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Preface

Energy efficiency and conservation (EEC) should be promoted by applying the PDCA cycle—Plan,
Do, Check, and Act. “Plan” means to set EEC action plans to accomplish EEC targets across the
final sectors. “Do” means implementing the EEC action plan. “Check” means assessing the
implementation results, and “Act” means setting new EEC action plans referring to the
implementation results. When we develop EEC action plans across the final sectors, such as the
industrial and commercial sectors, energy efficiency indicators (EEls) defined as energy
consumption divided by activity variables, such as the Index of Industrial Production of sub-
industrial sectors and floor area of commercial buildings, referred to as energy use intensity (EUI),
will be useful to provide important information for understanding past trends, assessing the
potential for energy savings, and reviewing energy efficiency policies. Full benefits in establishing
EUls can be realised once sufficient and quality EUl data are compiled and computed to establish
benchmarks for various end-use sectors and sub-sectors.

The Philippines enacted the Energy Efficiency and Conservation Act, signed on 12 April 2019, to
institutionalise EEC as a way of life for Filipinos. However, there are no official EEls so far in the
Philippines. Thus, the Philippine Department of Energy (PDOE) requested the Economic Research
Institute for ASEAN and East Asia to support the Energy Utilization and Management Bureau
(EUMB) of the PDOE in preparing the EEls of commercial buildings and industrial factories.

This project conducted energy consumption surveys in industrial factories and commercial
buildings using local consultants in the Philippines. Although the local consultants are
inexperienced in conducting this kind of survey, especially validation capacity on collected data
from the surveys, this project succeeded in preparing some meaningful EEls due to the strong
support from ERIA regarding its knowledge and expertise on EEls. Thus, ERIA would like to
strongly suggest to the EUMB/PDOE to update the EEls periodically by conducting the energy
consumption survey and applying the knowledge and experiences obtained from this project.
This publication serves as a valuable guide for the EUMB/PDOE to continue pursuing the
establishment of EUI benchmarking and other EEC programs.

Shigeru Kimura

Special Advisor to the President on Energy Affairs
Economic Research Institute for ASEAN and East Asia
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Executive Summary

Energy efficiency indicators (EEls) are indispensable to promoting a country’s energy
efficiency and conservation (EEC) programs. The EEls can bring about many benefits, such
as monitoring and measuring the effectiveness of EEC strategies and programs. If the EEls
decline year by year, it will be evidence of the effectiveness of promoting EEC in a
country. EEls can also be used to quantify energy savings achieved in end-use sectors and
sub-sectors, providing that sufficient and quality data could be collected to establish the
respective benchmarking. Thus, it is recognised that this survey which collected 2 years
of data from 2018 to 2019 has limitations. Furthermore, meaningful data is limited due
to insufficient sample numbers (less than 100 as targeted) and the low capacity of local
consultants on energy consumption surveys. However, this report made clear that
indicative (2018 and 2019) energy efficiency levels in the Philippines could be derived as
follows, albeit with limitations and constraints:

* Commercial sector

> Office building sector
o Range of average energy utilization intensity (EUI): 213-336 kWh/m2/y
o Median EUI: 275 kWh/m2/y
> Retail building sector
o Range of average EUI: 324-458 kWh/m2/y
o Median EUI: 391 kWh/m2/y

* |ndustrial sector

» Cement sector average EUI: 3,097 MJ/MT/y
> Sugar sector average EUI: 42,058 MJ/MT/y
> Food sector average EUI: 3.14 MJ/kg

> Beverage sector average EUl: 0.61 MJ/litre

The EUIs mentioned above suggest that the Philippines’ industry and commercial sectors
might have energy-saving potential compared with neighboring countries such as
Singapore and Malaysia. Thus, the Energy Utilization and Management Bureau (EUMB)
should set up feasible and effective EEC action plans for both sectors and continuously
monitor the EUI produced from the energy consumption data submitted by designated
factories and buildings periodically under the Energy Efficiency and Conservation Act.

This project also provides many lessons learned to all the stakeholders who participated
in the study, such as (i) the methodology of energy consumption survey and validation of
sampled data, and computation and analysis on average EUls; (ii) the usefulness and



benefits of EEls, and challenging tasks in building respondents’ trust and confidence in
energy consumption surveys; (iii) hands-on experiences in data collection, and
methodology on analysis and validation of the sampled data.

This project is an initial step for the EUMB/Department of Energy Philippines (PDOE) to
start preparing EEls in the industry and commercial sectors, referring to the lessons
learned mentioned above, The EUMB/PDOE should continue to prepare more quality EEI
data and continuously monitor them to assess how EEC action plans have contributed to
EEC programs.

xi



Chapter 1

Introduction

1. Background

The Philippines has achieved high economic growth in the past 10 years, and its energy demand
also increased according to its gross domestic product (GDP) growth (5.7% p.a. in 2021). The
growth rate with biomass in 2010-2017 was 3.6% in terms of the total final energy consumption
(TFEC), but the growth rate without biomass registered 4.5% from 2010 to 2017. If there were no
plan to control the increase in energy demand, the TFEC without biomass in 2050 would be 3.2
times that of 2017, according to the country’s energy outlook reported in the East Asia Summit
Energy Outlook published by the Economic Research Institute for ASEAN and East Asia (ERIA).
Thus, the Philippines’ Department of Energy (PDOE) implements EEC programs and activities
according to the Energy Efficiency and Conservation Act enacted by the legislature in April 2019.
Consequently, the PDOE requested ERIA to promote EEC in the Philippines.

As part of the plans for PDOE to promote EEC per the Energy Efficiency and Conservation Act,
signed on 12 April 2019 to institutionalise EEC as a way of life for Filipinos, the PDOE should
prepare energy efficiency indicators (EEIs) to determine the current level of energy consumption.
Thus, this project will support the Energy Utilization and Management Bureau (EUMB) of the
PDOE to prepare EEs) to focus on commercial buildings and industrial factories, providing the
EUMB staff with capacity building on the methodology in EEI preparation.

In addition to the aggregate data, such as total energy consumption per GDP per capita contained
in national energy balances, the establishment of EEls will support policy development,
implementation, and monitoring for each final energy-use sector, such as the industrial and
commercial sectors. EEls can show policy-makers where energy savings can be made. In addition
to providing useful information on trends in the energy performance of sectors and sub-sectors,
EEls can also help model and forecast future energy demand. Another significant outcome is
establishing benchmarking EEIl values once enough years of data are compiled. Benchmarking EEI
values can drive the energy efficiency agenda for each sector and sub-sector.

2. Preparation of Energy Consumption Survey

Before the preparation and commencement of the energy consumption survey, ERIA and the
EUMB had two online meetings—the first on 17 December 2021 and the second on 4 February
2022.

The 17 December 2022 meeting discussed the following agenda:

1) The scope of work — by Shigeru Kimura of ERIA
2) The Terms of Reference (TOR) of the local consultants — by Shigeru Kimura of ERIA

3) Briefing on the survey sample questionnaires — by Leong Siew Meng, Malaysian energy
efficiency expert



4) Discussion on the selection of local consultants
5) Way forward by Shigeru Kimura of ERIA

This project aimed to conduct an energy consumption survey and prepare the EEls for the
industry and commercial sectors. Although this project was planned to collect energy
consumption data for 2 years, the methodology, analyses, and development of EEls would benefit
the PDOE in future data collection, establishment of EEls, and benchmarking values when
sufficient data and in-depth indicators could be obtained. According to the International Energy
Agency (IEA) (2014a), it is important to develop and maintain well-founded energy efficiency
indicators to understand better the drivers and potential for energy efficiency, inform the policy
process, and help decision-makers develop policies best suited to meet domestic and/or
international policy objectives.

At the meeting on 17 December 2021, Leong Siew Meng conducted a briefing on the survey
sample questionnaire. Subsequently, the EUMB raised some queries regarding Mr Leong’s
briefing. Mr Kimura replied to these queries on 30 December 2021, and Mr. Leong on 2 January
2022.

Requests for proposals were sent out to local consultants upon PDOE’s recommendations after
the approach, methodology, and the TOR for the energy consumption survey in the industry and
commercial sectors were finalised. Two consultants—the Philippine Institute of Energy
Management Professionals Inc. (PIEMPI) and Meralco Power Academy (MPA)—were shortlisted
and asked to attend meetings on 4 February 2022 with ERIA and the EUMB to discuss the
following agenda separately (10:00 a.m. session with PIEMPI, and 2:00 p.m. session with the
MPA):

1) Briefing on the Philippines’ EEC ACT and the need for EEls — by the EUMB and PDOE

2) Briefing on overall ERIA support to the PDOE on the EEls and the contents of the TOR to
PIEMPI and the MPA

3) Presentation of the proposal by PIEMPI (10:00 a.m. session)/MPA (2:00 p.m. session).
4) Comments on the proposal by Mr Leong, Malaysian EE expert
5) Overall discussion (including questions and answers)

After the discussions and clarifications during the 4 February 2022 meetings, the MPA and PIEMPI
submitted revised proposals to ERIA. As a result, the TOR and contracts to engage the MPA and
PIEMPI to conduct energy consumption surveys in the commercial and industry sectors were
finalised and awarded in March 2022.

PIEMPI would conduct the energy consumption survey with a total of 100 samples in the
following sectors of the industry sector:

e Cement factories
e  Sugar factories
e  Food factories

e  Beverage factories

The MPA would conduct the energy consumption survey with a total of 100 samples in the
following building categories of the commercial sector:



e Office buildings
e Retail buildings

However, the MPA collected data for some hotels and condominiums, which was insufficient as
the survey questionnaire did not cover sufficient parameters to allow the analysis and
preparation of EEls to be carried out. It was decided that the MPA would focus on analysing the
data collected for office and retail buildings, and preparing their respective EEls.

3. Training of Enumerators to Conduct the Energy Consumption Survey

ERIA conducted two training sessions, one on the industry sector with PIEMPI on 6 April 2022,
and another on the commercial sector with the MPA on 7 April 2022.

3.1. Industry Sector

The training covered the following topics:

e  Objectives of the energy consumption survey

e Understanding of EEls

e  Significance of EEls

e  Energy consumption and production output

e  The outcome of survey and potential sources of errors

e  Survey questionnaire and analysis format

1) Objectives
a) To conduct an energy consumption survey of the industry sector covering:

(1) Cement factories
(2) Sugar factories
(3) Food factories
(4) Beverage factories

b) The data to be collected shall be sufficient to prepare EEls, which are representative of the
respective sectors and shares of energy consumption by industrial processes.

2) Understanding energy efficiency indicators (EEls)

The explanation of EEls was based on the Energy Efficiency Indicators: Fundamentals on Statistics
published by the IEA (2014a). The IEA indicators approach is based on a conceptual structure of
an indicator pyramid, which portrays a hierarchy of energy indicators from the most detailed at
the bottom of the pyramid to the least detailed at the top. The generic pyramid of manufacturing
sector indicators (as illustrated in Figure 1.1) was explained to the enumerators. For this survey
for the industry sector, the enumerators were asked to focus on getting sufficient data to
compute EEIs under Level 2 in Figure 1.1, a measurement of energy use intensity (EUI), which is
the same as the EEls referred to by the IEA.



Figure 1.1. Generic Pyramid of Manufacturing Sector Indicators

Level 1a: Total industry energy consumption
absolute or as a share of total final consumption
(TFC)

Level 1b: Share of each energy source in total sub-
sector energy consumption mix

Level 2: Sub-sector energy consumption per unit
of physical output

Level 3: For production processes: energy
consumption in absolute values or shares of energy
consumption

Source: IEA (2014a).

Energy use intensity (EUl) would be an appropriate term to refer to the EEls for the industry
sector. EUl is the energy intensity that measures how much energy is needed to produce one unit
of physical output from a sector factory. EUl is defined as follows:

_ (Total yearly energy consumption)

EUI =

(Total yearly production output)

EUI is a ratio of total energy consumption within a year to total production output for the
corresponding period. The total energy consumption covers all energy-consuming activities
required in a factory’s production processes, including the energy needed to operate facilities
within the factory or plant. However, the energy needed to transport goods and services, which
are not part of the production processes, is excluded. The collection of energy and production
data for computing EUIs should be confined to the same industry sectors following the general
International Standard Industrial Classification of all Economic Activities within the same year.
The EUl computation corresponds with the Level 2 activity in IEA’s generic pyramid
manufacturing sector indicators.

3) Significance of EEls

Energy efficiency is “using less energy to provide the same service” (IEA, 2014a). An indicator is
often taken as something that provides an indication; however, an indicator could be any
statistical values that, once gathered and analysed, give a clue . With sufficient data, EEl trending
can be charted to provide valid comparisons within a factory and other factories, providing they
are of the same classification of industry sectors, as illustrated in Figure 1.2.



Establishing EEI benchmarking value for each industry sector is useful. However, this energy
consumption survey does not intend to establish EEl benchmarking values because this exercise
has its limitation. Only 2 years of data were collected during the survey period.

Figure 1.2 shows the energy required to dry a unit weight of a product. The energy requirement
varies depending on the extent of drying, which in turn depends on the extent of moisture
content present in the raw materials. Figure 1.2 shows that the unusually high energy
consumption rate could be due to scenarios, namely, lack of maintenance in the production
equipment and/or increased moisture content in a particular batch of raw materials. Figure 1.2
illustrates the significance and usefulness of EEI charting and tracking.

Figure 1.2. lllustration of EEl Tracking of a Drying Process
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Source: UNIDO (2012).

The training conducted on 6 April 2022 also shows another application of EUI analysis and
tracking method deployed in an oleochemical plant (Figure 1.3). Monthly energy consumption
and production data were collected and computed as monthly EUls. In addition, the monthly EUI
and average yearly EUl were computed. The graphs of monthly data and EUIs were plotted in
Figure 1.3. Figure 1.3 shows that the values of EUI fluctuate, and the EUIs in certain months are
not as good and are above the average yearly EUl value. Such indication may prompt further data
collection and investigation into the reasons for poorer energy performance. Nevertheless, Figure
1.3 shows that tracking of EUI can be a valuable tool for indicating energy performance and
overall energy management of a factory.



Figure 1.3. Example of EUIl Tracking in an Oleochemical Plant
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4) Energy consumption and production output

The training highlighted that energy sources include electricity and fuel energy consumption.
Table 1.1 was used in the training to explain the various forms of energy usage with respective
calorific values. However, the exact values of fuel used would depend on the data from fuel
suppliers in the Philippines. The training also highlighted the importance of applying consistent
energy units in computing energy consumption from energy data (e.g., in kg or litre) that would
be obtained in the survey. It was suggested that a common energy unit for different energy
sources should be megajoules (MJ). Table 1.1 shows the typical calorific values obtained from
APERC 2020 (APEC Energy Statistics 2018).

The training also explained the importance of applying consistent measurement units for
production outputs, for example, tonne, cubic metre, litre, etc. as illustrated in Table 1.2. This will
allow the computation of EUIs in consistent units to compare the EUls of various plants in the
same sub-sector.



Table 1.1. Example of Energy Consumption Data and Computation of Energy Consumption

Diesel for sta ndby * Data in kg or litre (density: 860 kg/m?3) Calorific Value
genset power * x CV = thermal energy in MJ (V)

* Data in kg Bituminous 24,618 kl/kg
* x CV = thermal energy in MJ coal

« Data in kg or m? Diesel 42,600 kJ/kg

Natural gas b . ‘
* x CV = thermal energy in MJ Fuel oil 42,600 ki/kg
Fuelwood » Datain kg LPG 47,700 ki/kg
* x CV = thermal energy in Ml Natural gas 36,031 ki/kg

Fuel wood & 15,500 kl/kg

* Data in kWh
wood waste

EIeCtnc'ty * x 3.6 MJ/kWh = thermal energy in MJ

Note: Actual CV values to be obtained from fuel supply companies.
Source: APEC (2019).

Table 1.2. Example of Measurement Units for Production Outputs

Products with Different Energy Production Output EUI
Measurement Units Consumptionin MJ (should be in per Product Type
consistent units & Basis

corresponding
period w.r.t.
energy
consumption data)

Product #1 (tonne)

Product #2 (m3)

Product #3 (litre)

) ) ) H-

Product #4 (carton)

Source: Authors.

5) Outcome of the survey and potential sources of errors
The training discussed the outcome of the survey, which should provide the following:

1) Average yearly EUIls for cement, sugar, and food and beverage factories

2) Percentage shares of energy consumption for various production processes, such as heating,
drying, production cooling, and production automation.

The training explained that the survey data would likely contain invalid and outlier data (Figure
1.4). Therefore, it is necessary to conduct data validation exercises after data collection. Various
potential sources of errors, as illustrated in Table 1.3, were also explained during the training.



Figure 1.4. lllustration of Scattered EUI Data
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Table 1.3. Example of Potential Sources of Errors

Energy Consumption Data Production Output Data

3.2.

Under-disclosure of data
Over-disclose

Inaccurate & inconsistent
calorific values
Inconsistency in energy units

Errors in energy conversion

Incomplete records, missing data,
etc.

Source: Authors.

Commercial Sector

The training covered the following topics:

Objectives of the energy consumption survey

Understanding of EEls

Significance of EEls

Under-disclose

Over-disclose

Errors in measurement units
Inaccuracy in production records
Mix-up between production

input & output

Incomplete records, missing data,
not corresponding with the same
period as the energy data.

Energy consumption and gross floor area (GFA)



2)

Outcome of the survey and potential sources of errors

Survey questionnaire and analysis format

Objective

To conduct am energy consumption survey of the commercial sector covering office and
retail buildings

The data to be collected shall be sufficient for establishing EEls and shares of energy
consumption by services.

Understanding of EEls

The explanation of EEl was based on IEA’s Energy Efficiency Indicators: Fundamental Statistics

(IEA, 2014a). The generic pyramid of commercial sector indicators, as illustrated in Figure 1.5,

was explained to the enumerators. For this survey, the enumerators were asked to focus on

getting sufficient data to compute the EEls under Level 2 in Figure 1.5, a measurement of building

energy intensity (BEI) expressed as the ratio of total yearly energy consumption to the GFA of a

building.

Figure 1.5. Generic Pyramid of Commercial Sector Indicators

Level 1a: Total sectoral energy consumption
(absolute or as a share of TFC)

Level 2b: Share of each energy source total
sectoral energy consumption mix

Level 2: Total energy consumption per floor
area defined as BEI

Level 3: End-use energy consumption by
services (absolute or as a share of energy
consumption by services)

BEI = building energy intensity, TFC = total final consumption.
Source: IEA (2014a).

Usually, commercial buildings are air-conditioned. For air-conditioned buildings, it was suggested

to refer to BEl as the EEIl for the commercial sector. Alternatively, the EUI may be used to describe
building EEIl in lieu of BEI. BEI is the energy intensity that measures how much distributed energy
is needed per occupied floor area for buildings of the same category. The definition of BEl is given

as follows:



(TBEC — CPEC) AWH

BEI =
(GFA — CPA) — (GLAx FVR) ~ WOH

Where: TBEC = total yearly building energy consumption (kWh/y)
CPEC = yearly car park energy consumption (kWh/y)
GFA = gross floor area (m?)
CPA = car park area (m?)
GLA = gross lettable area (m?)
FVR = floor vacancy rate (%)
AWH = average weekly operating hours (hours/week)
WHO = weighted operating hours of building under BEI computation

The following factors should be considered in comparing BEls between buildings:

a) BEls of different buildings should be compared for buildings of the same categories, e.g.,
office buildings, retail buildings, hospitals, hotels, etc.

b) The average operating hours should reflect the actual average operating hours amongst the
surveyed buildings of the same category.

c) Indoor car park areas are usually large and are not air-conditioned. Therefore, car park areas
are excluded in the BEI computation to avoid distortion of BEI.

d) Similarly, the GFA should not include unoccupied floor areas, as some buildings may be
partially occupied. Otherwise, BEI values will be distorted.

3) Significance of EEI

Space cooling is a major driver of building energy demand for hot and humid climates. Therefore,
BEI reflects the distributed energy demand within the GFA of a commercial building, and will
indicate total energy demand that includes air-conditioning. lighting, and other equipment loads.

With sufficient BEI data, building management can use BEI charting to monitor and evaluate the
energy performance of a building. The tracking of BEls can be used as a basis for diagnosing any
issues on energy use in a building over a period.

BEI data and charting can provide valuable tools for policy-making to assess the effectiveness of
energy efficiency strategies and policies. The information gained from establishing and tracking
EEls will help policy-makers set energy efficiency targets and track progress towards these
targets, as well as quantify energy savings (Figure 1.6). Singapore commenced its green building
programs in 2005. Figure 1.6 shows Singapore’s average yearly EUI (or BEI as referred to by the
author) trend by commercial building types. To compare the EUI/BEI on similar situation (initial
stage of energy efficiency drive), reference should be made to the 2008 average EUI values in
Singapore, i.e., 276 kWh/m?/y for office buildings and 401 kWh/m?/y for retail buildings.
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Figure 1.6. Singapore’s Average EUl Trend by Commercial Building Types
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4) Energy Consumption and GFA

Like the industry sector, energy consumption and GFA should be consistent units. Energy
consumption data include electricity and other fuels consumed in buildings. Other fuels will likely
come from standby power generation, water heating, and food preparation.

As explained above, the GFA will exclude the indoor car park area. Therefore, the survey should
determine the extent of floor vacancy rate by percentage for the computation of actual occupied
area for a more accurate determination of BEI. In addition, information on the building footprint
should be obtained to gauge the accuracy of any given GFA.

