irregular, the typical time spent in each mode shall be identified, and the adjusted consumption 587 

shall be calculated weighting the results from each mode in proportion to the typical time in each mode. 588 

The same proportions shall be applied for the baseline and reporting periods. 589 

If unusual operating conditions are the result of an anomaly, an adjustment model may be developed that 590 

excludes the anomalous data. The normal and unusual operating conditions are then treated as two 591 

different modes of operation. The proportion of time the facility is in the unusual operating condition is 592 

estimated from the data. The model without the anomalous data points describes normal operating 593 

conditions. A separate model is developed with the unusual operating conditions if there are enough 594 

observations, or a simple average is taken for these conditions. 595 

A particular type of data outlier for industrial facilities may be a result of shutdown periods, when production 596 

is zero. If a valid model can be developed that includes these conditions as well as more typical operating 597 

conditions, the shutdown period does not have to be treated separately. The single model can be used and 598 

applied to determine adjusted energy consumption for a period that includes normal operation, shutdown, 599 

or both. If a valid model cannot be estimated to cover all of the baseline period or reporting period, normal 600 

601 operations and shutdown can be treated as separate modes of operation with separate models combined 

602 into a multi-mode model. 

603 6.6 Facility Subsets 

604 If possible, observed or adjusted energy consumption for each energy type will be determined based upon 

605 the facility boundaries. If this is not possible, an alternative is to divide the facility into subsets for which the 

©2017, The Regents of the University of California 

Notice: This manuscript has been authored by employees of the Regents of the University of California, and others, under Contract No DE

AC02-05CH11231 with the U.S. Department of Energy, for the management and operation of the Lawrence Berkeley National Laboratory. 

The United States Government retains a non-exclusive, paid-up, irrevocable, worldwide license to publish or reproduce the published form of 

this document, or allow others to do so for United States Government purposes. 



 

 

        

                     

                  

                  

              

 
 

                

              

         

            

             

         

         

            

                

    

    

       

             

              

            

            

             

    

           

               

              

       

    

                

            

  

  

  

  

Page 25 

606 energy accounting and adjustment modeling is performed separately for each energy type. Each part of the 

607 facility shall be included in one and only one subset. Adjustment modeling of a subset requires historical 

608 consumption and relevant variable data on that subset in isolation. Facility-wide adjusted energy 

609 consumption for each energy type is calculated by summing the energy consumption of each subset 

610 together. If this is done, the same normalization method and adjustment model form shall be used to 

611 determine adjusted energy consumption for each of the subsets. 

612 

613 

614 

615 

616 

617 

618 

619 

620 

621 

622 

623 

624 

625 

626 

627 

628 

629 

630 

EXAMPLE: Energy accounting for multiple major production lines is performed with submeters and 

adjusted energy consumption is modeled separately for each subset. All other facility energy consumption 

is accounted for together by subtracting the energy consumption of the projection line subsets from the 

facility utility meters. 

7. Calculation of Energy Performance Improvement for the SEP Program 

7.1 Calculating the SEP Energy Performance Indicator 

For SEP, the Energy Performance Indicator (EnPI) used to measure energy performance improvement is 

the SEP Energy Performance Indicator (SEnPI). The SEnPI is the ratio of the facility-wide, reporting period 

total primary energy consumption and baseline period total primary energy consumption, where the energy 

consumption of one or both periods is adjusted so that they correspond to consistent conditions of relevant 

variables (Equation 6). A SEnPI value less than 1.0 indicates that energy performance has improved. 

Eq (6) SEɣPI = 
ECP(Σ)r 

ECP(Σ)b 

Where ECP(Σ)
ɧ 

and/or ECP(Σ)
ɗ 

have been adjusted depending upon the normalization method utilized. 

The chained SEnPI from the baseline period to the reporting period is the product of the backcast EnPI 

from the baseline period to the intermediate period (EɣPIbȁi) and the forecast EnPI from the intermediate 

period to the reporting-period (EɣPIiȁr) (Equation 7). 

Eq (7) SEɣPI = (EɣPIiȁb)(EɣPIiȁr) 

Table 2 lists the notation used to refer to the actual and adjusted energy consumption for each method, as 

well as the data used to create the model and the data used to apply the model. 