5) Outcome of the Survey and Potential Sources of Errors

The survey will produce indicators for office and retail building buildings. However, it was
highlighted that data collection must undergo a data validation process to identify invalid and
outlier data. Otherwise, unrealistic BEI values will be derived. Figure 1.7 shows examples of
outlier data.
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Figure 1.7. Example of Outlier BEI Data
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Table 1.4. Example of Potential Sources of Errors

Energy Consumption Data GFA and Other Factors

Under-disclosed data Under-disclosed GFA

Over-disclosed data Over-disclosed GFA

Inaccurate and inconsistent calorific values Carpark area is included

Inconsistent energy units Inaccuracy in operating hours

Errorsin energy conversion Floor vacancy rate not available
Incomplete records, missing data, etc. Lack of as-built drawings/ building records

GFA = gross floor area.
Source: Authors.
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Chapter 2

Energy Consumption Survey and Energy Efficiency Indicators

1. Introduction

The Philippine Institute of Energy Management Professionals Inc. (PIEMPI) conducted the energy
consumption survey for the industry sector. The Meralco Power Academy (MPA) conducted that
for the commercial sector. The enumerators of both consulting companies were given training by
ERIA on 6 and 7 April 2022, respectively.

The methodology was explained during the training with survey questionnaire guides prepared
by ERIA. The survey questionnaire guides aimed to provide an example of the types of data to be
collected in Excel files, formatted to compute the EUI for the industry sector and BEI for the
commercial sector. However, during the survey and subsequent reporting, the MPA referred to
BEI as EUI. Therefore, tor consistency, the EUl will also be referred to as the EEl for the
commercial sector. However, the units will be different as the definitions of EUI for the industry
and commercial sectors are different.

Because of the expected production interruptions due to the COVID-19 pandemic during 2020
and 2021, the PDOE and ERIA agreed that the data collection was to base on 2018 and 2019 data.
The energy consumption and production output values for the industrial and commercial sectors
must be consistent.

2.  Survey Questionnaire for the Industry Sector
As shown in Appendix C, the survey questionnaire comprised the following tables:

1) Table C1: General information
- General company information, industry category, etc.
- Description of products and production processes, type of fuels used, and respective
calorific values
2) Table C2: Energy consumption data, including fuels and electricity from the utility and onsite
power generation, other fuel usage, and production output data.
- Energy consumption from various sources, including utility, generator sets, and other fuel
usage
- Production outputs complete with measurement units
3) Table C3: Energy consumption breakdowns for production processes, for example:
- Steam
- Heating
- Drying
- Process heating
- Production automated processes

4) Table C4: Energy consumption breakdowns for products with different measurement units.
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3.  Survey Questionnaire for the Commercial Sector
As shown in Appendix D, the survey questionnaire comprised the following tables:

1) Table D1: General information

- General company information, building category (office or retail buildings).
— Description of building functions, type of fuels used, and respective calorific values.

2) Table D2: Energy consumption data, including fuels and electricity from the utility and onsite
power generation, other fuel usage, and the GFA.

3) Table D3: Details of air-conditioned spaces for estimating energy consumption by air-
conditioning system.

4) Table D4: Lighting installations in retail buildings for estimating electricity consumption by
lighting

5) Table D5: Lighting installations in office buildings for estimation of electricity consumption
by lighting

4. Outcome of the Survey

The industry sector survey undertaken by PIEMPI and the commercial sector undertaken by the
MPA encountered numerous challenges, such as indifferent responses, lack of cooperation, and
incomplete and erroneous submissions, which were probably due to the voluntary and unfamiliar
nature of the survey and the likely absence of readily available data required by the survey
guestionnaire. The challenges were further compounded by the COVID-19 pandemic situation,
which imposed restrictions on physical or onsite surveys to be carried out. As a result, the survey
reached out to the companies or respondents in the four industry sub-sectors: sugar, cement,
food and beverage factories, and commercial sectors, namely office and retail buildings mainly
relied on emails and telephone calls. The companies to be surveyed were primarily based on
PDOE’s predetermined list of companies. The scope of the survey was based on 100 samples for
each of the industry and commercial sectors. The number of samples per sector was to be
determined by the PDOE.

5. Industry Sector Outcome
5.1. Industry Sector Preliminary Outcome
PIEMPI reported the following when they commenced the survey in May 2022:

1) Five enumerators handled about 20 companies each.

2) Out of the 99 survey questionnaire emailed to companies, 18% of emails bounced, 36%
without response, 27% responded but had yet to receive the completed questionnaire, and
18% responded with submissions.

3) Because of the bounced emails, PIEMPI requested 20 companies to be replaced in their
original list.

4) Encountered administrative issues such as:

- No contact telephone number in the list
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- Invalid contact numbers provided

- Change of contact personnel

- Request for more time

- Approval needed from top management

- Signing of non-disclosure agreement

Following PIEMPI’s submission of the first set of consolidated and validated Excel files on the
survey data for the four sectors on 27 August 2022, ERIA reviewed and analysed the survey data.
The following preliminary findings were shared with PIEMPI using the Box and Whisker method.

Table 2.1. Preliminary Analysis and Computation of EUI Based on PIEMPI Data Submitted on

27 August 2022
Preliminary EUI
No. of . .
Sector Results of Box and Whisker Analysis
Samples 2018 2019
_ 4500
=
2
E 4,000
E 3,500 l l
Cement 3,174 3,075 '
10
sector MJ/MT/y = MI/MT/y 3,000
2,500 l l
2,000
90,000
=
?,_ 80,000
H
é 70,000
Sugar 42,565 41,551
6 60,000
sector MIJ/MT/y | MI/MT/y
50,000
40,000
l 1
g 9.00
g 8.00
Food 5 3.59 3.29 [
sector Mi/kgly  Mi/kgly .
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No. of Preliminary EUI

Sector Results of Box and Whisker Analysis
Samples 2018 2019
% 180
5 180
8 0.60 0.62 |
evera
& 24 Mifliter/ Mliter/
e sector 100
y y 0.80
050
040 l

Source: Authors, based on PIEMPI’s survey data submitted on 27 August 2022.

PIEMPI submitted subsequently updated survey data files on 1 and 2 October 2022. ERIA made
another review and analysis, but the X-bar and R-chart analytical tool was used. The results were
shared and discussed with PIEMPI in a meeting held on 26 October 2022, as summarised in Table
2.2. The analysis, methodology, and various potential outliers were discussed in this meeting.
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Table 2.2. Preliminary Analysis and Computation of EUl based on PIEMPI Data
Submitted on 1 and 2 October 2022

Preliminary EUI

No. of Upper EUI Average Lower EUI | Results of X-Bar & R-Chart Analysis
Samples
EUI
4,000 ueL
3,640
AN j
E 3500 Xdbl
Cement 3,640 3,208 2,776 : \/\ i
14 Y 3,208
sector MJ/MT/y MJ/MT/y MJ/MT/y \\
3,000
1 Jl%ﬁ
2,500 \
£ 7n'rACAhart Area
Sugar 6 54,406 43,152 31,897 0,00
sector MI/MT/y  MIMT/y  MIYMTy / rry
?’ 6.00
Food o 4.833 3.53 2.234 A~ / o
Chart Area
sector MJ/kgly Mi/kg/y Mi/kgly ~ /\J
200 / =
0.954 0.65 0.355 s -
Beverage 25 . ) . o /\/
sector MJ/litre/y | MJ/litre/y = MJ/litre/y '
uw 4 0355

Source: Authors, based on PIEMPI’s survey data submitted on 1 and 2 October 2022.

5.2. Industry Sector Final Outcome Reported by PIEMPI

Based on feedback given by ERIA following their reviews, , PIEMPI made further data validation and
analyses. PIEMPI identified some outlier data and reported possible reasons for deviation, as follows:

Some factories have incomplete processes (e.g. bagging only).

Some factories have ongoing construction or facility upgrade work.

The food and beverage sectors revealed a wide range of EUI due to differences in products and
processes.
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PIEMPI, which did the analyses based on the respective excel sheets, reported the following
findings.

Table 2.3. Number of Survey Samples Collected and Used in the Analyses

Number of Samples

Targt;il:‘l:)r;:er of Numlc::)r"c;zts::ples Used in Analysis &

Computation of EUls
Cement Sector 15 14 10
Sugar Sector 10 7 6
Food Sector 35 16 9
Beverage Sector 40 30 24
Total 100 67 49

Source: PIEMPI (2023).

Cement Sector

Figure 2.1. Cement Factory EUls Computed from Survey Data
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Source: PIEMPI (2023).
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Table 2.4. Range of Cement Sector EUl Computed from the Survey Data

2018 2019 Remarks ‘

Average EUI 3,095 3,206 Average value

(MI/MT)

Median EUI (MJ/MT) 3,118 3,075 Box and Whisker
method

Lowest computed 2,364 2,548 Box and Whisker

EUI (MJ/MT) method

Highest computed 3,706 3,864 Box and Whisker

EUI (MJ/MT) method

Source: PIEMPI (2023).

Table 2.5. Distribution of Energy Usage in the Cement Sector

Percentage of Energy Usage

Energy Source Remarks
gy (%)

Coal 89 Coal is the most commonly
used fuel in all cement
factories.

Pet coke 53 Pet coke is the second-most

commonly used fuel.

Solid fuel 42 Solid fuel is also commonly
used.
Fuel oil 14 Fuel oil is relatively less

commonly used.

Electricity 14 Electricity accounts for about
14% of energy usage.

Others 4-11

Source: PIEMPI (2023).
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Table 2.6. Distribution of Energy Used in Cement Production Processes

Production Process

Heating

Percentage of Energy Used

82%-97%

Remarks

Most energy is used for
heating in the clinkering
process, which converts the
raw material into cement.

Mechanical process

3%—-18%

Electricity is primarily used in
mechanical processes, which

account for about 3%—-18% of
the total energy used.

Source: PIEMPI (2023).

Sugar Sector

Table 2.7. Range of Sugar Sector EUl Computed from Survey Data

EUI (MJ/MT)

method

2018 2019 Remarks ‘
Average EUI (MJ/MT) 49,993 49,478 Average value
Median EUI (MJ/MT) 42,565 41,551 Box and Whisker
method
Lowest computed 30,869 35,676 Box and Whisker
EUI (MJ/MT) method
Highest computed 84,478 80,837 Box and Whisker

Source: PIEMPI (2023).
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Figure 2.2. Sugar Factory EUls Computed from Survey Data
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Source: PIEMPI (2023).

Two sugar factories show consistently high EUls, possibly due to the age of the factory plant
equipment. In terms of fuel use, all factories use bagasse as fuel to produce electricity and steam
for heating. Diesel and bunker fuel oil usage is minimal compared with other fuels consumed. The
distribution of energy used in heating and mechanical processes in the sugar sub-sector is about
equal (Table 2.8).

Table 2.8. Distribution of Energy Used in Sugar Production Processes

Production Process Percentage of Energy Used

Heating 40%-56%

Mechanical 60%—44%

Source: PIEMPI (2023).



Food Sector

Table 2.9. Range of Food Sector EUI Computed from Survey Data

2018 2019 Remarks ‘

Average EUI (MJ/kg) 2.94 3.5 Average value

Median EUI (MJ/kg) 3.18 3.10 Box and Whisker
method

Lowest computed 1.42 1.58 Box and Whisker

EUI (MJ/kg) method

Highest computed 4.25 5.74 Box and Whisker

EUI (MJ/kg) method

Source: PIEMPI (2023).

Table 2.10. Variations in Food Sector EUls Due to Product Variations

Product Type EUI CEVER'S
(MJ/kg)
Food snack (chips, etc.) 1.42-1.58 Consistent range
Bakery products 1.94-4.25 Wide range due to different
bakery products
Varied products 5.44-5.74 Plants produce a variety of
products

Source: PIEMPI (2023).
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Figure 2.3. Food Sector EUls Computed from Survey Data
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Source: PIEMPI (2023).

Table 2.11. Share of Energy Usage by Percentages in Food Sector

Range of Energy Use by
Type of Energy Source Remarks

Percentage (%)

Electricity 20-72

Most plants used diesel, coal,

Fuel 80-28
and liquified petroleum gas

Source: PIEMPI (2023).
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Table 2.12. Distribution of Energy Used in Production Processes of the Food Sector
Production Process Range of Energy Use (%) Remarks ‘

Heating 27-81 Varied range due to
products. Energy is mainly
used for heating and
mechanical processes.

Mechanical 73-19 Varied range due to
products. Energy is mainly
used for heating and
mechanical processes.

Source: PIEMPI (2023).

Beverage Sector

Table 2.13. Range of Beverage Sector EUls Computed from Survey Data

Remarks

Average EUI 0.66 0.66 Average value
(MJ/litre)
Median EUI (MJ/litre) 0.60 0.62 Box and Whisker

method
Lowest computed 0.18 0.2 Box and Whisker
EUI (MJ/litre) method
Highest computed 1.74 1.55 Box and Whisker
EUI (MJ/litre) method

Source: PIEMPI (2023).
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Figure 2.4. Beverage Sector EUls Computed from Survey Data
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Table 2.14. Variations in Food Sector EUIs Due to the Nature of Products

Product Type A Remarks
(MJ/litre)

Bottled water 0.18-0.44

Soft drinks 0.49-0.77

Beer 1.0-1.04

Energy drinks 0.84-1.74

Mixed beverage & food 1.15-1.31 Some plants produce mixed
beverage and food, resulting
in a higher EUl range.

Soya-based drinks 8.4-8.42 This type of product entails

cooking soya beans that
consume more energy than
other beverage production.

Source: PIEMPI (2023).




Table 2.15. Share of Energy Usage by Percentages in Beverage Sector

Range of Energy Use by

Type of Energy Source Remarks
i 4 Percentage (%)
Electricity 25-85 Range of energy use due to
process variations
Fuel 75-15 Most plants used diesel, coal,

and blended fuel (diesel and
bunker oil) for process
heating. Companies B3 to B7
mainly use diesel, while B13
to B24 use blended fuel.

Source: PIEMPI (2023).

Table 2.16. Distribution of Energy Used in the Production Processes of the Beverage Sector
Production Process Range of Energy Use (%) Remarks ‘

Heating 15-74 - Range of heating energy
use due to process

Cooling/Mechanical 85-26 o
variations

- Energy is mainly used
for heating, cooling, and
mechanical processes.

Source: PIEMPI (2023).

5.3. Summary of Industry Sector Final Outcome

Based on the average median values of 2018 and 2019 EUIs computed as the representative EUls
for the cement, sugar, food, and beverage sectors, Table 2.17 summarises the EUls compared
with the available target or benchmark values from other countries.

Table 2.17. Summary and Comparison of EUls

EUI Computed from  EUI Target Values of Source
the Survey Data Other Countries
Cement 3,097 MJ/MT/y 3,220 MJ/MT/y ECCJ, Japan
Sugar 42,058 MJ/MT/y 37,867 MJ/MT/y Indonesia
Thinzar and Haryanto
(2021)
Food 3.14 MJ/kg N/A —
Beverage 0.61 MJ/litre N/A —

Source: Compiled by the authors, based on PIEMPI and sources as quoted.
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Table 2.17 shows that the EUI values computed from the survey data of the Philippines’ cement
and sugar sectors are within a reasonable range of values compared with the target values of
Japan in the cement and sugar sectors for Indonesia. Based on the findings of the Philippine
Innovation Entrepreneurship Mission, Inc. (PIEMI), it is more realistic to establish EUI values
under further breakdowns in classification for the food and beverage sectors due to the wide
range of products involving many variations in production processes. Therefore, PIEMI’s findings
show that subdividing the broad range of products in the food and beverage sectors is more
meaningful, as suggested in Tables 2.10 and 2.14.

PIEMI’s findings also showed that the primary energy sources are electricity and fuel, comprising
mainly diesel, coal, and blended fuels. The energy sources are used primarily for heating and
mechanical production processes, except for the beverage sector, where cooling is required.

PIEMI encountered the following challenges:

1) PIEMPI encountered Indifference from targeted respondent companies. Complete with a
formal letter from the PDOE, many respondent companies ignored PIEMPI’s efforts to
establish a connection by not replying to emails or answering calls, or blocking off emails.
This created so much delay in completing the survey project.

Some company data were unclear and could not be reconciled. PIEMPI’s efforts to further
clarify the data submitted encountered no response.

PIEMPI surveyed more than 200 companies in three batches to be able to complete the
survey project. This project was finalised, thanks to the PDOE’s assistance and the openness
of ERIA to the encountered problems.

2) Some survey data submitted were unreliable because they could not be used for
computation and analysis of their energy use performance. Some data or information are
erroneous, incomplete, or inconsistent with what is expected of the respondents’ nature of
operation.

3) Not all companies in the cement sector have the complete process of producing cement,
from clinkering to finished cement. A few companies undertake only one or more stage/s of
the process, which hinders PIEMPI’s effort to reconcile the data or information obtained.

6. Commercial Sector Outcome
6.1. Commercial Sector Preliminary Outcome
The MPA reported the following in their preliminary report dated 10 May 2022:

1) Based on a list of 100 companies received from the PDOE on 19 April 2022, an additional
list of 100 companies on 22 April 2022, and an additional list of 32 companies to replace
erroneous entries, the MPA reported the survey response situation as follows:

a) Companies responded: 79 (However, out of the 79 companies responded, only 23%
fully completed the survey questionnaire; 13% completed 50%; 64% completed less
than 50%).

b) Companies without response: 22

c) Number of calls via telephone and/or mobile phone: 32
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2)

3)

d) Additional emails after the first emails: 16
Issues encountered by the MPA at the initial stage of the survey:
a) Preparation of master list and communication

— Preparation and updating of the master list could be improved to expedite the
survey implementation. On week 2 of the rollout, enumerators were still catching
up on getting the correct contacts.

o Contact details were not updated.

o Duplication of records
b) Several companies claimed that they did not receive emails from the PDOE.

c¢) Enumerators needed to follow up with respondents on data validation due to
erroneous data entries such as:

o GFA discrepancies not matching the building footprint.
o Operating days are given as 1 or 1.5 days/week.

o Data for electricity and water consumption provided were incomplete.

Most companies selected for the survey knew about the EEC Law and practices and had
submitted annual reports. Most companies were willing to contribute and participate in
the survey. However, due to a lack of knowledge about the energy consumption survey,
the enumerators must get buy-in or cooperation from the respondents, especially in the
initial interviews. The enumerators needed to explain the objectives, scope, contents, and
methods of filling in survey forms. Some companies had restrictions on accessing external
websites. The MPA provided Excel format directly to these companies.

The MPA reported the following in a subsequent progress report submitted in August 2022:

1)

2)

3)

The MPA developed a survey tool form based on the initial Excel file provided by ERIA. The
survey tool form was complete with a link sent directly to the selected companies. The first
draft was shown to energy practitioners for feedback before the deployment. Due to the
COVID-19 restrictions, the survey was conducted through digital or online platforms.

The survey tool form comprised four parts for better information organisation. The form
allowed respondents to review, save, exit after each part, and return to their saved work
at their convenience. Additional versions of the survey tool were developed to
accommodate respondents who had difficulty in accessing the form online due to company
policies and security firewalls.

Part 1 —Introduction and General Information

Part 2 — Types of Fuels Used

Part 3 — Air-Conditioning Section

Part 4 — Lighting Section

Eight enumerators were trained and deployed to conduct the survey, including
engagement with the respondents and providing technical support during the data-
gathering activities.
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Some strategies used in the engagement with respondents were:

Group orientation sessions were conducted for engineers, energy managers, and
building management focal persons who helped convey instructions and gather data
from their subordinates.

Enumerators guided respondents in filling out the survey tool forms.

The MPA intended to achieve a sample size of 30 companies in retail and 30 in office

buildings, and the balance in hotels and condominiums. However, the survey

questionnaires were not formulated to conduct such surveys. As a result, data was

insufficient to complete the survey and analyse hotels and condominiums. Hence, this part

of the survey not originally planned for was aborted.

Out of the 200 companies in the PDOE lists, the MPA reached out to 185 companies, 92 of
which were successfully contacted and responded (5 additional companies were later

added to make up a total of 97 respondents). However, 93 companies (or 46.5%) were

removed or excluded from the list due to the following reasons:

Did not respond: 51 companies
Decline to participate: 13 companies
Double entries: 22 companies

Disqualified: 7 companies

The MPA presented its survey results on office and retail buildings based on 2018 and 2019 data

in a meeting held on 15 July 2022.
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Figure 2.5. Computed Office Building EUl vs GFA Based on 2018 Data
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Source: MPA’s PowerPoint report presented in the 15 July 2022 meeting.
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Figure 2.6. Computed Office Building EUI vs Total Yearly kWh Based on 2018 Data
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Figure 2.7. Computed Office Building EUl vs GFA Based on 2019 Data
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Figure 2.8. Computed Office Building EUI vs Total Yearly kWh Based on 2019 Data
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Figure 2.9. Computed Retail Building EUI vs GFA Based on 2018 Data
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Source: MPA’s PowerPoint report presented in the 15 July 2022 meeting.

Figure 2.10. Computed Retail Building EUI vs Total Yearly kWh Based on 2018 Data
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Figure 2.11. Computed Retail Building EUI vs GFA Based on 2019 Data

800 T— = 250,000
EUI [kWh/m2, GFA (m2

700 v

e 200,000

500 150,000

400

300 100,000

=0 50,000

o T

0 0

31241926 5 1 7 1013232522 2 1620303321 9 17151812 6 4 1411 3 B 27283229
B Euilding EUI, kWh/m2 — Gross floor area (m2)

Source: MPA’s PowerPoint report presented in the 15 July 2022 meeting.
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Figure 2.12. Computed Retail Building EUI vs Total Yearly kWh Based on 2019 Data
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Source: MPA’s PowerPoint report presented in the 15 July 2022 meeting.

The initially computed EUIs in Figures 2.5 to 2.12 show a wide range of EUI variation for both
office and retail buildings. The GFA and total yearly energy consumption data were also
inconsistent. The extreme values of GFA and total yearly consumption were highlighted in the
meeting as potential sources of erroneous data. The MPA was advised that such extreme GFA
values and total annual energy consumption would warrant further effort in reviewing and
validating the data. In addition, these initially computed EUls were not normalised to reflect the
average building operating hours. For example, the range of office and retail business operating
hours recorded was 40-168 hours/week was the same, but with differences in the skewed
distribution of data. The average office operating hours recorded in the survey was 124
hours/week, while retail business operating hours was 94 hours/week. The standard 2,000
hours/year for office buildings aligned with the ASEAN Energy Award was also considered. The
normalised EUI values could then be compared with other buildings of the same category.

The MPA explained its findings during the initial stage of the survey, as follows:

1) Some contact persons or appointed energy managers and staff appeared to need to
strengthen data collection and quality control because some data on buildings, building
facilities, and energy parameters were lacking or undocumented.

2) Most respondents needed to improve their awareness of building energy performance on
energy baselining, use of energy performance indicators, and establishing benchmarking,
which explained the low quality and inconsistent data provided in the survey.

3) There was a need to improve data reliability on significant energy users, energy balance, and
the capability of showing or presenting energy information, including energy performance
data. This showed opportunities to improve energy management processes and systems in
companies.

4) The functions of some designated establishments in the Philippines’ commercial sector are
multi-use, multipurpose, and flexible, as they might coexist in the same building and even
on the same floors. This makes the sectoral industry energy consumption survey challenging
and complex.
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Following MPA’s submission of its final report on 2 September 2022 and consolidated data on 7
September 2022, ERIA conducted a review and analysis, presented and explained in an online
meeting on 4 October 2022. In addition to the anomalies in the GFA and total yearly energy
consumption data highlighted above, Figures 2.13, 2.14, and 2.15 identified the outlier EUI data.

Figure 2.13. lllustration of 2018 Office Data Validation Exercise #1
Normalised EUI to 2000 h/y (or 38.5 h/week)

600

Z ® 560
£
S 500
= * #9 & #19 EUIs are considered outliers
@ * Data encircled were further analysed.
400 @ 390
300
©® 223

Source: Author, based on MPA’s submission of consolidated data in September 2022.

33



Figure 2.14. lllustration of 2018 Office Data Validation Exercise #2
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Source: Author, based on MPA’s submission of consolidated data in September 2022.
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Figure 2.15. lllustration of 2018 Office Data Validation Exercise #3
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Figure 2.16. Comparison of Average EUI from 2018 Office Data Based on the Normalisation of
Average Operating Hours to 38.5 h/week and 124 h/week Using the Box and Whisker
Method, Prepared by ERIA
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Source: Authors, based on MPA’s submission of consolidated data in September 2022.

Figure 2.16 shows the results of using the Box and Whisker Plot method to estimate and compare
the median values of the EUI, based on the normalisation of average operating hours of 38.5
hours/week (or 2,000 hours/y, based on the ASEAN Energy Award) and 124 hours/week, which
was the average operating hours derived from respondents’ survey data. Based on the average
operating hours in the survey data, ERIA believed that 124 hours/week would reflect more
accurately the energy consumption data obtained. Hence, the final analysis and computation of
the EUIs would be based on the normalisation of operating hours of 124 hours/week derived
from the survey data. The Box and Whisker method is useful if the yearly median value of the EUI
is to be established. Yearly EUl data can be plotted in graphs for monitoring purposes, like Figure
1.6 on Singapore’s EUIl trend when sufficient yearly EUIl data are established for various building
categories.

In addition to the Box and Whisker Plot method, ERIA showed the MPA an alternative statistical
analysis method in X-bar and R-chart for estimating EUIs during the online meeting on 4 October
2022. Table 2.18 summarises ERIA’s estimation of average EUI for the office and retail buildings
based on the 2018 and 2019 survey data, normalised to the respective average operating hours
of 124 hours/week for office buildings, and 94 hours/week for retail buildings.
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Table 2.18. Estimation of Average EUI from 2018 and 2019 Data Using X-Bar and R-Chart
Method, Prepared by ERIA

Office buildings

Computed EUI
(kWh/m?/y)
Based on 2018 & 2019
data and from X-Bar
chart:

Median EUI value = 275
kWh/m?/y

Lower Control Limit (LCL)
=213 kWh/m?/y

Upper Control Limit
(UCL) = 336 kWh/m?/y

Results of X-Bar and R-ChartIAnaIysis
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Retail buildings

Based on 2018 & 2019
data and from X-Bar
chart:

Median EUI value = 391
kWh/m?/y

Lower Control Limit (LCL)
=324 kWh/m?/y

Upper Control Limit
(UCL) = 458 kWh/m?2/y
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Source: Author, based on MPA’s submission of consolidated data in September 2022.
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6.2. Commercial Sector Final Outcome per MPA Report

Following the review and discussion on 4 October 2022, the MPA submitted its final report on 20
December 2022. MPA’s final analysis and computation of the EUIls are summarised in Table 2.19.
The final computation of office building EUI is based on normalised operating hours of the

average operating hours of 124 hours/week per office sector respondent, while that of retail

buildings is based on the average operating hours of 94 hours/week per retail sector respondent.

Table 2.19 summarises MPA’s findings on estimating average EUIs with ERIA’s input on the final

analysis, and percentage shares of energy usage, based on the 2018 and 2019 survey data.

The MPA also collected data on the age and occupancy rates of office and retail buildings.

However, it reported that correlations between the EUl and building age and occupancy rates for

both types of buildings were weak to indiscernible.

Table 2.19. Final Analysis and Computation of EUls Reported by the MPA

Computed EUI

(kWh/m?/y)
Office Box and Whisker Plot
building Analysis: 1,000

Based on the survey o

data with

Q Q 700
normalization of

. 600
average operating

hours of 124, the
median value of the
2018 office building
EUl is about 224
kWh/m?/y.

500

EUI (kWh / m? /y)

400
300
200

100

Based on the survey
data with e
normalisation of 50
operating hours, the E00
median value of the A
2019 office building
EUl is about 202

kWh/m?/y.

600

500

EUI (KWh/m?2/y)

400

300

200

100

Results of Box & Whisker Plot Analysis

Office (2018)

Blue box represents
computation of EUI based on
survey data without
normalisation to average
operating hours.

Grey box represents computation of
EUI based on survey data with
normalisation to average operating
hours of 124 h/week.

- v
Ql 121.8 o Q1:120.2
Median: 177.8 “ o Median: 223.8
Q3:313.1 Q3:290.0

[ Building EUI [1 Normalized EUI (38.2 kWH/wk) [ Normalized EUI (124 hrs/wk)

Office (2019)

1

M Building EUI M Normalized EUI (38.2 kWH/wk) 1 Normalized EUI (124 hrs/wk)
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Computed EUI

(kWh/m?/y)
Percentage share of
energy usage in office
buildings in 2018:

— Lighting: 7%
—  Air conditioning:

23%

—  Other loads: 70%
Comment: The
percentage share of
air-conditioning load
is unexpectedly low.

Percentage share of
energy usage in office
buildings in 2019:

—  Lighting: 7%
— Air conditioning:
19%

Other loads: 74%
Comment: The
percentage share of
air-conditioning load
is unexpectedly low.

X-Bar and R-Chart
analysis of 2018 and
2019 office data:

The median value of
the office EUI data is
248 kWh/m?/y.

No. of samples used
in computing for
office EUIs:

2018: 34
2019: 40

250

Results of Box & Whisker Plot Analysis

Ofiice (2018)

Air-
conditioning,
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Other Loads,
70%

Office (2019)

Lighting, 7%

Air-
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Other Loads,
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Computed EUI

(kwh/m?/y)

Results of Box & Whisker Plot Analysis

Retail
building

Box and Whisker Plot
Analysis:

Based on the survey
data with
normalisation to
average operating
hours to 94 h/week,
the median value of
the 2018 retail
building EUl is about
270 kWh/m?/y.

Based on the survey
data with
normalisation to
average operating
hours of 94 h/week,
the median value of
the 2019 retail
building EUl is about
250 kWh/m?/y.

Percentage share of
energy usage in retail
buildings in 2018:

— Lighting: 10%
— Air conditioning:
23%

Other loads: 65%
Comment: The
percentage share of
air-conditioning load
is unexpectedly low.
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Computed EUI

Results of Box & Whisker Plot Analysis

No. of
Samples

(kWh/m?/y)
Percentage share of
energy usage in retail
buildings in 2019:

— Lighting: 8%
—  Air conditioning:

26%

Other loads: 66%

Comment: The

percentage share of
air-conditioning load
is unexpectedly low.

X-Bar and R-Chart
analysis of 2018 and
2019 retail data:

The median value of
the retail building EUI

data is 266 kWh/m?/y.

No. of samples used
in computing for
retail building EUlIs:
2018:31

2019:33
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Source: Author based on MPA’s Excel file submitted on 20 December 2022.
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Table 2.20. Number of Samples Collected and Used in Analysis

Target Number of
Samples

Number of Samples

Collected

Number of Samples
Used in Analysing

and Computing EUIs

Office buildings No breakdown was No breakdown was 2018: 34
reported. reported. 2019: 40
Retail buildings No breakdown was No breakdown was 2018: 31
reported. reported. 2019: 33
Total 100 97 2018: 65
(Including 2019: 73

condominiums)

Source: Authors, based on MPA’s reports submitted in August and December 2022.

6.3. Summary of Commercial Sector Final Outcome

Since the main objective of this survey is to establish EEls or EUIs for the commercial office and
retail building sectors, this section focuses on the outcome of the analysis and computation of
EUls. Table 2.21 summarises the results based on the analyses and calculations of EUls discussed
in sections 5.1 and 5.2.

Table 2.21. Summary of EUIs Estimated by MPA and ERIA Based on
the 2018-2019 Survey Data

Office buildings

EUI Computed from
Survey Data
(Normalised to
Average Operating

Hours Derived from
the Survey) by the
MPA

Box and Whisker
method:

2018: 224 kWh/m?/y
2019: 202 kWh/m?/y

X-Bar and R-Chart
method: 248
kWh/m?/y.

EUI Computed from
Survey Data
(Normalised to
Average Operating
Hours Derived from
the Survey) by ERIA

X-Bar and R-Chart
method: 275
kWh/m?/y

ERIA’s estimation
using the Box and
Whisker method was
246 kWh/m?/y
(Figure 2.16).

The difference
between MPA’s and
ERIA’s EUI
computations is due
to the determination
of outlier data. The
MPA included EUI
values < 100
kWh/m?/y, which are
considered
unrealistic.
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Retail buildings Box and Whisker X-Bar and R-Chart Similarly, the
method: method: 391 difference between

2 ’ ’
2018: 270 KWh/m?/y kWh/m?/y MPA’s anq ERI{-\ s EUI
computations is due

2019: 250 kWh/m?/y to the determination
X-Bar and R-Chart of outlier data. The
method: 266 MPA included EUI
kWh/m2/y. values < 100
kWh/m?2/y, which are
considered
unrealistic.

Source: Authors.

The Building and Construction Authority (BCA), Singapore, has published the Building Energy
Benchmarking Report annually since 2014. However, the program to implement improvements
in building energy efficiency began in Singapore in 2005 under the Green Mark certification
scheme. Given similar climatic conditions, it is appropriate to refer to Singapore’s EUI
benchmarking values of the same category of buildings. Since the Philippines’ EEC Law was
enacted in 2019, the EUIs derived from the survey in the Philippines should be compared with
the respective EUl benchmarking values of 2008 in Singapore when the drive to improve energy
efficiency in buildings was at the initial stage. The 2008 EUI for office buildings in Singapore was
267 kWh/m?/y. Similarly, the 2008 EUI for retail buildings in Singapore was 401 kWh/m?/y, (Figure
1.6).

Given the limitation of this survey due to the limited sample and the number of years and quality
of data, it is impossible to identify a single benchmarking value from the analyses of this set of
survey data in the commercial sector. Accordingly, a range of average EUIs derived from the
survey may be considered. Using the X-Bar and R-Chart methods, the MPA computed an average
EUl value of 248 kWh/m?/y. In comparison, ERIA estimated an average EUl value of 275 kWh/m?/y
for office buildings in the Philippines for 2018-2019. Using the Box and Whisker method, the MPA
estimated an average office building EUI value of 224 kWh/m?/y for 2018 and 202 kWh/m?/y for
2019. However, based on comparable data in Singapore and experiences in Malaysia, the range
of average EUI for the office buildings in the Philippines for 2018-2019 should be based on ERIA’s
estimation given in Table 2.18.

Similarly, MPA’s estimation of average EUI for retail buildings at an average EUI of 270 kWh/m?/y
for 2018 and 250 kWh/m?/y for 2019 seems low when compared with the corresponding
benchmarking value of 401 kWh/m?/y in Singapore, as shown in Figure 2.17 for 2008. The Box
and Whisker method used by the MPA is recognised as acceptable. However, due to the
differences in data validation, MPA’s computation of EUls for the retail buildings is unacceptable.
Therefore, the range of average EUI values for retail buildings in this survey should be based on
ERIA’s estimation (Table 2.18).

In summary, the range of average EUIs for office and retail buildings in the Philippines, based on
the foregoing analyses of 2018 and 2019 survey data, is recommended to be as follows:
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1)

2)

Office buildings:

a) Median EUl value: 275 kWh/m?/y

b) Range of average EUls: 213-336 kWh/m?/y
Retail buildings:

a) Median EUI value: 391 kWh/m?/y

b) Range of average EUls: 324-458 kWh/m?/y
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Chapter 3

Conclusion

The project aimed to conduct an energy consumption survey and prepare EEls for the industrial
and commercial sectors. Although this project collected energy consumption data for 2 years
(2018 and 2019) with a limited sample, a limited number of years of data, and constraints
encountered during the survey due to the pandemic situation, which hampered the process of
physical interaction and collection of data, the survey methodology, analyses, and development
of EEl have provided valuable lessons for the collection of relevant data, and establishment of EEI
and future benchmarking values when sufficient data and further in-depth indicators could be
derived.

Due to the limitations and difficulties faced during the survey, and the lack of quality data, the
estimates of average EUI data can be summarised as follows:

Commercial Sector

- Office building sector:
o Range of average EUls: 213-336 kWh/m?/y
o Median EUI: 275 kWh/m?/y

- Retail building sector:
o Range of average EUIs: 324-458 kWh/m?/y
o  Median EUI: 391 kWh/m?/y

Industrial Sector

- Cement sector average EUI: 3,097 MJ/MT/y
- Sugar sector average EUI: 42,058 MJ/MT/y
- Food sector average EUI: 3.14 MJ/kg

- Beverage sector average EUI: 0.61 MJ/litre

This project has provided some valuable lessons learned, such as the following:

1) This project has provided an opportunity to learn about the process and methodology of
energy consumption surveys and subsequent analyses and computations of average EUIs.

2) The efficiency and effectiveness of the energy consumption survey can be improved if the
awareness of stakeholders is enhanced in these areas:
a) Knowledge on compilation of relevant data for EEl establishment and monitoring.
b) The usefulness and benefits of EEls.

c) Trust and confidence in energy consumption survey.

3) Implementation of energy consumption survey for the establishment of EEl can be improved
in these areas:

a) Physical training on all aspects of energy consumption survey including dry runs, and
methodology on analysis and validation of data is necessary.
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b) Need to allocate time to review all preparatory work including energy consumption
survey formats.

c) Focused survey effort should be made to achieve the planned objectives, programs, and
targets.

d) Physical interviews and the collection of data are necessary.

Despite the difficulties brought about by the pandemic and the low acceptance and reluctance
on the part of respondents due to their lack of familiarity, understanding, and confidence in such
a survey exercise, the project has provided valuable experiences for everyone involved. However,
more important is that this project has provided valuable insights and helpful information on data
collection and computation of EUls. This project can hopefully lead to future efforts in
establishing and compiling more EUI data. The Singapore commercial building example has
shown that tracking of EUls for various categories of buildings can be used to track EUI trending
and quantify energy savings in various energy end-use sub-sectors. Albeit the outcome of this
project might not be ideal due to the said constraints, this project should not be detracted from
its significance because it has provided several lessons learned, and it has demonstrated the
methodology of energy consumption survey for the establishment of EUls in industry and
commercial sectors, including the dos and don’ts. Another significant outcome of compiling EUI
data is the establishment of benchmarking EEI value once a sufficient number of years of data
are collected. Benchmarking EEI values can drive the energy efficiency agenda for each sector
and sub-sector.
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Appendix A
Materials Submitted by PIEMPI in May 2022 and January 2023

14 Mary 2022

Project: Energy consumpfion survey of Indusitial factories in the Philippines
il Status R i

Deployment:

1. Deployment of emails from PIEMPI startied on May 2 after receiving the list of 100
companies (1# pricty] and 85 companies (249 priorty) from DOE.

Stafistics below is the result after 2 weeks of deployment (May 2- 13, 2022)

Five Brumerators/EnhE Consultants handled 20 companies each.

Industrial sulb-sectors were classified info:

-  Cement

- Sugar

- Food manufachuing

- Beverage manufaciunng

Arnficipating confidenfiality issues, PIEMPI sent out to all companies a
Confidentiality letter assuring them that the data from them shall be freated only
for the survey.

B

n

Inifial Survey Statistics:

Total Email No Responded | Survey Survey

number of | bounced | response | but not yet | sheet sheet

companies yet submitied | submitied | reviewed,

for review | final
Envmerator 1 | 23 4 3 4 7 5
Enuvmerator 2 | 18 4 8 4 2
Envmerator 3 | 19 4 8 4 2 1
Enumerator 4 | 20 3 10 7
Enumerator 5 | 19 3 7 8 1|
Total | 99 18 36 7 12 &

Percent of 18% 36% 277 12% 6%

total
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MNotes to the above table:
1. There was duplication of a company in the list, the reason why the total s only
g9
PIEMPI shall ask for 20 companies fo be replaced because of bounced email, no
contact. Also, there are only 20 companies that remain in the 2rd pricaty list that
are within the indusirial sub-sector.
Those emailed to companies, did not bounce but no response yet, Enumerators
rmade follow up by felephone/ mobile but cannct establish resporse due to:
- Mo contact numiser in the list
- Contact number indicated in the ist cannot be reached.
- Wrong number
- Person is not anymore connected with the company.
4. Those companies who have responded are asking for some time to submit due
for
- The representative needs to ask approval from their Top Management
- One was sfill on vacation and shall attend to it the week affer.
- Al least one company asked for a Mon-disclosure agreement which PIEMP
signed even after sending to them the PFIEMPI Confidentiality lefter.
5. Bakery companies monitor their diesel consumption as Liters instead of Kg. We
shall be using Diesel 1 iter =095 Kg.

=

Ca

Next steps:

1. PIEMPI shall atternpt to maoke contact with the companies with no response

through the company’s website or Facebook.

PIEMFI to coordinate with DOE for DOE fo send the DOE survey letter o the

addifional 20 addifional companies as replacement.

PIEMFI to confinue the survey until all companies who responded have

submifted the finalized survey sheet.

4. PIEMPI shall establish the sub-sector EUI's after the submission of the finalized
survey sheet.

=

[

Submi#ﬁd by:

- e r
e

Engr. Maricnel Peralta
Lead Consultant and PIEMPI] President
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ENERGY CONSUMFTION OF INDUSTRIAL FACTORIES IN THE PHILIPFIMES
Economic Research Institule for ASEAN and East Asia

.  EXECUTIVE SUMMARY:

The Economic Research Institute for ASEAN and East Asia s an international crganzation
based in ASEAN Secretariat JI Sisingomangargja 704, South Jakaria, Indonesia
established to underiake research and policy analyses of ASEAN Econormic Community,
promote wide economic integration and susiainable developrment in East Asia, and
contibute fo narowing the developrnent gaps in the region. To achisve these purposes,
sarme of ERIA's key activities are the conduct of joint research ond analysis, siraiegic
planning, and providing frparite forums for policyrnokers, researchers, and the
businessfoivil cormmmuntiy.

ERlA agreed fo engage ihe senvices of PIEMPI for the successful complstion of the
Research Project by providing its best experiise. opinion(s). advice[s), fimme to atend
meefings andfor discussions, as well as subrmitting reports or any other deliverable 1o ERLA
[the “Serdce”). The Service was performead in accordance with the parameiers agreed
by both Parties.

This report contains ihe cutcome of the survey conducted to obtain the profle of
energy usage by fhe following manufactuning seciors:

a. Cement factory
b. Sugar faciony

. Food faciory

d. Bewverage faciory

The focus of the sfudy & fo determine the energy use intensity (EUN) of the identified
marnufaciuring companies, conditions influencing their ensrgy use perfomancs, and
compare the metrics cbiained with similar local and infematficnal indusiries. The Energy
Efficiency Indicator (EB) for Indusinal Secior at Levsl 2 s the focal point of the study. This
is the Energy Use Infensiy [EUI) defined as the energy needed fo produce cne urnit of
physical output. For this survey, the 2018 and 2019 data were collected.

The computsd EUl for each company per industrial sector were analyzed and outlier
dafa were not included in the consolidated result, although they were furiher
evaluated for possitle reasons of deviafion idenfified as follows:

* The foctory has incomplete process (ex: bagging only in cement manufacturs);
* Lowcapaciy utilizaticn due fo the pandemic that reduced demand;
*  Orrgoing construction durng the year; and

* Differences in product and processes notable in ihe Food and Beverage sector
which revealed awide range of EUL

3]
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For the cerment industry, coal is the dominant fuel used followed by pet coke, fuel cll and
solid fuel. Meost of the energy is used for heating that converts row matenal info cement.