631 

632 

633 

634 
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635 TABLE 2: USE OF OBSERVED AND ADJUSTED ENERGY CONSUMPTION FOR THE VARIOUS 

636 NORMALIZATION METHODS 

Primary Methods Chaining Method 

Forecast Backcast Standard 
Conditions 

Baseline to 
Intermediate 

Period 

Intermediate to 
Reporting 

Period 

E
n
e
rg

y
 C

o
n
s
u

m
p
ti
o
n
 Q

u
a
n

ti
ty

 

Reporting 
Period 

ECP(Σ)
ɧ 

Observed 
(actual) 

ECP(Σ)
ɧ 
ɤ 

Adjusted to 
baseline 

conditions 

ECP(Σ)
ɧȁɗ 
ɖ 

Adjusted to 
standard 

conditions 

ECP(Σ)
ɧȁɨ 
ɖ 

NA Observed 
(actual) 

ECP(Σ)
ɧ 
ɤ 

Intermediat 
e Period 

ECP(Σ)i 

NA NA NA Adjusted to 
baseline 

conditions 

ECP(Σ)
ɞȁɗ 
ɖ 

Adjusted to 
reporting period 

conditions 

ECP(Σ)
ɞȁɧ 
ɖ 

Baseline 
Period 

ECP(Σ)
ɗ 

Adjusted to 
reporting period 

conditions 

ECP(Σ)
ɗȁɧ 
ɖ 

Observed 
(actual) 

ECP(Σ)
ɗ 
ɤ 

Adjusted to 
standard 

conditions 

ECP(Σ)
ɗȁɨ 
a 

Observed 
(actual) 

ECP(Σ)
ɗ 
ɤ 

NA 

SEnPI 
Equatio 

n 

ECP(Σ)
ɧ 
ɤ 

ECP(Σ)
ɗȁɧ 
ɖ 

ECP(Σ)
ɧȁɗ 
ɖ 

ECP(Σ)
ɗ 
ɤ 

ECP(Σ)
ɧȁɨ 
ɖ 

ECP(Σ)
ɗȁɨ 
a 

ECP(Σ)ɞȁɗ 
ɖ 

ECP(Σ)ɗ 
ɤ ɭ 
ECP(Σ)ɧ 

ɤ 

ECP(Σ)ɞȁɧ 
ɖ 

637 7.2 Calculating the Energy Performance Improvement Percentage 

638 The energy performance improvement percentage is used with the SEP Certification Protocol and SEP 

639 Scorecard to determine SEP certification level. 

640 Eq (8) Energy performance improvement (%) = (1-SEnPI) x 100 

641 8. Bottom-Up Comparison 

642 8.1 Purpose of the Bottom-Up Comparison 

643 The top-down analysis yields an energy performance improvement, expressed as a percentage. The 

644 bottom-up comparison confirms that the top-down energy performance improvement percentage could 

645 reasonably have resulted from the known actions that were taken to improve the energy performance. The 

646 estimated energy savings corresponding to the top-down energy performance improvement percentage is 

647 compared to the sum of estimated energy savings from discrete energy performance improvement actions 
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648 taken at the facility over the achievement period. Actions taken to improve energy performance include 

649 changes in procedures, behavior, operations, equipment, and processes. 

650 8.2 Register of Implemented Energy Performance Improvement Actions (Register) 

651 Each facility shall develop and maintain a Register of Implemented Energy Performance Improvement 

652 Actions (Register) to provide the necessary documentation for the bottom-up comparison. The Register is 

essentially a running list of implemented actions undertaken during the achievement period that supports 653 

the energy performance improvement level claimed. The organization shall list these actions regardless of 654 

whether the action is associated with ISO 50001 Action Plans or Significant Energy Uses. The Register 655 

shall reflect energy savings over the reporting period; typically, this will be annual savings. 656 

The Register shall include at least one energy performance improvement action for each type of energy 657 

included in the top-down determination of energy performance improvement. 658 

For each energy performance improvement action listed, the facility shall provide the following: 659 