Im the sugar factores, bagasse is used as primary fuel o produce electricity and steam
for the heating process. Two [2) sugar centrals showed high EUI, possibly due o age, an
indication of low efficiency perfomance. Energy vsed in sugar cenirals are shared
praciically in fhe same magnifude for heating and mechanical processes.

The beverage sector exhibied a wide range of EUl wvalues brought about by the
differences in type of product requiring varying amount of ensrgy consumption. In terms
of fusl used, most planis use digsel, coal, blended fusl for process healing. Most ensrgy
is used for healing. cocling. and mechanical processes.

I the sarme way, the type of product in the Food Secior influences the amcount of ensrgy
consurmption resulfing to wide range of EUL Most plants use diesel, coal and LPG as fusl
in vaning disinbution percenfags depending on the processing of products.

Although a vaning rangs of EUl values were compuied for each industrial sector, thers
are some enferprises that exhibited promising result wherein their energy consumpiion
patterns can compete or at par with similar factories in the region.

The result of this survey will also serve as model for high energy consumers o assess their
performances in order 1o remain competiive in their venfures.

. BACKGROUND:

The Philippines has been marked with high economic growih in past 10 years and iis
energy dermand also increased by more than &% per annum, according fo ihe GDP
growth. The growth rate with biomaoss in 2010-2017 was 3.4% in term of TFEC (Total Anal
Energy Consurnption) but the growth rate without biomass marked 4.5% from 2010 1o
2017. The Philippines's energy oullook contained in the EAS [Eost Asia Surmii} Energy
Ouilook published by ERIA (Economic Research Insfitute for ASEAMN and East Asiq), states
that without any plan to control energy demand increase, TFEC wiihout biomass in 2050
will e 3.2 tirnes from 2017, Thus, the Phillippine-Department of Ensrgy [FDOE)] establishad
the Energy Efficiency and Corservafion Act in April 2017 toimplerment energy efficiency
and conservation activities descrbed in the Act. Consequently, the FDOErequested ERLA
1o suppor the promotion of energy efficiency and conservation in ihe Philippines.

. OBJECTIVES OF THE RESEARCH

This project is intended to support the Energy Utilzation and Management Bureau (ELMBE)
of the PDCE o prepare energy efficiency indicators (EE) that will focus on commercial
bwildings and industial factoriss throvgh capacity building of EUMB staff on the comect
preparation of EEl by:

[#]
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1. Conducting ensrgy corsumption survey of the industrial sector, covenng:

a. Cement faciory
b. Sugar factory

. Food factory

d. Beverage faciory

2. Using the data colected for the esiablishment Energy Efficiency Indicator (EEl} and
shares of energy consurnpiion by industrial processes.

V. METHODOLOGY

Energy efficiency indicator (EEl} was used as a fool to monifor and evaluate the energy
perfomnance of a production process as it indicates the ensrgy needed fo produoce 1
unit of production output. Hence, over time, the energy consumpiion trending can be
charied for useful comparison within the factory. With sufficient EEl data for the indusiry
sub sector, EB bench-marking can be established. The ensrgy perfomnance of a
production process can be cross-caompared with ihe industry benchmark value of he
same indusiry sub sector. The effors of Energy Eficiency measures can be evaluaied
and quantiied based on the factory's histoncal walues of EEL

The valuss of energy consurmption and preduction output need to be in consistent units
generdlly used by the industry.

1. FIEMPI organized the survey teamn for information and data gathering relevant in
determining the energy use characteristic of the idenifified companiss refered by
Departrent of Brergy.

2. The survey conductfed used a questionnaire that will acguire fhe following
inforrmarion:
Table 1: General information

Table 2: Energy consurmption data including fusls and electricity frorm utility
and onsite generafion and production ouiput data.
Table 3: Energy consurmption breakdowns for production processes.

Takle 4: Energy consumption breakdowns for products having different
rregsurerment units.

Contents of above Tables in Excel form shown in Appendix 5.
The survey form wos provided by ERLA.

3. Daoia obiained from companiesfrespondents and relevant information needed for
anahysis was computed by consultanis using the fomns in excel format from ERLA.

[s]
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Definiticn of EUl: Energy Use Infensity fhot measures how much enargy is nesded fo
produce one unlt of physical ouput.

EUl = Annual Total Energy Consumption J Annual Total Production Output

For this survey, the 2018 and 2019 dofawere collecied. The values of energy corsumption
and production output need fo be inconsistent units, such as kilograrms, tors, or liters for
each type of industry.

Energy consumption data collected was used to compute the percentags shares of
EnSrgy Usage.

Understanding Energy Eficiency Indicators

Energy Data Collected:

a

b.

. Diesel for standby genset power

Data [kg) = CV = thermal encergy [MJ)
Fuel cil
Data (kg or mad) = CV = themal energy (M)

. Matural gas

Data [kg) x Y = thermal energy [MJ)

. Fusl wood

Data [kg or tons) x OV = thermal energy [MJ)

. Bectricity

Data [KWh)] x 3.4 MJEWh = thermal energy (MJ)

Fuel Calorific Yalue (CV) used in determining themal energy.

Bitumincous coal -24 818 kg
Diesel - 42,800 klfkg
Fuesl cil - 42 800 kg
LPS - 47 700 ki
Motural gas - 36,081 kg
Fuel wood and wood waoste - 15,500 kJfkg

where:  CV = calonific value expressed in MJ S unit of fusl

Sources: Actual CV values o be obfained from fuel supply companies. APEC

Energy Statistics 2018
Table of Conversion from DOE between energy fypes [e.q. kWh to diesel,
fuel oil, biomass)

Expected Outcome of the Survey

1.

Main cutcome is the establishrment of EU for:

[6]

55




= Sugar factores

» Cement factories
* Food factories

* Beverage factories

2. Percentage shares of energy consumpefion for the production processes:

= Sieam
» Healing

* Drying

* Process cocling

* Production process

3. Level 2: Sub-sector ensrgy corsumption per unif of physical cuiput

DELIVERABLES

The following deliverable were documented for submission o ERLA:
1. Survey report

2. Bxcel file fo include the consolidated survey dota:
a. Computed EUl of surveyed companies per indusirial sechor.
b. Analysis of the outcome of infomnadion obtained.

3. Presentation Materials (Power Point) used at the working mesetings

4. Anancial report to include daily working sheet of lead corsultant, support staff
and enumerators, receipts of payment to enumerators.

The FIEMFI submitied consclidated reports andfor other writien and electronic/non-
electronic documents, in English languags. to ERIA as required in the TOR and/for
appendices. As provided in the agresement all reports, notes, drowings,
specifications, stafistics, plans, and ciher docurments as well as data compiled or
produced by the PIEMA while performing the Service shall b2 the sole and exclusive
property of ERLA.

7]
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V. AMALYSIS OF DATA GATHERED

ENERGY USE INTENSITY {MI/MT)

A. REPORT ON OUTCOME OF RESULTS

Imitial Report on Energy Use Infensity [ELI) of the Industrial Sectors: [Cament,
Jugar, Food, Beverage)

Indusirial sector EUls were analyzed according to values. Ouilier data were not
included in the EUl analysis, but further analyzed for possible reqsons of deviaiion
idenfified os follows:

The factory has incomplete process [ex: bagging cnly)
Low-capacity vilization due 1o the effect of pandamic
On-going construction during the year

The Food and Beverage sectorreveal a wide range of EUl due to
differences in product and processes.

Details are found in the accompanying summary tables excel sheets [See
Appendices).

B. CEMENT SECTOR

-

Table 1- Range of ENERGY USE INTENSITY of CEMEMT SECTOR

T il T

| YEAR OF STUDY | 2018 e
AVERAGE EUL, MI/MT 3095 3,208
MECHAN EUI AT 3118 3,075
Lowest Computed EUL MJ/MT 2,364 2,548
Highest Computed EUI MI/NT 3706 3,864

6,000.00
5,000.00
400000
300000
2,000.00
1,000.00

0uDD

Cement Factories-EUI

W 2015
W 2019
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Table 2 - DISTRIBUTION of ENERGY USAGE in CEMENT SECTOR

DISTRIBUTION OF ENERGY USAGE % of energy coninbution range
Coal 85%
Fuel il 14%
Pet coke 53%
Solid fuel 47
Bectriciy 14%
Cihers 4%-11%

Analysis of Bnergy Usage:
1. Coalis the fuel most offen used in all cernent factarnies
2. Coming in at second ik pef coke, usedin é out of 10 plants

3. The Zrd most used fuslis fual ol and solid fusl, both utilzed in 4 cut of 10
plonts

4. Bectricity accounts for 14% or less of energy usages.

Table 3 — DISTRIBUTION of TOTAL ENERGY IN PROHCESS in CEMENT SECTOR

PROCESS To EMERGY DHSTRIBUTION RANGE
Heafing 8% -97%
Mechanical process/eleciriciiy - 18%

Analysis on Distiibution of Total Energy:

1. Majority of energy in cement plants is used for heating (clinkerng process),
which corvers the raw materal into cement matenal.

This is shown albbove in the Distibution of Energy in Frocess.

2. Bleciicity for mecharnical processes account for as low as 3% up fo 18% of
the total energy used.

[5]
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C. SUGAR SECTOR

Table 4 — Bange of ENERGY USE INTENSITY of SUGAR SECTOR

YEARS OF STUDY 2018 2y
AVERAGE EUI, MJJMT 49,993 49 478
MEDIAN EUI, MI/MT 42 545 41,551
Lowest Computed EUI, MJ/MT 30,849 a5, 676
Highest Computed EUL MIMT 84,478 £0,837

Two sugar cenfrals revealed consistently high Ells, possibly dues fothe age of the
factores, a common state of this secteor in the Philippines.

In termns of fuel used, all factories use bagasse as fuel o produce eleciniciy and
steam for heafing process.

Digsal or bunker fusl wsage is very small compared o other fuek consumed.

In temns of energy used In process, all except one, reported an almost equal &
of energy used in heating and mechanical process {Takls 5).

SUGAR SECTOR - BV
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Table 5 — DISTRIBUTICON of TOTAL ENERGY IN PROC-CESS of SUGAR SECTCOR

TYPE OF PROCESS % Range of energy use
Heating 40% - 5&%
Mechanical 44% - 50

D. EBEVERAGE SECTOR

BEVERAGE COMPANIES

Table & — Range of ENERGY USE INTENSITY of BEVERAGE SECTOR

YEARS OF STUDY 2018 219
Avrerags EUL M fliter Q.54 0.66
Median EUI, M) /fTier 0.40 0.82
Lowest Compuied EUIL MfTiter oa 02
Highest Computed EUI, M/liter 1.74 1.55
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1. Type of product detemnines the rangs of EUI as follows:

Botiled waler 18- 044 MUfLiter
Softdrinks 047 -077  MJfLiter
Beer 1.0-104  MUjLiter
Energy drink 0B84-1.74 MJjLiter

Mixed bevand food  1.15-1.31  MJ/Liter This company EUlis mixed on
beverage and food
products

Soya based drink B4-842 MJ/lter The product entalls cooking
of soya beans before
making the beverage drink.

2. In terns of fusl used, most plants use dissel, coal, blended fuel for process
heatfing.
Company B3 fo BF plarnts mainly use diese] fusl, while B13 1o B24 plants use
blended fual (diesel and bunker).

Table 7 — DISTHEUTION of ENERGY USAGE in BEVERAGE SECTOR

TYPE OF FUEL % Range of energy use
Blectricity 25-85
Fuel 15-75

3. Imterms of process, most energy is used for heating, cooling and rmechanical
processes.

Table § — DISTRIBUTION of TOTAL ENERGY in FROCESS of BEVERAGE SECTOR

TYPE OF PROCESS % Range of energy use
Hedafing 15-74
Cooling/Mechanical 285-85

E. FOOD 3ECTOR

Table ¢ - Eonge of EMERGY USE INTENSITY of FOOD SECTOR

YEARS OF STUDY 2018 2019
Average EUIL MJfkg 294 3.50
Median EUL, MJfkg 3.18 3.0
Fange EUIl lowest, MJfkg 1.42 1.58
Fanges EUI highest, MJ/kg 425 574

[17]
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1. The type of product determines the range of EUL as follows:

Food snock[chips] 1.42-1.58 Mg

Bakery products 194-425 MMkg

Varied Products S44-574 Mg Flants producing a varnety
of products.

FOOD SECTOR - EUL
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2. Inferms of fuel used, most plants use dissel], coal and LPG.

Table 10 — STRIBUTION of EMERGY USAGE in FOOD SECTOR

| TYPE OF FUEL % Range of energy use 1|
Hectricity 20-72
Fuel 28 —-80

3. Interms of process. most ensrgy is used for heating and mechanical
proCesses.
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Table 11 — DISTRIBUTION of TOTAL ENERGY in PROCESS of FOOD SECTCOR

TYPE OF PROCESS % Ronge of energy use
Heating 27 —81
Mechanical 19 —73

Vil. CHALLENGES ENCOUNTERED

1

. PIEMA encountered Indifference of targefed respondent companies. Complete

with a formal letter from the Fhil. Dept. of Energy, a lot of respondent companiss
ignored PIEMPI's efforts of esfablishing connection by not replving fo emails,
answenng calls or blocking off emails. This created so much delay in completing
the survey project.

For the companies who submitted the survey sheet, some company daia were
unclear and cannot be reconciled. FIBMA efforts to furher clarfy the data
submitted encountered no response.

PIEMFL surveyed atoial of 185 compariss in 3 batches io be able to complats the
survey project. Thanks to the assisfance of the Phil. Dept of Energy and the
openness of ERlA fo encountered problems that this project was finalized.

. dome survey data submitied were urrelioble that they cannct be used for

compuiation and analysis of thelr energy use perfomance. Some dafa or
information are ercnecus, incomplete or inconsistent with what s expected with
the respondents’ nature of cperation.

. Mot all companies in the cement secior have the complete process of producing

cement from clinkerng to finished cement. A few companies underaks only a
stagefs of the process which hinders cor effort of reconciling the data f information
cbtained.

. The absence of compeling reason for respondent comparniss fo provids

information also deterred our effort fo collect needed data. We can only request
or fry to explore influencing methods or factors to convince them fo subrid, but
neverthelass rejection ciiing dota privacy ssues in soms coses prevenied
enumerators from pursuing the leads.

The historical summary of responses obtained from respondents and accurmulated
information is presented in the table below. The inifial st of companies confacted s

(14]
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shown in Appendx 10 and the final isting of companies with valid data included in

ihis report is shown in Appendices 1 fo 4.

HISTORICAL SUMMARY OF DATA COLLECTION

SECTOR TARGET NUMBER | COLLECTED DATA | COMPLETED DATA
CEMBNT 15 15 14
SUGAR 10 7 &
FOOD 35 14 g
BEVERAGES 40 P 25
CTHERS 2

TOTALS 100 &9 54
ACTIVITY HUMEER
Companies asigned and confacted by enumerators 185
Total Companies subrmitied data within the sectors L4
Submifted data excluded from source ouisids sectors 7
Subrmiited data excluded from analysis o]

NOTE:  Valid data from ssven (7) respondents [Appendix &) were obltained but
they were nof usad in the sfudy since fheir respective companiss did not
fall within the idantiied secfors. Data submitted by eight (8) companies
were also excivded by reason of deficient information that wil allow
logical anaiysis.

Vil SUMMARY and RECOMMENDATIONS

1.

A separate analysis provided by Mr. Leong of ERLA shows R-chart analysis for each
of the indusirial sector with data values within the occeptable range. [Ses
Appendix &).

As shared by Mr. Lecng of ERIA In the presentation on "Energy Consumption Survey
and EEl Preparaticn for Industrial Secior”, the Indonesian average for the sugar
sechor EUI = 38,500 MJSMI. The Philippine sugar companies come closely to this
level. Bosed on the resulls of the survey, the Dept. of BEnergy may establish a
Minirnum Energy Perforrmmancs (MEP] level for this industrial sector.

Again, as shared by Mr. Leong of ERIA, the infernational averags for the cement
sechor EUL= 3,300 to 4,000 MJUSMMT. Two of the Philippine cerment companies EUL are
within this range, while others are above the intemdaiional average possicly due to
the age of the factaries which were established so many years ago. The Dept. of
Energy may also establish an MEP for this sector fo encourage the companies
above the MEP to come up with programs to reduce their EUIL

[15]
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. The Food Sector in the Phlippines reveal awide range of EUl due to the vardations
of their processes and products produced [different snacks and bakery produocits,
efc ). It will be difficulf to establish an MEP for the Food sector based on the resulis
of the survey. It is possible to set an MEP per sub sector (bakery companiss, snack
food comparies, efc] but more industry data need to be esiablished. In the
meantime, we recommend setting a target of % EUIl reduciion over S years.

. Like the Food sector in the Philippines, the Beverage sector reveals a wide rangs
of EUl due to vanafions of processes and products {mineral water, soft drinks, soya
drirmks, efc). it will be difficult to establish an MEF for the beverage sector based on
fhe survey. It is also posible to set an MEP per sub sector [mineral water
companies, soft drink comparnies, efc) but more industry dota must be
established. In the meantime, we recommend sefting a target of % EUl reduction
CWEr 5 years.

. For a befter represeniaiion of energy corsurmption of identiied sectors, the
measurement of EUl must b2 reckoned also based on the nature of product or
processes.

. Based con FIEBMPl's experience in ossisfing companies esfablsh an Energy
Management Systermn based on 150 50001, it may be possible to set a farget
energy consumption reduction over & years as in the following example:

First year 3% energy consumplion reduction from previous year
Zecond year 2% energy consurmption reduciion from previous year
Third year 1% energy consumption reduciion from previous year
Fourth year 1% energy consurnption reduction from previous year
Fifth year 1% encergy consurnption reduciion from previous year

Total over & years = 8% energy consumpiion reduction from baseline yedar.

[1€]
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Appendix 1 — CONSOLIDATED ANALYSIS of the CEMENT

Company

Energy Use Intensity

Unit of

Type of fuel Used

Distribution of Energy Usage

Distrbution of Total Energy in Process

Category of

No. Conversion A Main Products . A Remarks
Name 2018 2019 Production aside from 2018 2019 2018 2019 production process
o Other Solid fuels: 41.91% |Petcoke: 41.23% Heating:' 96.71% Heating: 96.91%
Fuel Oil, Diesel, [Petcoke: 28.97% Coal: 31.05% Mechanical Process : Mechanical Process: 5.02% PROCESS:
: 5.02%
Coal, Rice Husk, [Coal: 18.94% Rice Hustlk: 10.45% 3.24% (Finishing Mill Clinkerizati
1 a 5,622.98 | 3,863.81 | My/MT MT Portland Cement | 0o M€ BUSK, | -oak 25587 ice ustt ° % (Finishing Mill (Finishing Mil) Heating 3) Clinkerization
Petcoke, Other Electricity: 5.63% Electricity: 8.53% Mechanical Process: Mechanical Process: 0.07% b) Finish Mill
solid fuels Rice Husk: 4.27% Other Solid Fuels: 8.39% [0.05% ) ) o SRR c) Dispatch
- N o o . . . (Packing/Dispatching)
Fuel Oil: 0.28% Fuel Oil: 0.35% (Packing/Dispatching)
PROCESS:
Coal: 88.73% Coal: 99.79% R terial ti
X . oa . ° ?a ) i NOTE: Reported total NOTE: Reported total energy Heating a) Raw mjd eria pre;?ara ‘on
2 c2 3,117.52 | 3,075.04 MJ/MT MT Portland Cement | Diesel Oil, Coal |[Electricity: 11.16% Diesel Oil: 0.20% R L b) Raw mill preparation
) . L energy usage only. usage only. (Clinkerization) 3 L
Diesel Oil: 0.10% Electricity: 0.01% c) Clinkerization
d) Finish Mill
Petcoke: 53.35% Heating: 91.269
Coal: 28.39% " Petcoke: 50.78% MachamicalP - Heating: 91.46% PROCESS:
Fuel Oil, Waste | 00" #5597 Coal: 30.47% echanical Frocess: eating: SL.46% " !
. . Electricity: 13.79% . 8.15% (Cement Mechanical Process: 7.92% . a) Raw material preparation
General Purpose 0il, Coal, Rice N Electricity: 14.23% ) X Heating . A
3 Cc3 2,364.59 | 2,548.36 MJ/MT MT Rice Husk: 2.01% N Production) (Cement Production) X . b) Raw mill preparation
Cement Husk, Petcoke, X Other Solid Fuels: 1.96% N . (Clinkerization) 3 .
. Other Solid Fuels: 1.82% . Mechanical Process: Mechanical Process: 0.62% c) Clinkerization
Other Solid Fuels ) Rice Husk: 1.59% K X ) . X
Fuel Oil: 0.59% Fuel Oil: 0.96% 0.59% (Packing/Dispatching) d) Finish Mill
Waste Oil: 0.05% Cn (Packing/Dispatching)
Coal: 43.77% Coal: 49.24% Heating: 95.46% Heating: 94.75%
Fuel Oil. Diesel Petcoke: 41.97% Petcoke: 33.05% (Clinker Production) (Clinker‘Prot.iuction) PROCESS:
General Purpose | Coal Ri(l:e Huskl Electricity: 8.55% Electricity: 9.18% Mechanical Process: Mechanical Process: 4.94% Heatin a) Raw material preparation
4 ca 3,048.44 | 2,889.80 MJ/MT MT P ! " |Other Solid Fuels: 2.23% |Other Solid Fuels: 6.12% |4.26% (Finishing Mill) s . SRR . g. . b) Raw mill preparation
Cement Petcoke, other . - . . (Finishing Mill) (Clinkerization) 3 .
. Fuel Oil: 1.65% Fuel Oil: 1.07% Mechanical Process: . c) Clinkerization
solid fuels N i ) Mechanical Process: 0.30% . i
Rice Husk: 1.34% Diesel Oil: 0.78% 0.28% . . . d) Finish Mill
) - X X ) N X ) ) (Packing/Dispatching)
Diesel Oil: 0.49% Rice Husk: 0.56% (Packing/Dispatching)
Coal: 80.68% Coal: 81.23%
: 80.68%
-, Electricity: 8.62%
Diesel, Fuel Oil Electricity: 9.64% Petcoke: 4.78% ’ Heating: Fuel 90.36% Crusher, Raw Mill No report for 2019. Year 2020
! " |AFR: 4.26% R Heating: Fuel 90.48% Others: | ! o was taken instead.
5 Cc5 3,231.42 | 3,542.92 MJ/MT MT Cement Coal, Rice Husk, AFR: 4.02% Others: Mechanical . Kiln, Cement Mill, . . .
Petcoke: 3.56% X Mechanical Processes 9.52% X Diesel used in cement mill not
AFR, Petcoke Fuel oil: 1.85% Diesel: 0.89% Processes 9.64% Dispatch Kiln
CeER Fuel oil: 0.41% i
Rice Husk: 0.04%
Coal: 78.99%
A‘;: ool Coal: 70.80%
i o. 0
AFR: 8.66%
Diesel, Fuel Oil, |Electricity: 7.67%
UI::Zb';Jioa:l R'i; I:Imsl:/' 2 SG‘Vﬂ Petcoke: 8.64% Heating: Fuel 92.33% Heating: Fuel 91.86% Others: Crusher, Raw Mill, Process starts at kiln - calcinin,
6 c6 3,706.85 | 3,271.71| MI/MT MT Cement ” v od, | FIee hUSK: 2557 Electricity 8.14% Others: Mechanical 61 TUET SLEHH DHNEIS: Kiln, Cement Mill > ! ining
Rice Husk, AFR, [Petcoke: 2.40% Rice husk: 3.62% Processes 7.67% Mechanical Processes 8.14% Dispatch up to dispatch.
Petcoke Diesel oil: 0.06% ce husic: 5.527% o P
Fuel ol 606‘7 Fuel oil: 0.08%
Waste oil- 0 0; o Waste oil: 0.06%
2 0. 0
Sub-bituminous Coal: All fuel are consumed for
Sub-bitumin Coal {79.09% Lo heating operation.
BFO Electric: 11.23% Heating: 88.77%
7 c7 3,593 NO OPN M)/ MT MT Cement X NO OPERATION Others: Mechanical NO OPERATION Heating
Waste Oil BFO: 1.88% Other aspects of manufacture

Other Solid Fuel

Waste Oil: 0.01%
Other Solid: 7.79%

Process 11.23%

use electrical power from
external source.

66




Appendix 1 [Continuation] — CONSOLIDATED ANALYSIS of the CEMENT

No Company | Energy Use Intensity Conversion Unit of Main Products Type of fuel Used Distribution of Energy Usage Distrbution of Total Energy in Process Category of Remarks
Name 2018 2019 Production aside from 2018 2019 2018 2019 production process
Coal: 64.37% Coal: 62.68%
i . o . 9
Portland & Blended Fuel Oil, Coal, E;::-h;;kzisl/l‘zgﬁ git:(t)\ki‘k-lézfzi"//n Heating: Fuel 90.30% Heating: Fuel 91.05% Others: Crusher, Raw Mill,
8 cs 3,479.18 | 3,809.95 | MI/MT MT Rice Husk, P AST% ce husic: ©.55% Others: Mechanical Ing: Fuel 91.95% " |Kiln, Cement Mill, |All fuel fed to kiln.
Cement Electricity: 9.70% Electricity: 8.95% o Mechanical Processes 8.95% .
Petcoke, AFR petcoke: 3.09% AFR: 6.09% Processes 9.70% Dispatch
Fuel oil: 1.10% Fuel oil: 1.20%
R o R 9
Coal Coal: 7,8'22A Coal: ‘84‘926 Heating (Clinker): 81.89% . , Uses fuel-fired genset to
" Fuel Oil: 13.8% Electric: 10.84% . . o Heating (Clinker): 88.42% . - e
Fuel Oil . o Heating (Finish): 0.52% N o Heating; Milling; produce electricity.
9 c9 2,664 2,884 MJ/ MT MT Cement Electric: 5.8% Fuel Oil: 2.98% . Heating (Finish): 0.28% L . . -
RDF Mechanical Process: . Electricity Generation |Purchased additional electricity
Alt Fuel: 1.40% RDF: 1.19% Mechanical Process: 11.3% .
Alt Fuel RDF: 0.78% Alt Fuel: 0.07% 17.59% requirement from local source.
: 0.78% uel: 0.07%
Coal: 71.77% Coal: 74.06% Uses fuel-fired genset to
Coal . . X produce electricity.
Fuel Ol Electric: 12.88% Electric: 13.62% Heating: 83.7% Heating: 85.79% Heating:
10 C10 2,648 2,964 MJ/ MT MT Cement RDF: 7.7 % RDF: 9.23% Mechanical Processes: g‘, IR .g., . e
RDF Fuel Oil: 4.92% Alt Fuel: 1.63% 16.3% Mechanical Process: 14.21% Electricity Generation |Auxiliaries refer to other
Alt Fuel T Ien s =7 machineries supporting
Alt Fuel: 2.73% Fuel Oil: 1.46%
manufacture.
65% - Electricty 63% - Electricty Drying - 35% Drying - 37%
-35% -37%
11 c11 238 228 MJ/MT MT C t Diesel, Fuel oil {31% - Diesel 37% - Diesel . . Dryi Finishing plant onl
/ emen esel, Fuetol 2% : Fujijil 0% ; Fu:soeil Mechanical Process - 65% |Mechanical Process - 63% rving fnishing plant only
b - b -
Diesel 16.64% Diesel 23.15% Mechaniccal Processes - GRINDING ONLY, diesel used
12 C12 195.76 194.87 MIJ/MT MT Cement Diesel ’ ! Mechaniccal Processes - 100% |MILLING !
/ Electricity 83.36% Electricity76.85% 100% ? for standby generator
Finished C t
w'r:'; efror:”;f:er PROCESS: Finished
8 X . o - o Electricity - 100% Electricity -100% Packaging of Finshed |cement from other Cement
13 C13 20.97 25.04 MJ/MT MT HOLCIM Plants is NONE Electricity - 100% Electricity - 100% . . . . . . .
tinto bag / (Packing/Dispatching) (Packing/Dispatching) Cement Plants are put into bag and
pup;:k(;g:sg packages
Mechanical P : Mechanical P : Electricit
14 c14 0.031 | 0.043 MI/PC PCS Cement Bags NONE Electricity 100% Electricity 100% echanical Process echanical Frocess: Hectridly | sewing BAG MAKING ONLY

Electricity 100%

100%

(ii]
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Appendix 2 — CONSOLIDATED ANALYSIS of the SUGAR

Company Energy Use . Unit of Main Type of fuel Distribution of Energy Usage Distribution of total energy in process
No. Conversion . . Remarks
Name 2018 2019 Production Products |Used aside from 2018 2019 2018 2019
Bagasse Bagasee: 99.91% Bagasee: Heating:. 56% Heating:. 56% Steam used to N
1 S1 41,099 | 40,170 M)/ MT LKG Raw Sugar Diesel Electricitv: 0.09 99.89% Mechanical Process: |Mechanical Process:|generate electricity
Vi Electricity: 0.11 [44% 44% and process.
Bagasse and diesel
dt t
Diesel. Bagasse, |Bagasse: 99.8% Bagasse: 99.7% Heating: 48% Heating: 44% :Is:ctri(c)i’fenera :
2 S2 65,283 | 63,300 MJ / MT MT Raw Sugar ’ g. ! -g P 72E 'g " 72" IMechanical Process: |Mechanical Process: V- .
Wood Chips |Diesel: 0.2% Diesel: 0.3% Purchased electricity
52% 56% ) .
used in office and
auxilliary services.
Heating: 52% Heating: 40% Sroe::eterlng for other
3 S3 34,200 | 33,955 MJ/MT LKG Raw Sugar | Diesel, Bagasse |Baggase: 100% Baggase: 100% [Mechanical Process: [Mechanical Process: L
Electricity is sourced
48% 60%
from bagasse.
Heating: 55% Heating: 50%
4 sS4 30,869 | 35,676 MJ/MT LKG Raw Sugar Bagasse Baggase: 100% Baggase: 100% [Mechanical Process: [Mechanical Process:
45% 50%
Ravs{ Sugar Plant only has main |Plant only has main
Special Raw . . .
5 55 84,478 | 80,837 | M/ MT MT Sugar | Diesel, Bagasse |Baggase: 100% Baggase: 100% |MC cr - metering. Steam Generation
! ’ ! ’ ’ No breakdown of No breakdown of and Heating
Muscovado . .
energy in processes. |energy in processes.
Sugar
Raw Sugar Diesel Fuel Oil |Electricity: 3.99% Electricity: Heating: 96.19% Heating: 96.19%
6 S6 44,031 | 42,932 MJ/MT LKG & ! Y209 13 81% Mechanical Mechanical Process:

Refined Sugar

(bunker) Bagasse

Baggase: 96.01

Baggase: 96.19

Processes: 3.81%

3.81%

fiii]
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Appendix 3 — CONSOLIDATED ANALYSIS of the FOOD SECTOR

Company Energy Use . Unit of Main Type of fuel Distribution of Energy Usage Distribution of total energy in process
No. Conversion X i Remarks
Name 2018 2019 Production Products |Used aside from 2018 2019 2018 2019
Bagasse Bagasee: 99.91% Bagasee: Heating:. 56% Heating:.56% Steam used to -
1 S1 41,099 | 40,170 M) / MT LKG Raw Sugar Diesel Electricitv: 0.09 99.89% Mechanical Process: |Mechanical Process:|generate electricity
vo Electricity: 0.11 |44% 44% and process.
Bagasse and diesel
dt t
Diesel. Bagasse, |Bagasse: 99.8% Bagasse: 99.7% Heating: 48% Heating: 44% :IS:ctri(c)ifenera )
2 S2 65,283 | 63,300 M) / MT MT Raw Sugar ’ g. ! _g IO 'g " 72" IMechanical Process: |Mechanical Process: y. o
Wood Chips |Diesel: 0.2% Diesel: 0.3% Purchased electricity
52% 56% . .
used in office and
auxilliary services.
N tering for oth
Heating: 52% Heating: 40% O Metening tor other
reas.
3 S3 34,200 | 33,955 MJ/MT LKG Raw Sugar | Diesel, Bagasse |Baggase: 100% Baggase: 100% |Mechanical Process: |Mechanical Process: @ eas_ o
Electricity is sourced
48% 60%
from bagasse.
Heating: 55% Heating: 50%
4 sS4 30,869 | 35,676 MJ/MT LKG Raw Sugar Bagasse Baggase: 100% Baggase: 100% |Mechanical Process: |Mechanical Process:
45% 50%
Raw S . .
aw_ ugar Plant only has main [Plant only has main
Special Raw . . .
5 S5 84,478 | 80,837 M)/ MT MT Sugar Diesel, Bagasse |Baggase: 100% Baggase: 100% metering. metering. Steam Generation
! ’ 8 » BB ggase: ggase: No breakdown of No breakdown of  |and Heating
Muscovado . .
energy in processes. |energy in processes.
Sugar
Raw S Diesel Fuel Oil |Electricity: 3.99% Electricity: Heating: 96.19% Heating: 96.19%
6 s6 44,031 | 42,932 |  My/MT LKG awsugar | Diesel, Fuel DIl Elecinialy: 5.99% 13 g19% Mechanical Mechanical Process:

Refined Sugar

(bunker) Bagasse

Baggase: 96.01

Baggase: 96.19

Processes: 3.81%

3.81%

[iv]
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Appendix 4 — CONSOLIDATED ANALAYSIS of the BEVERAGE

Company

Energy Use

Unit of

Distribution of Energy Usage

Distribution of total energy in

No. Unit of Measure Main Products Remarks
Name 2018 2019 Production 2018 2019 2018 2019
Electricity: 85% |Electricity: 84% | ccranca Mechanical
1 B1 018 | 02 MJ/liter Bottled Water liter | e |ipe: 1ea . |Process: 85% |Process: 84.6%
’ ? ’ v Heating: 15% Heating: 16.4%
Electricity: 56% .
Bituminous Coal: Heating: 77.8% No data for 2018 due
2 B2 NO OPN| 0.44 MJ/liter Bottled Water) liter NO OPERATION " | NO OPERATION |Mechanical .
39% or. . 27.8% to non operation
Fuel Oil: 5% ocess: £7.67%
Carbonated non-alcoholic
drinks. Flavored products of Diesel: 54% Diesel: 52% Heating: 54.4% |Heating: 51.7%
. 0 . 0
3 B3 0.39 0.4 MJ/lit Coke, R | d Sprite. lit Cooling P : |Cooling P :
/liter oke, oya , a.n prite iter Electricity: 46% |Electricity: 48% 00 ;ng rocess fole] (l)ng rocess
Packaging sizes are 45.6% 48.3%
237ml, 355ml, and 750ml.
EUl is higher
d to oth
Rice hull: 98% [Rice hull: 94% Steam: 100% Steam: 100% Ezgp:ja Tafmtse;ue
4 B4 0.85 0.76 MJ/liter Carbonated beverages liter o ° o ° For electricty and |For electricty and X .p
Fuel Oil: 2% Fuel Oil: 6% . . to electricity
process heating. |process heating. . L
generation using rice
hull as fuel.
Heating: 50% Heating: 51%
5 B5 032 | 0.42 MJ/liter Carbonated Drinks and jrr [Piesel: SO% Diesel: 1% | AR | coling Process:
: : Distilled Water Electricity: 50% |Electricity: 49% e ' & '
50% 49%
6 B6 037 | 037 M/ liter Non-alcoholic liter  |Diesel 52% |Diesel: 53% &Zitr:r;ilcills/ ;Zactrlnr;iczl“/
’ ’ Beverages(softdrinks) Electricity: 48% |Electricity: 47%
Process: 48.4% |Process: 46.6%
Electricity: 56% |Electricity: 50% Cooling Process: |Cooling Process:
. (] . (]
. . . o o
7 B7 0.37 0.38 MIJ/liter Carbonated Softdrinks liter Diesel: 44% Diesel: 50% 55.84: 50.4@
Heating: 44.2% |Heating: 49.9%

70




Appendix 4 [Continuation] — CONSOLIDATED ANALAYSIS of the BEVERAGE

E it of Distributi fE Distributi f 0 -
No. Company nergy Use Unit of Measure Main Products Unit o. istribution of Energy Usage istribution of total energy in Remarks
Name 2018 2019 Production 2018 2019 2018 2019
Coal: 67% Coal: 64% Heating: 67.8% |Heating: 65.5%
8 B8 0.89 0.84 MJ/liter Energy drink liter Electricity: 32% |Electricity: 34% |Cooling Process: [Cooling Process:
Fuel Oil: 1% Fuel Oil: 2% 32.2% 33.5%
Process Cooling: [Process Cooling: This plant uses
9 B9 0.59 0.45 MJ/liter Carbonated drinks liter Electricity: 100%|Electricity: 100% ’ * |electricity only for
100% 100% .
process cooling
Steam generation for
Heating, Process
Coal: 61% Coal: 70% Heating: 68.9% |Heating: 71.5% cooling, Water
. . . Electricty: 16% |Electricty: 16% L Lo treatment, Low
10 B10 1.74 1.55 MJ/liter Cobra Energy Drink liter . . Mechanical Mechanical
Diesel: 15% Diesel: 12% Process: 31.1%  |Process: 28.5% Pressure Compressed
Bunker Oil: 8% [Bunker Oil: 2% CER - 2527 |Air, Bottling Line,
Waste water
treatment
Bunker Fuel Oil: |Bunker Fuel Oil: |[Heating: 74.4% |Heating: 74.6%
11 B11 1.00 1.04 MJ/liter Beer Beverages liter 74% 75% Process Cooling: [Process Cooling:
Electricity: 26% |Electricity: 25% |25.6% 25.4%
. . Heating: 72% Heating: 71.8%
D I: 729 D I: 729
12 B12 131 1.15 MJ/liter beveragtle(s an:]::andr;ed & liter Elleste' it -/Ozgty Elleste. it -/028°V Mechanical Mechanical
packaged 1oo ectncity: o [Flectnatty: " |Process: 28% Process: 28.2%
Blended fuel : .
ggi;de‘j fuel: |ogo, Heating: 68%  |Heating: 60% ileai:‘] s f:gdisfzrse )
13 B13 0.56 0.66 MJ/liter Beverage (Softdrinks) liter ? n o, |Electricity: 36% |Process cooling: [Process cooling: &
Electricity: 24% Diesel: 4% 32% 40% to pre-heat/start-up
Diesel: 8% LPG: .1‘7 the boiler.
. (]
Blended Fuel: . .
Blended fuel: 65% Heating: 61% Heating: 65% Steam is used for
14 B14 0.62 0.70 MJ/liter Beverage (Softdrinks) liter 62% o Process cooling: |Process cooling: )
Electricity: 34% heating,
Electricity: 38% | _. 39% 35%
Diesel: 1%
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Appendix 4 [Continuation] — CONSOLIDATED ANALAYSIS of the BEVERAGE

Company Energy Use . X Unit of Distribution of Energy Usage Distribution of total energy in
No. Unit of Measure Main Products Remarks
Name 2018 2019 Production 2018 2019 2018 2019
Bl I: i f
G;;ded fue Blended fuel: Heating: 70% Heating: 72% f:airi: s IiJFfGedls CL)Jrsed
15 B15 0.60 0.65 MJ/liter Beverage (Softdrinks) liter c 72% Process cooling: [Process cooling: &
Electricity: 30% Electricity: 28%  |30% 28% to pre-heat/start-up
Diesel: 1% ' ’ ° ° the boiler.
Blended fuel: Blended fuel: Heating: 66% Heating: 69% .
. . . . . Steam is used for
16 B16 0.55 0.60 Ml/liter Beverage (Softdrinks) liter 66% 69% Process cooling: [Process cooling: heatin
Electricity: 34% |Electricity: 31% |34% 31% &
t i f
Blended fuel: : . S eam is used for
Blended fuel: 58% Heating: 62% Heating: 58% heating.
17 B17 0.64 0.61 Ml/liter Beverage (Softdrinks) liter 62% Eleztricity' 40% Process Cooling: [Process cooling: |LPG is used to pre-
. 0
ity 0, 0, ) _
Electricity: 36% Diesel: 2% 38% 42% Ez.a::/rstart up the
iler.
Purchased Purchased steam:
t 1 609 659 St i d f
ISEIZ:'::icit -Azsty Ele/ztricit . g5y |Hedting: 74% - jHeating: 75% heeaimlsijpsg iscL)Jrsed
18 B18 0.64 0.58 MJ/liter Beverage (Softdrinks) liter V: ? ¥: ”  |Process Cooling: |Process Cooling: &
Blended fuel: Blended fuel: 26% 25% to pre-heat/start-up
('] (']
13% 9.8% the boiler.
Diesel: 1% Diesel: 0.2%
Bl fuel: Bl fuel:
67i/nded ue 6;/”ded ue Heating: 67% Heating: 67% Steam is used for
19 B19 0.75 0.76 MJ/liter Beverage (Softdrinks) liter C C Process cooling: [Process cooling: .
Electricity: 32% |Electricity: 31% o o heating,
Diesel: 1% Diesel: 2% 33% 33%
Purchased Blended fuel:
steam: 47% 56% ) .
Blended fueol' Eleztricity' 26% Heating: 73% Heating: 73% Steam is used for
20 B20 0.65 0.64 MJ/liter Beverage (Softdrinks) liter ’ ) Process cooling: [Process cooling: )
25% Purchased steam: 27% 27% heating,
(] (]
Electricity: 25% |17%
Diesel: 3% Diesel: 1%
Blended fuel: . . .
65% Blended fuel: Heating: 65% Heating: 62% In 2019, the plant did
21 B21 0.61 0.77 MJ/liter Beverage (Softdrinks) liter Eleztrici . 33% 62% Process cooling: |Process cooling: |not use diesel and
Dicsel tz‘()/ ° |Electricity: 38% [35% 38% LPG.
B (]
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Appendix 4 [Continuation] — CONSOLIDATED ANALAYSIS of the BEVERAGE

No Company Energy Use Unit of Measure Main Products Unit of Distribution of Energy Usage Distribution of total energy in Remarks
’ Name 2018 2019 Production 2018 2019 2018 2019
Electricity: 52% [Electricity: 58% |[Process cooling: [Heating: 58% Steam is used for
22 B22 0.54 0.59 MJ/liter Beverage (Softdrinks) liter Blended fuel: Blended fuel: 52% Process cooling: heatin
48% 42% Heating: 48%  |42% :
Blended fuel: Blended fuel: . . Steam Is used for
62% 63% Heating: 62% Heating: 63% heating.
23 B23 0.49 0.62 MJ/liter Beverage (Softdrinks) liter " " Process cooling: |Process cooling: [LPG is used to pre-
Electricity: 29% |Electricity: 34% 38% 37% heat/start-up th
Diesel: 9% Diesel: 3% ° ° cat/start-up the
boiler
Blended fuel: Blended fuel:
5;; edtue 5;; edtue Heating: 57% Heating: 52% Steam is used for
24 B24 0.56 0.57 MlJ/liter Beverage (Softdrinks) liter ° . ° . Process cooling: |Process cooling: .
Electricity: 34% |Electricity: 27% o heating
. . 43% 48%
Diesel: 9% Diesel: 21%
Sov-based Beverage Bituminous coal: [Bituminous coal: [Heating: 40.9% [Heating: 47%
25 B25 8.44 8.42 MJ/liter v (Vitamilk) & liter 80% 83% Cooling Process: |Cooling Process:
Electricity: 20% [Electricity: 17% |59.1% 53%
[vi]
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Appendix 5 — OUTSIDE SECTOR