 Description of energy performance improvement action. 660 

 Anticipated annual2 site energy savings by energy source: 661 

o Describe operating conditions for which energy savings are calculated. 662 

o Describe the starting point or baseline situation that was improved upon (e.g., equipment, systems, 663 

practices, or procedures). 664 

 Anticipated annual primary energy savings by energy source. 665 

 Link or location of action plan documentation, as appropriate. 666 

 Date action implementation was completed. 667 

 Annual site energy savings by energy source for the reporting period3, determined after action 668 

implementation is complete. 669 

 Annual primary site energy savings by energy source for the reporting period, determined after action 670 

implementation is complete 671 

 Method(s) used to determine annual energy savings. 672 

o E.g., assumptions used, measurements taken, calculations, and conversion factors. 673 

8.3 Conducting the Bottom-Up Comparison 674 

675 The bottom-up comparison consists of the following steps: 

2 Energy savings are listed as annual, assuming a 12-month reporting period. The energy savings shall be over the 

same number of months as the baseline and reporting periods.  

3 If the action was taken during the reporting period, annual energy savings may be pro-rated to align with the
 
implementation date.
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676 1. The facility shall provide a Register of Implemented Energy Performance Improvement Actions 

677 (Register) as described in Section 8.2. 

678 2. For each energy type, the facility will sum the actual annual energy savings on a delivered 

679 energy basis from the Register for the achievement period. 

680 3. For each energy type, the facility will convert the total actual annual delivered energy savings 

681 

682 4. 

683 

684 5. 

685 

686 

687 

688 

689 

690 

691 

692 

693 

694 

695 

696 

697 

698 

699 

700 

701 performance improvement percentage. 

702  If the bottom-up to top-down reconciliation factor (RF) is less than 0.80, the verified 

703 energy performance improvement percentage shall be the top-down energy 

704 performance improvement percentage multiplied by RF. 

from Step 2 to total acutal annual primary energy savings. 

The facility will sum the total actual annual primary energy savings across all energy types. This 

sum is the bottom-up energy savings estimate, ESPBU. 

The facility will determine the top-down energy savings estimates from the top-down energy 

performance improvement percentage. This determination depends on the normalization 

method used. 

For the Forecast method: 

Eq (9) ESPTD = ECP(Σ)bȁr 
a , ECP(Σ)r 

o 

For the Backcast method: 

Eq (10) ESPTD = ECP(Σ)b 
o , ECP(Σ)rȁb 

a 

For the Standard Conditions method: 

Eq (11) ESPTD = ECP(Σ)bȁs 
a , ECP(Σ)rȁs 

a 

For the Chaining method: 

Eq (12) ESPTD = (ECP(Σ)b 
o - ECP(Σ)iȁb 

a ) + (ECP(Σ)iȁr 
a - ECP(Σ)r 

o) 

The facility will divide actual bottom-up energy savings estimate by the top-down energy 

savings estimate to determine the “bottom-up to top-down reconciliation factor: 

Eq (13) RF = 
ESPBU 

ESPTD 

The facility will determine the verified energy performance improvement percentage as follows: 

 If the bottom-up to top-down reconciliation factor (RF) is greater than or equal to 0.80, 

the verified energy performance improvement percentage shall be the top-down energy 
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705 6. The facility will provide sufficient information to show the reasonableness of each energy
 
706 performance improvement action calculation.
 

707 7. Using the information provided the SEP Performance Verifier will:
 

708  Confirm that each type of energy included in the top-down determination of energy
 
709 performance improvement is represented by at least one action in the Register.
 

710
 
711
 
712
 
713
 
714
 
715
 

716
 
717
 

718
 
719
 

720
 
721
 

722
 
723
 
724
 
725
 
726
 

727
 
728
 
729
 
730
 
731
 
732
 

733
 

734 The following standard references apply to the SEP M&V Protocol.
 

735  ISO 50001
 

736  ANSI/MSE 50021
 

737  ISO 17747
 

738  ISO 50003
 

 Select a sample of Energy Performance Improvement Actions and spot check calculations for 

reasonableness. This is not intended to be a 100% sample of the actions taken but rather a 

representative sample based on the action complexity and risk associated with the verification 

activities. The sample will take into account the methods used to determine savings during 

the most recent achievement period (e.g. calculation, measurement, estimation), the 

monitoring and measurement activities related to the actions, and the timeframe of the audit. 