Energy Use Intensity Unit of Distribution of Energy Usage Distribution of total energy in process
No. |Company Name Unit of Measure| Main Products Production Remarks
2018 2019 Output 2018 2019 2018 2019
Metal Closure:
1 0s1 15.96 15.88 Caps or Kg Twist-Off Caps and Kg No data submitted.
PT Caps
Bagasse: 79% Bagasse: 76% Steam for Heating and
2 0s2 98,240 | 68,312 MJ/Kg Sugar Kg Bunker: 13% Wood: 16% NO DATA NO DATA : ea r(: ) “:at_' ia
Wood: 8% Bunker: 8% ower Generation.
Tl . 0, Tl . ()
3 0s3 356.76 358 MI/MT Cement v |Flectricity: 98% Electricity: 95% NO DATA NO DATA
Diesel: 2% Diesel: 5%
Coal: 81.57% Coal: 77.40% Steam: 97.67% Steam: 99.89%
4 0S4 30,796 25,660 MJ/MT Ethanol and Alcohol MT Spentwash: 16.09 Spentwash: 22.41 Electricity Generation: 2.24 Electricity Generation: 1.69%
Diesel: 2.33% Diesel: 1.81% Others: 0.10 Others: 0.11
5 0S5 51 42 MJ/MT Cooking Oil MT NO INFO AVAILABLE | NO INFO AVAILABLE NO INFO AVAILABLE NO INFO AVAILABLE
El icity: 70.84Y El icity: .70%
6 056 3,758,222 | 6,753,451 MI/MT Baked Food MT ectricity: 70.84% - |Electricity: 69.70% NO DATA NO DATA
LPG: 29.16% LPG: 30.3%
El icity: 71.68Y% El icity: 72.26%
7 057 No Data |14,665,805 MJ/MT  |Bread and Pastries MT ectricity: 71.68% - |Electricity: 72.26% Production: 100% Production: 100%

Diesel: 28.32%

Diesel: 27.74%

[vii]
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Appendix B
Materials Submitted by the MPA in May 2022 and January 2023

MPA Report submitted in May 2022

May 10, 2022

RIA

Economic Research Instibute
for ASEAN and East Asia

REPORT NO. 1

Energy Consumption Survey of Commercial Buildings in Manila

In support of Meralco Power Academy to Philippine Department of Energy {(DOE) and Energy Research
Institute for ASEAN and East Asia (ERIA) in their objective to have have a better understanding and
appreciation of the current energy efficiency performance situation, gaps and challenges, and energy
performance baseline as input or reference to the establishment of the performance standards and
energy efficiency indicators for commercial buildings definad as Energy Use Intensity or Building Energy
Intensity, MPA is pleased to present the progress and partial results of the activities related to the conduct
of energy survey of commercial buildings in Metro Manila.
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INITIAL COORDINATION REPORT

COMNTACT
* Number of companies in the DOE list received April 19, 2022: 100
+ Number of companies contacted by MPA: 100 {100%3)
o Follow-up emails were sent to all 100 companies on April 21, 2022
& Amended List with contact numbers and additional 100 companies was received on
April 22, 2022
& Additional companies invited to replace erroneous entries - 32

METHOD OF CONTACT (MPA) as of May &
* Email: 132 / 100 (32%: over the target)
= Successfully sent: originally planned for 100 respondents (100%)
# Responded: 79
& Noresponse yet: 22
& Calls made Telephone/Mabile Phone: 32
& Additional emails to contact after first email: 16

REPLACEMENTS
The list below are the companies that were included in the original DOE List but were replaced
by MPA due to several reasons

Companies Removed from Original List Reason for Replacement
1. PPC OME ESTATE CORPORATION f THE UPPER CLASS Emails Bounced
2. VFC Land Resources, Inc — Puregold Paso de Blas
3. M Corporate Plaza
4. CTPR.E.D. 1 CORP.
The Brilliance Center Mo Response
Circuit Makati Hotel Ventures, Inc.
Kroma Tower

THE IMT CONDOMINIUM CORPORATION

HSBC Centre

One Corporate Plaza Condominium Corporation
PMNE lulia Vargas Building

BG Morth Properties - AVIDA One Park Drive

. CW Marketing and Development Corp.

10. Cne Park Drive

11. RIM Merchandise Link, Inc

12. Bonifacio One Technology Tower

e A o
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MERALCO POWER
@A cademy

Cloverleaf Mall (Morth Eastern Commercial Corp.) Double Entry
Alveo Corporate Center

Makati Stock Exchange Building

UP Morth Property Holdings Inc PM2
UP North Property Holdings Inc.

UP Morth Property Holdings Inc. PM1
Glarietta 5 BPO

Glorietta Corporate Center 1
Glorietta Corporate Center 2

10. MDC Corporate Center

11. AERIT INC./Solaris One

Psmin e wh

1. Vertis Morth Estate Mot considered as
2. Makati Central Estate Assocdiation, Inc. buildings

3. Circuit Makati Estate

4. Ayala Center Estate Association, Inc.

1. World Commerce Place Building Administration, Inc. Building under

construction

D. COMPLETION
Number of companies Confirmed: 79

+ Mo, of companies with 100% Completion: 18 [23%)]
o Alliance Global Tower Building Administration Inc.
Alveo Land Carp. f Alveo Corporate Center
Ayala Land Inc - Makati Stock Exchange
Ayala Malls Marikina (Anvo Commercial Corp)
Circuit Corporate Center 1
Circuit Corporate Center 2
Circuit Mall (Makati Cormerstone Leasing Corp.)
Cloverleaf Mall (North Eastern Commercial Corp.)
Ecommerce Plaza Building Administration Inc.
Fairview Terraces - Morth Ventures Commerdial Corporation
First Gateway Real Estate Corporation
Glaorietta Complex - ACCI
Market! Market! (Station Square East Commercial Corporation)
Seda Hotel BGC (Bonifacio Hotel Ventures, Inc)
Sun Life Centre

O 0000000000000
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o Two Parkade
o Universal Re Condominium Corporation
o SouthPark Mall & Corporate Center

*  Number of companies with 50% Completion: 10 [13%]
Ascott Makati, Inc.

BHS Central C3 Expansion / EWOK (Fort Bonifacio Development Corporation
Bonifacio High 5treet East

Bonifadio Stopover 1

Deutsche Bank Group

NexGen Tower

One Bonifacio High Steet

Philippine Stock Exchange

Serendra Retail

50 Resources Inc. / Somerset Millennium Makati

[ T o T O T o O o Y

+ MNumber of Companies with less than 50% Completion: 51 (64%5)
E. IMSIGHTS

# Preparation of Master List and Communications
o Preparation and updating of the Master List could be improved in order to fast track
survey implementation. On Week 2 of roll-out, we are still catching up on getting
the right contacts.
¢ Need to update contact person, contact number prior to start of Survey
rollout
+ Cleanupfremoval of duplications — companies listed twice etc.
o Several companies claimed that they did not receive the email from DOE.

» Company/Respondent’s rece ptiveness, organization, and response:
o Most companies selected were knowledgeable on EEC law and practices and had
submitted annual reports. Data was available.
o Most companies were willing to contribute and participate in the survey.

+ [Data gathering and provision of information:

o Using the Survey Data Gathering Flow [Attached), we observed that the initial
interview is critical in getting Buy In to the project. Enumerators covered the
objectives, scope, contents and how to’s of the survey.

o Some companies like BPO, requested for an excel form as their company policy
restricted them from accessing external apps and websites. MPA provided the
survey in digital, PDF and excel format (See links)

« Data Validation
o Inthe attached Part 1, 2018 and 2019 Excel files, we have highlighted data which
are for validation by the enumerators with their respondents. Among them:
& GFAIis not equal to Building Footprint x Mo of Floors
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MERALCO POWER
'Z)A cademy

& Operating Days is only 1 or 1.5 days,/ week
# [ata for electricity and water consumption is only far half year

& (Other matters:
o We received requests for a Certificate of Participation.
o We received requests and issued Survey Consent and Confidentiality Forms.
{Attached)
o We received inguiries on the next steps after this survey.
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Survey Data Gathering Workflow

if respomndents
replied
positivehy,
enumerator
takes over,
create onfine
mesting and
send the pdf
part 1
questionnaine
via email

Conduct intenview
part 1: use fve
questionnaire in
real-time, show
soreen while filling-
up the form. After
the mterview, show
the form for review
before submitting

DOE identified
the commendial
establshments
and sent
introduction
email about the
SUNVEY

PMT assigned
Companies to
EMUITETItONs.

If unable to finish, dick
the save and ask the
respandent to
complete the form and
submit asap.

MPA sent intro
email to

If no response after
5 times of follow-

If no response,
enumerators follow-

up via email up to 5
times and find other
means to comnect

with the respondent.

See PPA

up, change the
respondent to back-
up company listed
in the list provided
by DOE.

Provide instructions for
part 2 of the
questisnnaire, that the
pdf version will be sent
immediately and sat

deadline of submission 1
week after the
interview. When ready,
they cn dick the link for
Respondent iy
5uhrr.ms part P
2. IT informs x |
sends the e [mid-seek and
respondent a oo o day before due
thank you,dosure the date).
email (with
passible next steps.
and promise of
consolidated
SUmmary].

If everything is in Enumerabor

order, enumerator

respondents
for submitting
and will get in
touch if
TEVISINMS are
needed. See

Enumerator to
respond to
issues of
respondent
5ee PPA
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TIMELINE & DELIVERABLES

PHASE 0: PREFPARATION & MOBILIZATION
Start of phase 0 is on April 4, upen receipt of signed-off contract of engagement from ERIA.

Deliverables Completion
Selection of Survey Software and IT Lead, Support March 21, 2022
Selection and Engagement of Enumeratars March 21, 2022
Received a signed-off contract of engagement April 4, 2022
Maobilized MPA Manpower Aprl 5, 2022
Project kick-off April 7, 2022
Trained Enumerators ready for data gathering ¢fo ERIA

Agreed Duration: 14 days
{Duration steted in the controct of engogement to complete all activities in the current phase)

Actual Duration: 3 days
{No. of daoys from day 1 until the actwe! completion of the last activity in the current phase)

Running Agreed vs. Actual Duration: 3 of 14 days

{Agreed vs. actusl no. of days from day 1 of Phase 0 until the completion of the last activity in the current
phase)

Running days from Day 1 (April 4): 3 of 105 days
{Actual number of days lapsed from start of Phase 0 up to the total duration of the contract of
engagement — 15 weeks or equivalent to 105 days)

PHASE 1: PRE-SURVEY PREPARATIONS
Start of phase 1is on April 12, upon receipt of the data gathering tools from ERLA.

Deliverables Completion
Finalized data gathering tools April 19, 2022

Note: initial data gathering toal pravided by Citra Endah | Note:

last April 12, 2022 was impraved by MPA ta make it Aprit 13 -17is
simpler and easier to understand by the respondent haly week
while retairing the integrity and completeness of the
required data.

Finzlized the working survey program April 21, 2022
Enumerator’s Training on Survey Instrument % MPA April 22,2022
Testing of survey instrument with pilot respondents April 23-25

Agreed Duration: 21 days
Actual Duration: 13 days

Running Agreed vs. Actual Duration: 16 of 35 days
Running days from day 1: 16 of 105 days
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PHASE 2: SURVEY PROPER & INITIAL VALIDATION

Start of phase 2 is on April 15, upon receipt of the list of companies for survey from DOE [List of
companies to be surveyed waos pravided by DOE c/fo fim Balunday on April 19 but with addition/revision
on April 22).

Deliverables Start Completion
Ongoing | Started contact with the respondents via call, April 22, 2022 Ongoing
email, letters, etc.
[Note: Some respondents

Ongoing | Oriented the respondents April 25, 2022 Ongoing

Ongoing | Filled-out of the survey by the respondents Aprl 27,2022 Ongoing

Ongoing | Validated data with the respendent April 30, 2022 Ongoing

DOngoing | Reviewed initial raw data in excel from survey April 30, 2022 Ongoing
program

Approved initial tables and results as basis for - -
FGD with DOE and/or ERIA

Agreed Duration: 42 davs

Actual Duration: 21 days (engeing)

Running Agreed vs. Actual Duration: 37 of 77 davs
Running days from day 1: 37 of 105 days

PHASE 3: COLLATION, AMALYSIS, AND FIMAL VALIDATION
Start of phase 3 is estimated on May 13, after initial presentation & validation of survey data with ERIA.

Deliverables Completion

Integrated final raw data in excel from survey program -
Approved final tables and results as basis for FGD with -
DOE andfor ERIA
Drafted study report and presentation to principals -
Submitted executive summary for Companies -
Agreed Duration: 63 days

Actual Duration: To be started

Running Agreed vs. Actual Duration: To be started

Running days from day 1: To be started

Prepared by:

- . oty i
. /-__._. [ . ‘__,' J -. e -
Engr.-fyiarc Lester P. Malibiran Engr. EL}-_fene F. Araullo
Heaq;'aF‘rngram Management Directar, Energy-Research & Program Development
Meralco Power Academy Meralco Power Academy
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Abbreviations

Im addition to the balow list, several single-use abbreviations and acronyms are alse defined
throughout the document text.

ASEAN
ASHRAE
AEECR
AEUR
BPO
CEA
CECO
CEM
cop
DOE
EE&C
ECCR
ELI
EUME
HWAC
HHW
MEPS
M EY
reralos
MEECHE
PSA
RTI
TESDA

Association of Southeast Asian Mations

smerican Society of Heating, Refrigerating and AC Engineering
annual Energy Efficiency and Conservation Report
annual Energy Utilization Report

Business Profess QUTsoUrcing

Certified Energy Auditors

Certified Conservation Officer

Certified Enerzy Manager

Conference of Parties

Philippines Departmeant of Energy

Energy Efficiency and Conservations Act of 2019
annual Energy Consumption and Conservation Report
anergy use intensity

{DOE Office of) Energy Utilization Manazement Bureau
heating, ventilation, air conditioning

High Heating value

kinimum Energy Performance Standards
measurement and verification

kanila Electric Company

Mational Energy Efficiency and Conservation Program
Philippine 5tatistics Authority

Recognized Training Institutions

Technical Education and skills Development authority
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Executive Summany

With the Department of Energy (DOE)} as its leading proponent, the Energy Consumption for
Commercial Establishmnents survey was conducted in support of the implementing guidelines of RA
11285,

The market survey intends to provide baseline data, determine the energy intensity performance for
office and retail in the commercial sector and recommend energy efficiency performance
indicatorsfaction plans to help DOE formulate and implement effective strategies for the industry.

An online survey was conducted to gather pertinent information on energy use from commercial
establishments, mainly in the National Capital Region (NCR). The list of companies from DOE yielded
57 respondents categorized into Retail, Office, and Condominium for 2018 and 2015

The initially completed calculations of the EUI for both office and retail had shown an extensive range
of EUI from as low as 50 to as high as 700 kWh/m2; furthermore, after several analyses and iterations,
we had seen no particular pattern when correlated with the building GFA, age, occupancy, hours of
cperation, energy consumption and even who are the owners of the facility.

Afrer normalizing the data for offices using the ASEAN benchmark practice {using 124 hours/week for
office buildings and 94 hours/week for retail buildings), the results indicated 3 range of EUI
performance of 2024 — 2698 kWh/sqgmfyear for office buildings in the Philippines. However, since
the data is normalized using a function, it is recommended to assume the EUI for offices at 245-261
kEWh/sgm/year with a range from 109.0-294.0 kWh/sqgmyear and a median value of 2238 for 2018
and 2024 kWh/sqmfyear in 2019,

For retzil establishments, 2 nermalized EUl had shown a range from 1451 to 364.0 KWh/sgm,year;
for this retail segment, it is recommended to assume the EUI at 237 kWh/sqmfyear for 2018 and 233
kEWh/sgm/year in 2019, with 2 median value of 269 8 in 2018 and 250.3 KWh/sqm/yearin 2019,

We recommend these normalized ranges for the office and retail establishments, given the early
stages in the emergy management adoption in the country in these market segments and other
previous findings identified in this report.

There is a need to understand the nature of the businesses' cperations to set acceptable or realistic
standards in the Philippine scenario. There should be an effort to gather as much literature and
infermation on these companies as to understand their energy use and issues.

A more thorough study should be done on specific factors that affect energy consumption and how
wie can improve the EUI data gathering and monitoring for commercial establishments, given our
survey experience with them, such as data quality issues, availability, and energy management
knowledge. This survey study details our findings, assessments, learnings, recommended policy
interventions and next steps in the succeeding sections of the report.
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1. Study Background

Objectives

Prior to the enactment of the Energy Efficiency and Conservation Law (RA 11285), energy consumption
by end wuse were limited and electricity consumption by commercial retail and offices in Metro Manila
wiare not broken down by end-use. There is limited evidence on Metre Manila's commmercial retail and
office spaces energy consumption data, types of fuel uzed, and other valuable information needed to
implement ensrgy efficiency measures. Energy baselining in the commercal sector must be
understood, hence, this survey is conducted from February to end of March 2022,

The primary goal of this study is to obtain comprehensive and reliable source of information that will
serve as a reasonable and defined starting point for comparison of Building Energy Intensity (BEI) for
commercial retail and office spaces. The survey results may be uszed to evaluate the effects of policy
interventions, and track progress of an improvement measures and programs to improve
sustainability through efficient use of energy. Specifically, the survey was designed to accomplish the
following:

1. Determine the energy consumption performance and profiles of 100 commercial
astablishments provided by the Department of Energy (DOE)

2. Establish performance standards and energy efficiency indicators for commercial
establishments, including:

a. Energy Use Intensity (EUI) in kWh/sqmfyear
b. Percentage share of electricity and other fuel use in retail and office spaces
. Median age of commercial establishments

3. Establish baseline data and statistics of energy consumption from commercial establishmments
for energy policy analysis and energy consum ption trends

4. Determine challenges and areas of energy efficiency improvement in commercial
establishments

The bazeline data used in benchmarking EUI in this survey was the ASEAN EUI standard as moted ina
United Mations report in 2020,

Project Team Responsibility

» Conduct energy surveys to a selection of 100 commercial establishments from the list of
companies provided by the DOE covering the years 2018-2015. Parameters to include:
o Types of energy utilized;
< Monthly and anmual electricity and water consumption;
O Gross Floor Area (GFA);
< Energy consumption for air-conditioning and lighting when available
# Provide the team including senior consultants, IT technical support and enumerators as
project members to ensure project completion in accordance to time and quality;
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# Develop the survey instruments based on provided samples and data requirements of ERIA,
DOE and the technical direction of MPA's energy experts;

# Provide and utilize established ICT tools to collect survey data and transfer the data to excel
file as a dataset;
Preduce and provide regular reports including raw data, preliminary graphs and charts;
Conduct validation, provide feedback and analysis; and

& Prepare 3 terminal report summarizing all items covered in the scope of emgagement.

Figure 1. Project Timeline
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There were adjustments towards the end of the project timetable which pushed back the submission

of this final report, including directions to make additional analysis based on the nomalized data of
the companies.

Limitations and challenzas

It is appropriate in this brief report to acknowledge some of the limitations and research challenges in
the information presented. Energy use and fuesl consumption estimates are bazed in part on self-
reported from survey respondents. It would have been preferable to estimate aggregated revenue
reports from actual ME&WY, and back up evidence-based derivations with further expert corroboration
to best represent the EUIl of Commercizl Buildings in Metro Manila.

It is also worth noting that the sample size are pre-determined list from the Department of Energy
{DIOE). The criteria for the sample size suggested that the list are few of the sample establishments
that hawe best available data. And dus to time constraints, it would be beneficial to utilize the list
instead of undergoing rigorous sampling.

It would be best to chase responses from building expert to have granular data wvisibility and
representation.
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2. Methodology

Pre-5Survey 5tage

A pool of educators, trainers, cperations professionals and experienced data gatherers and evaluators
who are proficient in English, Filipino as well as digital and work applications were identified and
selected.

All Team Members underwent several training sessions on the following: Energy Efficiency concepts,
standards and benchmarks, Philippine Energy Law and the use of the data gathering tools.

An Operations {OP) Manual containing important information was created as a reference for the

Team. The project team was also guided by the survey workflow that was developed for more efficient
data gathering.

Figure 2. Survey Gathering Workflow
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The DOE Designated Establishment [DE} list. The survey used a predetermined set of 100 companies
which were selected from the list of the Department of Energy [DOE) as its total population for the
survey. This list included companies that have previously submitted Energy Efficdiency Reports to DOE.
Likewise, there is a good balance between designated establishments type 1 and type 2.

The first list had 100 companies that were categorized into the following: Real Estate & Renting,
Multiple occupancy, Office, BPO, Malls and Hotels & Other Accommodations. Three main
classifications emerged: Retail, Offices and Hotel/Condo. The goal was to successfully survey and
achieve a sample size of least 30 companies in Retail and 30 in Offices. It was later dedded not to
proceed in analyzing hotels and condos due to the different parameters nesded and insufficient data
available for the survey.

This initial list contained the names of the companiss, addresses, names of point persons, and type
of energy used. However, they lacked the important contact numbers. The DOE addressed this by
sending the revised list with contact numbers on April 22, 2022 (Attachment B) . Challenges began to
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arise in the second week of data gathering. There were multiple emails that bounced. Dozens of
companies did not respond. Several contact persons have changed. A second list of additional
companies was then requested from the DOE. The second list provided 100 additional companies to
replace non-responses and duplicate entries in the first list.