 Remove improvement actions from the Register that were not or could not reasonably be 

demonstrated to improve energy performance. 

 Confirm the final top-down energy performance improvement percentage (ESPTD) multiplied 

by RF per above. 

NOTE: While actions taken in Step 7 may result in a change to the final SEnPI, these actions 

shall not be documented as audit nonconformities. 

EXAMPLE: A site has 12 actions taken over the baseline, achievement and reporting period, 

and 8 of those actions are in the achievement period. Three actions are related to objectives 

and targets set by the site and include measurement activities verified during the ISO 50001 

part of the audit. For the remaining five actions, two are calculations, two are estimations from a 

contractor, and one has measurement data from a submeter. 

The SEP Performance Verifier sample includes one estimation, one calculation and the one 

action using the submeter. The three actions related to objectives and targets have a lower risk 

due to the other audit activities and the representative nature of the sample taken helps to 

ensure lack of bias, and cross representation of the methods used by the site have been 

evaluated. The verification is for the current SEP Application and does not include evaluation of 

previous achievement periods. 
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739  ANSI/MSE 50028 

740  Superior Energy Performance Scorecard 

741  Superior Energy Performance Certification Protocol 

742 
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743 Annex A - Informative: Reference Notation used in this Protocol 
744 All reference notation uses are listed in this annex. This list does not preclude the utilization of other 

745 nomenclature combinations but is simply an informative listing. 

746 TABLE 3 – REFERENCE NOTATION 

E(*) Quantity of energy of an unspecified type 

ECD(*) Delivered energy consumption of an unspecified energy type 

ECP(*) Primary energy consumption of an unspecified energy type 

ECP(ɚ) Primary energy consumption of the energy type “electricity” 

ECP(ɣɜ) Primary energy consumption of the energy type “natural gas” 

ECP(ɨɩ) Primary energy consumption of the energy type “steam” 

ECP(Σ) Primary energy consumption of all energy types 

ECP(Σ)b 
o Observed (actual) baseline period energy consumption 

ECP(Σ)r 
ɤ Observed (actual) reporting period energy consumption of all energy types 

ECP(Σ)bȁr 
a Modeled baseline period primary energy consumption adjusted to reporting period conditions 

ECP(Σ)rȁb 
a Modeled reporting period primary energy consumption adjusted to baseline period conditions 

ECP(Σ)bȁs 
a Modeled baseline period primary energy consumption adjusted to standard conditions 

ECP(Σ)rȁs 
a Modeled reporting period primary energy consumption adjusted to standard conditions 

ECP(Σ)i Intermediate period total primary energy consumption 

ECP(Σ)bȁi 
a Modeled baseline period primary energy consumption adjusted to intermediate period conditions 

ECP(Σ)iȁr 
a Modeled intermediate period primary energy consumption adjusted to reporting period conditions 

ESD(*) Delivered energy savings of an unspecified energy type 

ESP(*) Primary energy savings of an unspecified energy type 

m(*) Primary Energy Multiplier for the unspecified type of energy 
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748 Annex B - Normative: Energy Multipliers 
749 This annex provides unit conversion factors to convert from commonly available units to energy units in BTUs. If an alternative common 

750 energy unit is used, the user must document and apply correct unit conversion factors for the alternative unit. 

751 This annex provides defaults value for calculating primary energy from delivered energy. Primary energy consumption (in BTU) is 

752 calculated by multiplying the delivered energy (in BTU) by a Primary Energy Multiplier, ɢ(*). 

753 TABLE 4 - CONVERSION FACTORS FOR DELIVERED ENERGY 4 

Energy Type Measurement 
Units 

Unit Conversion Factor Primary Energy 
Multiplier, m(*) 