In the process of going through the list, additicnal concerns were encountered such as incorrect point
persocns or centact details, double entries of buildings that are listed under different company names,
and commercial buildings which were not operaticnal in 2018 or 2015.

These issues led to the delay of engaging the survey particdipants and eventually pushed back the
timetable dedicated for the data gathering and validation parts of the survey. Of the 200 companies
in the DOE lists, MPA reached out to 185 [33%), 92 were successfully contacted and responded while
93 (47%) were removed or not considered due to the following reasons: Did Mot Respond (51), Decline
to Participate (13}, 22 Double Entries and 7 were Mot Qualified to take part in the survey.

An additional five (5} companies that were not part of the DOE list were added to augment the number
of respondents needed to achieve the proper sample size for the retail category. This brought the total
number of respondents to 97.

Plegse note that for purposes of wnderstanding the nature of the estoblishment’s operations and
onalyzirng the dato, this report contains informotion such s compony nomes, oddresses, contoct
persons etc

Survey Tool Design, Questionnaire Development and Implementation

The survey tocl was derived from the initial Excel file provided by ERLA which had been used in their
previous energy efficiency surveys. The ERIA Excel file had 4 parts: General Information, Energy
Consum ption, Air Conditioning System and Lighting Installations.

With the directions from DOE, ERIA and MPA, the team reviewed the ERIA Excel file and developed a
survey tool form with a link that could be directly sent to the respondents. The first draft was shown
to energy practitioners for feedback prior to deployment.

It was also decided to implement the survey through digital/online platforms. The country and Metro
Manila were still under changing COVID-1%9 restrictions, which made in-person implementation
difficult to carry cut at that time.

Finally, data for the years 2018 and 2019 were selected as the data frem the more recent years (2020
& 2021) were deemed not to be representative of the normal operations of commercial
establishments due to the pandemic.

The survey tool was designed to have four parts for better crganization of information and to allow
users to review, save, exit after each part, and retum to their saved work based on their availability.

Part 1 - The Introduction and General Information page

*  Introduction to the sureey, instructions and contact details of the primary and altemate
respondents of the company.

*  Building descriptions: Building footprint {in sgm), number of floors, age of building, Gross
Floor Area {GFA in sqm), operating hours, estimated occupancy rate and fields for
general descriptions of the establishments facility, operations and energy efficiency
initiatives.
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Part2 - The Types of Fusl Used

* Respondents were asked to input the annual and monthly electricity energy consumption
{kwh), consumption of other types of fuel such as water (liters), diesel (liters), LPG [kgs),
coal (kgs), renewable energy (KWh) and other sources, if any.

* QOpen-ended portions were provided in order to allow respondents to describe any
incident that may have resulted in irregular or unusual energy use during the period.

Part 2 - Air Conditioning Section

®#  The initial question asked was if the company had available data on their monthly and
annual energy consumption of their air conditioning system. Sources of data to come
from sub-metering and other recerding means available.

*  |fthis was not available, respondents were asked to identify which type of aircon systems
were inuse. Examples: centralized, VAV/VRF, split type, cthers.

*  For each type of aircon unit, they were asked on the floor areas (sgm) of various sections
of the buildings (puklic areas, restaurants, stores, offices, etc. as well as the COF of the
AJC system.

Part 4 — Lighting Section

*  First question in this section was if the commpany had data on monthly and annual energy
consumpticn of their lights

* If none, they were asked about the areas of various sections of the buildings (public
areas, restaurants, stores, offices, total floor area, etc.)

Additional versions of the survey tool were developed to accommodate respondents who had
difficulties accessing the form due to companmy policies and security firewalls.

# An Excelfile format where the respondent could accomplish offline. The Excel files were emailed
to the respondents and were sent back for inclusion in the main survey file.

# An Abridged Version of the survey composed only of Parts 1 and 2 was also developed in both
Excel and digital formats in order to address the setbacks experienced in gathering data for
Parts 3 and 4. This was created on June 2, 2022 as a strategy to draw back respondents to
participate.

Refer to Attachment A for links to the various versions of the survey form.

Data Gathering and Survey Process

The Survey Enumerators. Eight [8) enumerators were trained to engage the respondents and to
provide techmical support during the data gathering activities. They were tasked to contact the
respondents and provide guidance throughout the survey process.

The enumerators were provided with an operations manual that included the rationale and
background information on the project, general instructions, presentation materials, risk
management matrix and script that were used in their initial interviews with the respondents. They
also took care of sending the Consent and Confidentizlity forms to the respondents.
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Some strategies used in the initial engagements with respondent were:

# Group orientations were conducted for engineers and energy managers for companias J
buildings belonging to a conglomerate [example: Ayala Malls Inc. / Ayala Properties Inc.) with
the presence of a point person whao helped gather and give instructions to the different
building respondents.

& The enumerators started with an orientation and guided interview to provide the background
and rationzle of the survey, to make introductions between the enumerators and
respondents, to get basic understanding of the companies and their cperations and to

handhald the respondents on answering Part 1 and provide the directions in completing Parts
2-4.

The Respondents. There were 57 companies who participated in the project. Out of this, 90 completed
the survey while 3 gave partial responses and 4 provided data cutside of the requested 2018 f 2019
consumption. The data from these 7 companies were not included in the results, charts and graphs.

Izzues and Challenges in Data Gathering. The first major hurdle was establishing first contact with the
respondents due to the erroneows names, contact numbers and email addresses of point persons in
the twa sets of lists provided by the DOE. The second hurdle involved getting immediate responses
from thosze they were able to connect with. There were zlzo technical issues in the uze of the form
and access to the link. Respondents with wunstable internet connections took longer to finish and
upload their forms while those with strict data privacy set-up had to be sent the Excel format via email
wihich were then inputted in the main data file.

For example, two {2} enumerators had to contact 31 companies each in order to accomplish their
individuzl quotas of 13 respondents each.

Data Consolidation and Validation

Ewen though all these companies had previously submitted energy consumption reports to the DOE,
thers was & nesd to check on their responses in the survey forms. After the first set of data came in,
an initial validation of the results was done to check on the numbers and trends in energy consumption
and ELI.

The first stage of review focused on checking on the completeness of responses (all fields filled in,
verification of non-completion where companies are only operational for certain months) validation
of obvious errors in encoding etc.

The progress report meetings with ERIA and DOE also served as 2 good avenue for validation since
they provided feedback on the data and charts of the survey. The Project Team took note of ERIA's
and DOE's recommendations and were guided by their insights including:

& Instructions to foous on achieving a sample size of at least 30 companies each for both retail
and offices. MPA clarified that since DOE's list induded some condos and hotels, these
companies were included in the data gathering. Howewver, they were later dropped in the final
analysis.

& Suggestion to complete monthly and annual energy use by averaging and inputting figures for
the months with no operations.

& Feedback to review operating howurs, as it was noted that there were some exceedingly high
figures. This was validated with the respondents and corrected. However, some companies
like BPOs maintained their numbers at 168 hours/ week reflecting their 24-hour daily
operations.
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# DMr Artemic Habitan of DOE suggested nomnalizing operating hours by using the ASEAN
standard of 2000 hours per year.

& Recommendation to not include company names in presenting data during presentations to
protect the privacy of all respondents.

# Instruction to categorize the buildings according to function inm order to maintain the
consistency of data to be presented.

On the second stage of wvalidation by Week B, the graphs were still showing irmegularities from the
expected rates of EU for retail and office buildings. Enumerators went back to the respondents to
gather additional information. %ome common cbservations and findings we found from this
questioning are:

# Gross Floor Area varied greatly from the formula of Building Footprint times the number of
conditicned Floors, due to:

< Erroneous entry of number of floors - non-conditioned areas were included, non-
existent floors eg 13th floor etc.

o Companies have their own measurements for GFA based on floor plans.

2 Respondents found it difficult to segregate GFA for multi-use and multi-purpose
buildings.

2 Possible dubious sources of GFA - use of business permits. In the Philippines, the GFA
used in the business permits may be under-declared or not updated when there are
additional features built.

# Energy consumption, types of fuel, ccoupancy rates and operating hours were also reviewed
because they were key factors in determining EULL

Additional Sources of Validation. On top of gathering information from the respondents, the Froject
Team also referred to the following sources to countercheck infermation and understand the facility
better:

* Company websites;

# Annual reports and other secondary data sources;

# YouTube and other videos providing a wirtual tour or walk through of the building;
# Area Calculator Applications to determine Building Footprint;

® Skyscraper City, an online community of properties and people in the real estate development
industry, and

& Physical observation through site visits of some buildings.
® [Interviews with occupants of some of the buildings

Izzues and Challenges in Validation. The EUls of some buildings were found to be unusually high or
very low. The respondents of these buildings were asked to review, validate and/or clarify their GFAs,
their energy consumption rates per month and even their aircon and lighting sub-meter rates. Several
respondents were able to reply and provide updated information but some were no longer responsive
to the validation inguiries.
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Data Processing and Analysis

Ciata frem the respondents whe completed the survey were consclidated in an excel form and were
categorized into Retail, Office and Condo as well as by year (2018 & 2019). Outlier data were then
identified from the consclidated figures. This prompted the project team to wvalidate with the
respondents. Data cleaning, removing duplicate entries and validating com pleteness and accuracy of
submitted data were performed through coordination with the enumerators. Figure 3 summarizes
hiow the data are used in this study.

Figure 3. Data Process Flow

Data Source Method Results
Prelirminary Survey Resgonsa and Data
Ousstions Validations
Saoondary and Databasze and CH Basaline Energy
Follow-up Surcey Cafculations Use Daia

Ciata that are used to determine the baseline EUI indicators indudes: GFA, Diesel EWh equivalent,
Percent of Total Energy Used, LPG kWh equivalent, Percent of Total Energy Used (LPG), Total kWh
Consumption.

To convert fuel used in Liters to energy (in kW), the formula is used:

Diesel used (L)x HHV for fuels (39 &J for Diecel)
3.6M]

Diesel EWh equivalent =

To determine the Building EUI, the following formula is used:

EUI
T Reported Monchly Energy Consumption + Energy Equivalent of fuels used

Gross Floor Ares (m*)

To generalize the EUIl value for Office and Retail Spaces using statistical analysis, four assumptions
must ke met:

*  Assumption of Nermality, which means that the data have a normal distribution or at
least symmetrical.

*  Aszsumption of Homoscedasticity, which assumes that data from groups have the same
variance

*  Assumption of Linearity, which assumes that data hawve a linear relationship
*  Aszsumption of Independence, which assumes that data are independent

Howewear, in actual cases, data gathered from actual surveys are inherently nom-normal. There is
nothing inherently wrong with non-normal data, however, researchers needs to be aware of whether
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their variables follow normal or non-normal distributions since this influences how data will be
described and analyze.

Dealing with extreme walues and non-normal data can be best summarized with medians and
frequency distribution rather than mean and standard deviation. Analyzing continues data [t-test,
ANOWVA, linear regression) may also perform poorly in non-normal data but only if the sample size is
sonaller than 30.

There are strategies in dealing with non-normal data (Sainani, K.L.,, 2012 and Buthmann, A., 2018):
1. Identify and address reascns for non-normality
2. Use tools that de not require nermality (Kruskal-‘Wallis, Run Chart, Mood's median test)

For the benefit of this study, since the main objective is to generalize EUI for office and retail
establizhments, the best approach is to force the non-normal data to fit 2 normal curve wsing a
function.

Since one of the input when determining the EUI is the operating hours, it is logical to use this input
in establishing a function to normalize the dataset. This is also necessary since the survey results show
that the reported cperating hours hawve a varied value. In the interest of this study, the following
strategies were implemented and tested to produce the most realistic EUl value for commercial
astablizhments in Metro Manila:

*  Normalized Operating hours of 38.2 hours/week or 2000 hoursfyear as suggested by the
Department of Energy

*  Normalized Operating hours of 124 hours/week (6,888 hours/year] for Office Buildings
and 94 hoursfweek {4,888 hours/year) for Retail buildings using averaging the operating
hours from each building type.
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3. Results

Profile of Respondents

Majerity of the survey respondents are directly in charge of the respective fadlities. These were
Property Managersf Engineers, Facilities Manager / Engineer, Energy Manager, Engineering Director,
General Manager, Building Administrator f Engineer, ECO, Electrical Section Head, Safety Officer, Chief
Engineer, Engineering Supervizor; while there were 2 respondents who are Executive Assistant and
Engineering Coordinator.

Profile of Companies

The companies provided by the DOE were composed of retail establishments [malls), office buildings
[corporate offices, buildings with leased spaces for offices and BPOs] as well as residential
condominium buildings. Several properties are mixed use such as residential condominiums with
retail floors; malls with BPO offices and office buildings with retail shops. Majority of the companies
are located in the National Capital Region. Most of the malls, office buildings and condos in the list
belong to the Ayala group, where the assigned enumerators were able to coordinate easier due to a
single contact person per cluster.

The desiznated establishments use of commercial property in the PH commercial sector is varied,
multi-use, multi-purpose, multi-user, flexible and may all co-exist in the same building and even on
the same floor. This makes sectoral industry surveys challenging and complex which impact on
establishing their cptimal energy intensity.

Figure 4. Number of Respondent Companies {by Category)

- il
o

/::;.71'.:
4

I Retail = Office B Condo

Fizure 4 summarizes the number of companies who responded per category and per year. A multi-use
facility may have responded in one or more categories. A number of companies in the DOE list were
determined to be in the condominium or hotel category and were initially included in the data
gathering efforts. Howewver, the team felt that there is a need for a different set of parameters for this
category in order to generate more meaningful EUL. These companies were therefore not included in
the Energy Efficiency Data analysis and graphs.

Om Aircon and Lighting Data Attachment C summarizes percentage completion of the varicus parts of
the survey. Unfortunately, some companies interviewed had no available data on their monthly and
annual aircon and lighting energy consumpticn. Please refer to the table below for the actual number.
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Table 1. Companies with no annualf Meonthly aircon and Lighting Data

N Annual Mo Annual Mo Annual | No Annuzal
Type Total ACData | Lighting Data Total AC Data Lighti
Submitted ging Submitted LG
Data
Ratail 32 7 3 34 3 10
Office 33 16 20 ag 22 24
Condo 14 3 3 17 11 11

Energy Efficiency Survey Results

General Findings

The survey results [removing the extreme outliers) showed a wide range of EUl performance for
offices, retzil, and condo in the Philippines. These approximate the extreme ranges (from best and
worst) versus the EUl of other markets in mature economies like Singapore, Malaysia, Japan, Hong
Kong, and others.

After normalizing the data, the EUI average from different buildings are more convincing. There was
an effort to explore and analyze further some correlations or patterns wsing several drivers or
variables, as shown on the following graph, with the intent to find some reason or answers to the ELI
variations across these commerdal establishments; Attempts were also made to investigate
establishment sample clustering by end-uze or purpose to determine some patterns. The findings
show nie pattern or strong correlation between the building EU versus GFA, EWh total usage, age,
location, oocupancy rate, hours of cperation, and even the property owner. Hence, there was no
conclusive evidence to suggzest that there exists some direct correlation between these factors.

Bazed on the experience in the survey, client validations, and analysis, there were many factors
identified that may have affected the EUIl, such as data guality, competency of the property
managerfenargy practitioners on energy performance, the multi-use/purpose and functions of the
building, characteristics, features, age, design of buildings and behavior of the users.

Azsessmentfinsizhts about the Respondents

1. Some of the contact persons or the appointed Energy Managers and staff need to
strengthen their data collection and control the data quality as there are undocumented
building/ facilities/ energy paramaters.

2. The low and inconsistent data quality indicates the need for respondents to improve their
awareness and importance of the DE energy performance, energy baselining, use of energy
performance indicators, and benchmarking.

3. There are plenty of opportunities to improve energy management processes and systems in
these companies, as seen in the lack of reliable and available data on SEUs, energy balance,
baseline, and the respondents’ ability to present the information.

4. The use of commercial properties in the Philippines commercial sector (multi-use, multi-
purpeose, multi-user, and flexible) is a factor that affected establishing eptimal energy
intensity gathered from cur survey results and respondents’ validations where the project
foous is the office and retail categories only.
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Building Energy Utilization for Offices (2018 and 2019)

It can be inferred from the Box Plots (see Figure §) that Office Spaces in Metro Manila has a median
value of 177 8 kWh/sgm/yr. However, due to the non-normal distribution of the data set, the reported
building EU| was normalized using operating hours at 124 hoursfweek (6388 hrsfyear]. [t shows that
the median EUls for Office Spaces in 2018 was 2238 KWh,/sgm/the year 2018, However, there was an
improvement of 3.5% EUlin 2019 at 202_4 kWh/sqmfyear.

Figure 5. Spread of Numerical EUls for Office Spaces compared with non-normal data [2018)
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Figure 6. Spread of Mumerical EUls for Office Spaces compared with non-normal data [2019)
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EUls cam also be estimated wusing frequency distribution, wherein we take the mode value of EUls in
the distribution. However, this is only an estimation that Office Spaces EUN using this method would
suggest a value of 240 KWh/sgmyear in 2018 and 290 kWh/sqm/year in 2019.

Figure 7. Frequency Distribution of EUls for Office Buildings [2018)
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Figure B. Frequency Distribution of EUls for Office Buildings [2019)
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An altermative way to determine the EUIs will be to use control charts. With control charts we can
study how our EUI ob=servations changes ower time, in this case for 2018 and 20159, Figure 9 shows that
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the Center line for EUI observations in Office spaces is at 248 kWh/sqm/year, which also represents
the actual process average. This is approximately consistent with the value suggested by the box and
whisker method.

Figure 9. X-bar Chart for Office Normalized at 124 hoursfweesk EUls [2018-2019)
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It will be worth noting that determining the central tendency of EUI distribution will depend on the
type of data. It is usually inappropriate to use the mean in such situations where your data is skewed
{as zeen in Figure 10 and 11). ¥You would normally choose the median or mode, with the median usually
preferred. Since a multi-modal distribution can happen, as in the case of Figure 10, or a bi-modal
distribution can also happen, as seen in Figure 11_

Figure 10. Sample Skewed Distribution of EWIs for Office Buildings (2018}
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Figure 11. 5ample Multi-modal Distribution of EWUIs for Office Buildings [201E8)
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Building Energy Utilization for Retail Spaces (2018 and 2019

It can be inferred from the Box Plots (see Figures 12 and 13) that retail spaces in Metro Manila has a
median value of 250.7 KWh/sqmyr. However, due to the non-normal distribution of the data set, the

reported building EUIl was normalized using operating hours at 94 hoursfweek (4338 hrsfyear). It
shows that the median EUls for Retail Spaces in 2018 was 269 8 kWh/sgm/the year 2018, However,
there was an improvement of 7.2% EUI in 2019 at 250 .3 KWh,/sqgmfyear.

Figure 12. Spread of Mumerical EUls for Retail Spaces compared with non-mormal data (2013}
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Figure 12. Spread of Mumerical EUls for Retail Spaces compared with non-normal data (2019)
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It can also be observed that the EUI wsing frequency distribution would suggest a wvalue of 210
kW h/sgmy/iyear for retail building in 2018 and an EUI of 230-280 KWh//sqm/fyear in 2019, This is a classic
example that even when data forced to be nomalized, bi-modality and multi-modality can still occur.

Figure 14. Frequency Distribution of EUIs for Retail Buildings (2018)
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Figure 15. Frequency Distribution of EUls for Retail Buildings [2019)
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Using the control chart ¥-bar value, the retail Center line, which represents the actual process average
value is observed to be 266 KWhysqgm/year. This approximately on par with the value determined

using the box and whisker method.

Figure 14. X-bar Chart for Retail Normalized at 94 hoursf'week EUls (2018-2019)
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Building End-use Energy Utilization Profile

Retail buildings surveyed consumed mainly electricity, although a few large shopping malls also
utilized LPG, primarily in their food and beverage section, and diesel, as fuel for back- up generators.
Like offices, these buildings had different operating hours but averaged 24 hours weekly, which
corresponded to 4 888 hours annually. Therefore, total energy consumption was adjusted to reflect
the same operational hours of 4,888 hours per year to rationalise energy consumption for com parison
PUrposes.

Figure 14. Energy End-use for sach Building Type (2018-2013)
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It cam be seen from Figure 14 that “Other loads® take up an average of 72% of energy use for office
buildings, while itis 62% of energy use for retail buildings. Cooling solutions consumed the next ensrgy
use at 21% for office spaces, and 26% for retail spaces. While lishting loads has a discernible
consumption at 7% in office spaces, and 5% in retail spaces.

There can be an ambiguity of other loads having a substantial share of connected loads compared to
lighting and cooling solutions. Possible reason would be underreporting of district cooling and heating
for multi-use spaces which sometim es, the respondents categorize them as loads that does not belong
to either lighting or cooling. This is apparent for office buildings, howewer, the argument may hold
evident for retail spaces, where large shopping malls and retzil complex in the Philippines have high
concentration of eateries and restaurants.

Therefore, it would be best to explore this in future studies to evolve the findings of this study.
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4. Summary of Findings

The key findings from the commerdal energy consumption survey can be summarised as follows:

The average BEl values derived from the survey are summarised in Table 2. Because of the
limited number of survey samples, these BEl values were indicative baseline average values
only for conveptional buildings without energy efficiency measures. The BEI values for
conventional retail buildings, and offices were not conclusive and should be analysed further
using more samples and taking the study at a national level to best represent the EUI baseline
in the Philippines.

From the statistical analysiz performed in Section 3 of this report, normalizing EU by =
function using operating hours would be the best course to determine the EUI The summary
provided in Table 2, suggests that the EUI for Office Spaces in 2018 is 245 kWh/sgmyear and
261 kWh/sqm/year in 2019. For retail buildings, the EUl is approximately at 283 to 297
kWh/sgm fyear.

Different approaches to determine the expected EUIs were presented in this report, however,
it is recommended to determine the non-nomal and normalized EUIE using box and whisker
method to determine the EUIl distribution. S5ince the data presented are also normalized,
taking the mean {average value) can perform well in this situation.

Table 2. Summary of EUls for Commercial Establishments (2018-2019)

Building Average EUI Control EUI Ranges (KWhfsqmfyr}
Type [kWh fzqgm fyear] Chart CL Q1 Median a3
Office [2018) 245 348 1202 2238 250.0
Office (2019 261 109.0 2024 2540
Retail {2013) 297 26 1451 2608 364.0
Retail {2019) 283 1642 2503 354 8

Average BEl values by building type can help in monitoring national trends in building energy
efficiency. Figure 14 shows average EUI {or BEI) against years, illustrating the trend of ensrgy
performance of Singapore office buildings, hotels, retail buildings, and mixed developments
that have attained Greem Mark certification simce 2008, The EUIl of office buildings has
improved by 19% =since 2018, retail buildings by 8%, and mixed developments by 13%.

Figure 14. Average EUI Trend Breakdown for Commercial Buildings
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At the commencement of Energy Efficiency and Conservation Act (RA11235) in Philippines, it is
expected to hawve greater energy savings because of the Philippines after establishing the wvalues
reported in this study which shows that Retail and Office spaces in Metro Manila has comparable EUls
to Buildings in Singapore 149 years ago, as seen in Figure 13.

5. Recommendations

There iz a need for a further and more thorouzh study on spedfic factors that affect energy
consumption and how we can improve the EUl data gathering and monitoring for commercial
establishments, given our survey experience with them, such as data quality issues, availability, and
energy management knowledge.

Below are the recommended intersentions to address these gaps, provide a stronger foundation for
energy performance review and monitering, and as well as support the DOE's strategic plans for their
anergy management program:

1. Educate orTrain the Designated Establishments {DE) on proper data definition, gathering plan,
monitoring, recording, collection, and establishment of their energy performance
measurements, EUl, and energy baseline. This is 3 common weakness among designated
establishments as they tend to focus right away on projects or technology upgrades without
understanding the essentials of energy managemsnt.

2. Recognized Training Institutions [RTI) must reinforce training/education of CEM, CECO, and
CEA on the proper energy management framework, the importance of data quality, energy
performance amalysis, baselining and benchmarking. Proper reporting to ensure that we
capture the actual performance of the DEs as part of the annual reporting to DOE.

3. Designated establishments (DE)'s must include in their monitoring and reporting their energy
performance trend versus EUI baseline utilizing their current and past/historical performance
figures.

4. [esignated Establishments must provide support and incentives in developing CEM, CECO,
and CEA capabilities in designing their own Energy Management programs, goals, strategies,
and plans for improving their ELIL

5. Integrate crganization development and project management in energy programs, so Energy
Managers and Conservation Officers have a more holistic perspective on using energy in their
facilities.

6. DOE may alse include the assessment of the DE's energy mamagement performance and
accomplishments (e.g., adoption of the energy management system, presence of a baseline,
EUl, and performance trend) in the required regular energy audit report or annual energy
reports soonest to support the planned MEP and NZEB program in 2025. This is consistent
with the expected cbligations {integrate an energy management program) of the DEs as
stipulated in the implementing rules and regulations. The energy audit is not simply focusing
on specific technology issues/project opportunities but also the presence and effectiveness of
the energy management system, programs, processes, practices, organization, people, and
the DE's regulatory compliance.

7. Likewise, Energy Auditors, in conducting an energy audit, must also include the assessment of
the Des energy management program, presence of a baseline, EU], and perfermance trends,
among others, in the initial phase of the energy audit following best practices. This was also
identified in the OE"s department circular on the role of the Energy Auditor.
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DOE can consider using the abowve recommended initial EUl information in establishing the
industryfsector initial EUl or energy performance standard as the basis for inputs to the
planned MEP requirements in 2025 Commercial building EUI can further be dassified beyond
the office and retail (e.g., BFO, mixed-use, hospital, schools, data center, etc.) subject to the
availability of reliable data in the commercial sector for more focused application of energy
performance.

Feedback / Requests from respondents:

Thers was an expressed need for developing awareness and capacity building of businesses
(especially Energy managers).

Request to share results of the survey

Request for updates from DOE on the next steps.
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Appendices
Appendix A. Survey Links

PART 1
https:f{apspinoy.info/formfview php?id=40353

PART 2-4 [2018)

PART 2-4 [2019)
T . o

EXCEL SURVEY LINE
hitps://drive google comffile/d  1kSEFMNNEcRYECELv2 zotDZMyIB3IpHz'WO view fusp=sharin

Appendix B. List of Companies provided by DOE

https://drive google com/file/d ﬂllS BV 3lcoxaM YU DNHvz 3NtaSfrhwBe UEIE':'-IEW Fusp=sharing

Appendix C. List of Companies [According to Responses by Category)

hitps:/idrive.google.com/file/d 1KsulyIUEThEFSE-LidBpez3xNITdEehw  view ?usp=sharin

Appendix 0. Presentation Materiols

# FProject Team Presentations
https: ! /drive. zooele.comfdrive/folders/1vEmaAs-

DISSrnT47 Sy TMd2dEpjawkaSYusp=sharing

Appendix E: Project Resource Guide [Operations Manual]

hitps://drive.google.com/filefd 19 cu P 48 1wl 2 1-DpW0tGrHIa g 7XPE7 fview Pusp=sharing

Appendix F: Supplementary Survey Resultsy Analysis and Other Information

hitps:/fdocs.google. com/document,d/1jx5InLyOr-

GCPLEUEEIBTgROOI BdI}uUPxCPE-Su:irnEf_'edi't Jusp=sharing

l. Energy Efficiency Data using Building EUI for Commercial Offices {2018 and 2019)
A. Correlated with Total kWh Consumption [Sorted from highest to lowest - 2018 and
2013)

B. Correlated with Total Gross Floor Area (GFA) (Sorted from highest to lowest - 2018
and 2013)
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[1. Emergy Efficiency Data using Building EUI FOR Commercial Retail (2018 and 2019)

A. Correlated with Total kWh Consumption (Sorted from highest to lowest - 2018 and
2019)

B. Correlated with Total Gross Floor Area [GFA) (Sorted from highest to lowest - 2018
and 20193

Il. k'Wh Load Breakdown for Office and Retail {2013 and 2019
A. kWh Load Breakdown Office (2018 and 2019)

B. kWh Load Breakdown Retail {2018 and 2019)

I¥. Water Utilization {in Li] and Water Use Intensity {Li/m2] for Commercial Office and Retail
(2018 and 2019)

A. Water Utilization {in Li} Correlated with Water Use Intensity [Lifm2) for Commercial
Office (2018 and 2019)

B. Water Utilization {in Li} correlated with Water Use Intensity [Li/m2) for Commercial
Office -Sorted by EUI (2018 and 2013)

C.  Water Utilization {in Li] Correlated with Water Use Intensity [Lifm2) for Commercial
Retail (2018 and 2013)

D. Water Utilization {in Li} Correlated with Water Use Intensity (Lifm2)] for Commercial
Retail — Sorted by EUI {2018 and 2019)

V.  Monthly Energy Use (in K'Wh) for Commercial Office {2018 and 2013)

A.  Electricity Consumption {in kWh) for 2018 and 2019
B. Diesel Consumption (in Li] for 2018 and 2019

C. Water Consumption (in Li] for 2018 and 2019

Wl.  Monthly Energy Use (in kWh) for Commercial Retail (2018 and 2013)
A.  Electricity Consumption {in kWh) for 2018 and 2019
B. Diesel Consumption (in Li] for 2018 and 2019
C. Water Consumpption (in Li] for 2013 and 2019

O. LPG Consumption (in kgs) for 2018 and 2015

Appendix G: Row Data in Excel Format
https://drive.google.com/drive/folders/1ohMrhckWPoxRExry vlpwchiCAISlonsna

Appendix H: Colculation ond Characterization of Commercial buildings

https/fdocs.google. com/soreadsheets/d/ 1353 112 f0ONsLesHE liaUHdxDr EX-
zfsleditPusp=sharing& ouid=11115514193735323525 238 rtpof=truefsd=true
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Appendix C

Energy Consumption Survey Questionnaire for the Industry Sector

Table AC-1. General Information

Companyname:

Address of factory

Contact person, & position: Name: Position:
Contact phoneno. & email: Telephone: Email:
Industry category:

1) Sugar factories
2) Cement factories
3) Food factories [beverages and canned & packaged food)

{Toindicats the industry category that
best describes the factory production)

1) Main products:
Desription of products [please state

type of main products and
measurement of production outputs,

2) Unit of production output:

e.g. kg, tonnes, m3, liter, etc.):

o Ol o 1) Bituminous 2) Diesel 3) Fuel oil a)1pe 5) Natural 6)Fuel wood
ype of fuels used: codl iesel uel of atural gas & wood waste
Calorific value of respective fuels: 1) 24,618 kl/kg 2)42,600k)/kg 3)42,600kl/kg 4) 47,700k} /kg 5) 36,031 ki/kg 6) 15,500 ki/kg
To fill in details below.
Examples: 2
1) Steam o
Category of production processes [to |generation: B
indicate which processes are 2) Heating: o
deployed in factory): 3) Process cooling:
4) Others [to
specify)
pecify) 4. ..
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Table AC2. Energy Consumption and Production Data of Industrial Sector

Tatal Total Equiralent | e Energy U
Fuel#1 Fuel#2 Fuel #3 Thermal | Electricty | ©ooeit ar Tl e
year Electricity ©tate l::el oa [state l::el -~ (State l:lfel aG E::na Canzur:c i‘;n Consumption can?]i"lg‘;ian Production | Production | Production Production | production " t:r::rtv, & N
{utility bills) op P el 8y pt in Mify P output#l | output#2 | output#3 | outputis output emarks
consumption) consumption) consumption) [P+ Q4R 45]
GH 4K D+E L+N OfT]
[ 1 ID+£] M 36] [L+H] [0/T]
To state fuel type used {eg. fuel oil,
Fuel type: Ele ctricity Electricity diesel, natural gas)and respective CY
values
. 1) To obtain fuel consum ption in physical
Calorific I unit of fuels from survey respondents.
Value
2)Fuel energy consumption is computed
ffrom the amvountof fuels consumed and
. {production {production {production {production {production . respective calorific values.
Unit &Wh) [ MI/yy [ M1 o (M1 M1y {RWh /) M1 MI/yy ity wnity) wnitfg) anit 3} unitfg) ®1/prod unit/y)
3) Equivalent elect ricity consum ption in
Column M is a direct conversion from
electricity consumption to equivalent
TOTAL Year #1: a a a 0 _ _ 0 fthermal energy unit, based on LkWh =
2018 3.6M).
1) The computation of EUI is estimated in
TOTAL Year #2: B 9 B @ R R 8 Column U.
2019
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Table AC-3. Breakdown of Energy Consumption in Processes

Production Processeswrith energy consumption breakd owrns

Fuel 1 Fuel 2 Fuel 3 Fuel 4 Electricity
To state Fuel 1 Fuel 2 Fuel 3 Fuel 4
processes in Equivale nt Total yearly
717 T 1 11T R — FuellEn efg\r ........................ Fuel 2 En erg\r ........................ Fuel 3En efg\r ........................ Fuel 4En efg\f Total Thermal Electricity Onsite Pov er Eletllll:l‘l.? en elgv.
of energyand | (To state type | Consumption | {To statetype | Consumption | (To statetype | Consumption | {To statetype | Consumption Ener {utility bills) Generation [
electricity {e.z | & physical unit & physical unit & physical unit & physical unit =¥ ¥ in therm al {MJ/year) Remarks
steam, drying, of of of of ener gy unit
- A A A A E+G+I+K Wh Wh
process cooling, | consumption M1y consum ption (LR consumption M1y consumption (M) [E:Gk] &vh &vrh
pProcess PEr year, e.g. PEr Year, e.g. PEr Year, e.g. PEr Year, e.g. M1y [L+0]
automation, etc.)| tonnes/y) tonnes/y) tonnes;y) tonnes;/y)
Year #1 Mote:
1] 1] X X
2018 1) The main purpose of this
o o tableis to estimate % share of
energy consumption by
0 0 respective processes.
1] 1] 2) Equivalent electricity
consumption in Columnsh &
@ @ M is a direct conversion from
electricity consumption to
Total equivalent thermal energy
otal ; -
Year #1 i} i} i} unit, based on 1 kWh =3.6
Year 22 Il
‘ear
2019 v v
3) The total yearly
o o consumption of all processes
should tally with the
L L corresponding valuesin Table
2
1] 1]
o] o]
Total
o] o] o]
Year #2
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Table AC-4. Computation of EUI with Product Breakdowns for Different Products with Different Measurement Units

Energy consumption breakdowns and product breakdowns for factories that produce different products having different measurement units, e.g. ton, m’, ete.

Fue 1 Fuel 2 Fuel 3 Fud 4 Electricity
Equivalent ]
Fuell Fuel 2 Fuel 3 Fuel 4 Total Thermal Bectricity Total yearly
Fuel 1 En Fuel 2 En Fuel 3 En Fuel 4 E En Consumpt — Total Yearl

Consump:ir::‘l Tl ::: ........................ Consu ::: ........................ [h:sumn::: = Hec fricity Dnsite Power ljn(lrl.::l:“:)nosli.lhe consumption Prudu(liu: {MYproduction
(To state type & (Tostate type & P {To state type & mp {Tostate type & P (M) {utility bill sy Generation eragﬁun] Output output/y) Tostate Remarks
physical unit of physical unit of physical unit of physical unit of gen {MJ/year) unitof EUI

consumption | TN | consumption | T consumption | " consumption | T kvh,y) (kWh/y) o o [o/P]

f (M) i M) iy i) w M) ! energpunit {80 o)
per year, eg. per year, e.g per year, e.g. Peryear, &g [D+ FeHe ]
tonnes /) tonnes/y) tonnes/y) tonnes /y) M) [K+N] MJ/production
output/y
Calorific Yalue
of fuel
Mote:

Product#1 i] 0 1] 1) If the production output of a
factory is measured by a
singular and cons stent unit, it

Product2 0 ) g is not e cessary to compute EUI
by individual products
2) Equivalent electric

Product3 i 0 i 1 Eq o ty
consumptionin ColumnN isa
direct conversion from
electicity consumptionin kiwh

Product#4 1] 0 1]

to equivalent thermal energy
unit (M) basedan 1 kwh= 36
M.
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Appendix D

Energy Consumption Survey Questionnaire for the Commercial Sector

Table AD-1. General Information

Commercial Sector: 1) Office building 2) Retail building
Company name:
Address of building
Contact person, & position: Name: Paosition:
Contact phone no. & email: Telephone: Em ail:
1) Building footprint {length » width in m):
Desription of building: 2) No. of storeys:
3) Age of building
Gross Floor Area [excl covered
carpark area)] {GFA in rnZ):
Type of fuels used beside electricity: 1) Bituminous coal 2) Diesel 3) Fuel oil 4)LPG |5) Natural gas 6) Fuel wood & wood waste
Calorific value of respective fuels: 1) 24,618 kifkg 2) 42,600 kl kg 3) 42,600 ki/kg 4) 47,700 kl/kg |5) 36,031 kifkg 6) 15,500 kifkg
|

117




Table AD-2. Energy Consumption and Building Data of Office and Retail Buildings

Building Energy Rationalised
Intensi BA
Total Thermal | Total Hectricity ivalent . - "
Electricity . Fuel #1 Fuel #2 Fuel #3 Energy Consumption Equivalen . o E"H,w Gross L Estimated floor | |
. Onsite power Thermal Energyin | consumption {preliminary ) Building Operating| (To be computed
Year from utility ) (statefuel type & (statefuel type & (statefuel type & (Mh Floor Area R vacancyin . Remarks
H generation i . y kwh estimates) Hours after establishing
bills € € € [MeH] {GFA) percentage onal
+
(6K {0+B na. u.ma auem.ge
building operating
[o/7] hours per week)
Notes:

Fuel type: Electricity 1) The themnal energy
conversion in columns G, | & Kis
based on calorific value [CV)in

Calorific i i Miftonne or Wi, If Gy isin
Value other unit, appropriate
conversion factor needs to be
., d to work out
Unit (kwh) (k) (M) (M) (M) (M) (kwh) (kwh) (kwh) {m) (kvih/mz2/y) ) (Hours/week) | (kwh/magy) |50 0 or O EnerY
consumption in M)fyear.
2) Onsite power generation to
TOTAL Year #1 B _ be in kwih.
2018
3 Column O s adirect
conversion from b to kiwh
based on 1 kiwh = 3.6 M)
TOTAL Year #2 : :
2019 4) GFA to exchide carpark area

inside building, ie. basement
carpark area.
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Table AD-3. Details of Air-conditioned Spaces for Estimating Energy Consumption by Air-conditioning System

Retail Building / Block

Office Building f Block

Retailair-
corditio ned
area ircludirg
Podium Block

i)

Commonarea
includirg
labby,

G2 rridars,
promation
area, eta,

2
()

Othearea
(To specify

()

Estimated
Retail years of
-Podium Block s ke
Statz po, of  [for AC systemn|
floors
Mo, ofyears]

AfC systemn
Opemting
Haurs

{hoursfurse k)

CorP
of AT system

TOTAL
Flocr area

im’)

Office Block
Air-
carditionsd
Area
{rmz)

Commo narea
ircluding
lobby,

corridars, ete,

i

Othearss

o 5 pecil

frzere=etiy Office Block
) [ste o, of
: floars)

)

Estimated
wears of
service

for AJC system

(Mo, ofyears)

A/C system
Opermting
Haurs

thaurs/ueek])

COP
of &fC systern

TOTAL
Floor area

)

Remarks

Centralised
conditioning system with
water-cooled chillers. Hoor
areas are served by AHU

Centralised
conditioning system with air.
cooled chillers. Hoor areas
are served by AHUs

VRV / YRFair-conditioning
system

Splitunitair-
conditioners

Note:

1) Air-conditioned floor
areaincludes all air-
conditioned usablespaces
including commaon areas such
as corridors, lobby, pantries,
etc

) Comparingthe total air-
conditioned area with the
building GFA, what is the
percentame difference?
Ifthe difference= 30% for
retail building and 22 (8 for
office bilding, please revisit
and ched again to improve
the accuracy

3)0btain COF of main air-
conditioning equipment, such
as chillers, ¥RV VR, split unit
airmnditioners from

plates, 0&M man uals,

Other A/Csystem etc
(to specify......
Total
Total GFA= ...
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Table AD-4. Lighting Installations in Retail Buildings for the Estimation of Electricity Consumption by Lighting

. . Genzml, faod Srmck: Bars & p — Other arem . o
Mein & sides mmes, ) y Dt s Storage arm o bading | Continus = lghtingrea for [Tospacify TomiLighing Operting | Tota Lighting
promationams, st Fire mer b rdising arem o . . inel. Corrido m/Closets arem, et ) sec urity & safety purposes Totnlére Hours Ebectricity Remarts
merchandzing Lzisure & Dinirg Bar Fower !
@3 fm2 perwesk | Cormumption
[r) [ L] L] () (L] L] [kl ) L] (r) [k [m?) [kl [m¥ L] [m (i [m [kl L] (khfy)
High trffic mrem Note:
x) o o
@100 ) rmi*
Light tm#fic 1) Tatal breakdown floor
aren @0 M ® ° ® ares should be equalto
GFA. Ifthere & a difference,
Remilstores itshould be within P&,
Tpe & Fine & M= @ o a .
'\"='=*="'d=;"\i 2] External carpark area &
T notincluded
Remilstores 3) Column ¥ Operating
Tpe BGererml, Hours perweek should be
Faod & Misc| o o =} P -
Wle e b izirg @22 thzsame & the building
Wm* operatinghours inTable 2.
Genem|shoppirg
orads ] o o
@15
Srec b bars &
cafetzrio +hesure & 8 ®
dining bar °
@14 0/
Stomg=arn
o o o
@
Comidars [Cosets
2 a a a
@4 W/
Meclam
incl badingama 0 o o 0
3
Totmlam o o o o o o o o o o
[m
Totml lighting
Ebectricity 1}
Lo e umptic n[ kI
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Table AD-5. Lighting Installations in Office Buildings for the Estimation of Electricity Consumption by Lighting

Miscellaneous Area {loadin Conti lighti f Oth i Total Lighti
Common area $toragearea { £ " |nuou.s Ighting area for e area Total Total Lighting Dperating | Tota gh g
Entrancearea Office area 3 area, etr.) security purposes Hours Hectricity Remarks
e.g. corridors, dosets M . area Power .
@3W/m (TO SPRCTY et s e ) per week | Consumption
Hate:
{m?) fkew) {m?) kv {m?) fkew) {m?) kv {m?) (kv {m?) kv i) (kv {m?) (kw) {h/week) (kwh/y)
1] T otal breakdown floor areas
should be equal to GF&. If
Light traffic 0 0 0 there is a difference, it should
area @L0W,/m’ be within 5%.
Officearea Q 0 i 2] Extemal carpark areais nat
@10 Wim’ included.
Common area 3] Colurmn T Operating Hours
@4Wﬁnz 0 0 0 perweek should be the same
asthe building operating hours|
Storage area in Table 2.
1] 0 0
@ w/m’
Miscl area
3 0 0 0 0
@IW/m
Total Area 1] 0 ] 0 ] 1] 0
Total Lighting
Hectricity 0
Consumption
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