Steam: fired5 boiler pounds Per steam tables6 BTU/lb 1.33 

Steam: electric7 boiler pounds Per steam tables6 BTU/lb 3.0 

Hot water: fired5 boiler gallons x °F 8.34 BTU/(gal oF) 1.33 

Hot water: electric7 boiler gallons x oF 8.34 BTU/(gal oF) 3.0 

Chilled water8: fired5 , absorption 
chiller 

ton-hours 12,000 BTU/ton-
hour 

1.25 

Chilled water8: fuel, engine 
driven compressor 

ton-hours 12,000 BTU/ton-
hour 

0.83 

4 These values calculated using mechanical engineering references such as Marks’ Standard Handbook for Mechanical Engineers, 10th Edition. Eugene Avallone and Theodore 
Baumeister III.McGraw Hill. 1996. 
5 Multiplier calculated using 1/combustion efficiency, assuming efficiency of 75% 
6 Must know steam temperature and pressure. Values taken from steam tables should subtract out the enthalpy (BTU/lb) of water at inlet conditions. Also, need to know the steam quality if 
operating in a two-phase region. Steam tables used, whether online or in books, should be based on the International Association for the Properties of Water and Steam (IAPWS). The 
details of this formulation are found in “Formulation 1995 for the Thermodynamic Properties of Ordinary Water Substance for General and Scientific Use” by W. Wagner and A. Pruss, 7 
June 2002. (http://www.nist.gov/data/PDFfiles/jpcrd617.pdf) 
7 3.0 is the default factor for primary energy to grid-delivered electrical energy. The facility should use the same factor for converting electricity from the grid throughout their calculations.
 
Any factor other than 3.0 must be approved by the SEPTM Administrator.
 
8 Multiplier calculated using 1/COP. COP = coefficient of performance. It measures the relationship between the heat supplied or removed from a system and the work input to the system.
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Energy Type Measurement 
Units 

Unit Conversion Factor Primary Energy 
Multiplier, m(*) 

Chilled water8: electric7 gallons x oF 8.34 BTU/(gal oF) 0.72 

Compressed air9 cubic feet (ft3) 10.93 BTU/ft3 3.0 

Grid-based electricity kWh 3,412 BTU/kWh 3.0 

Solar-based electricity kWh 3,412 BTU/kWh 1.0 

Wind-based electricity kWh 3,412 BTU/kWh 1.0 

Geothermal based electricity kWh 3,412 BTU/kWh 1.0 

Solar or geothermal hot water or 
steam 

BTU 1 1.0 

Agricultural residues10 pounds 6,800 - 10,000 BTU/lb 1.0 

Herbaceous crops10 pounds 7,791 BTU/lb 1.0 

Woody crops10 pounds 8,852 BTU/lb 1.0 

Forest residues10 pounds 7,082 BTU/lb 1.0 

Urban residues10 pounds 5,600 - 11,800 BTU/lb 1.0 

Other biogas / biomass / 
biofuel10 

Varies See Appendix A of 
ORNL Biomass 

Data Book 

Convert to 
BTU 

1.0 

Still gas10 ft3 1,584 BTU/ft3 1.0 

Digester gas10 ft3 619 BTU/ft3 1.0 

9 Compressed air default value assumes a motor driven compressor at 100 psi only. The value of compressed air as an energy source under other conditions can be calculated using site-
specific conditions of delivered pressure, the efficiency of the compression equipment for the compression ratio needed at the delivered pressure, the altitude, the efficiency of the part load 
control mechanisms and controls, and the efficiency of the motor(s), engines, or turbines driving the compression equipment. 
10 Biomass Unit Conversion factors (Higher Heating Values) should be taken from the Oak Ridge National Laboratory Biomass Energy Data Book – Appendix A. This reference also outlines 
a methodology for accounting for material moisture content. 
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Energy Type Measurement 
Units 

Unit Conversion Factor Primary Energy 
Multiplier, m(*) 

Natural gas10 therms 100,000 BTU/therm 1.0 

Hydrogen gas10 ft3 343 BTU/ft3 1.0 

Liquid hydrogen10 pounds 60,964 BTU/lb 1.0 

Coal10 See invoice See invoice for 
higher heating 

value 

Convert to 
BTU 

1.0 

Petroleum coke10 pounds 13,460 BTU/lb 1.0 

Propane10 pounds 21,597 BTU/lb 1.0 

Crude oil10 gallons 138,350 BTU/gal 1.0 

Conventional gasoline10 gallons 124,340 BTU/gal 1.0 

Low-sulfur gasoline10 gallons 121,848 BTU/gal 1.0 

U.S. conventional diesel10 gallons 137,380 BTU/gal 1.0 

Low-sulfur diesel10 gallons 138,490 BTU/gal 1.0 
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