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Preface

The Ministry of Environment and Water Resources (MEWR), on behalf of the Government of Singapore,
has commissioned PM Group to conduct an International exercise to benchmark the performance of the
Pharmaceutical and Nutritional plants in Singapore against equivalent facilities around the world. The
focus of the benchmarking study relates to Energy Efficiency and Greenhouse Gas Emissions.

As part of the study this Common Assessment Framework (CAF) has been prepared. The aim of the
CAF is to provide a consistent, repeatable and auditable way of assessing the on-going performance of
the pharmaceutical plants in Singapore in the areas of Energy Efficiency and Greenhouse Gas
Emissions through self assessment. The document provides guidance on how to derive key energy
performance indicators (KPIs) that can be used to benchmark energy performance at plant and system
level against data measured across the sector during 2010, and a range of Best Practice Target Values.

Together with our engineering partners CRB Consulting Engineers Inc. USA, PM Group would like to
thank all of the participating sites for their co-operation throughout the data collection process and
subsequent interactions required to successfully complete the study. We also gratefully acknowledge
the guidance, support and leadership provided by the MEWR and the other Singapore Government
Agencies involved in the study; National Environment Agency (NEA) and Economic Development Board
(EDB).

January 2011
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INTRODUCTION

This document provides guidance on how to derive key energy performance indicators
(KPIs) that can be used to benchmark energy performance for pharmaceutical plants in
Singapore. These measures can be used to identify opportunities to reduce energy use.
Target KPI figures are also provided that are considered to be best practice. Guidance on
measures that can be taken by plants to improve energy performance is also given for
major energy using utilities. This guide was developed following an energy benchmarking
study carried out on behalf of the MEWR in 2010 of the Singapore pharmaceutical
industry and a selection of international pharmaceutical sites.

For this study, the pharmaceutical sector was categorised into four main sub sectors;
1 Active Pharmaceutical Ingredients (API) from Organic Synthesis

1 Biopharmaceuticals from Biologics Based Processes

1 Secondary/Finished Products

1 Nutritionals

The guide identifies metrics that are most relevant to each subsector. It is intended for use
by existing pharmaceutical plants but also provides target performance measures that can
be specified in the design of any new plants or retrofitting/upgrades of existing plants.

This guide provides the following information:
1 An outline of the benchmarking process

1 A set of performance KPIs for both the whole plant/site (level 1) as well as individual
systems within the plant (level 2)

1 For each KPI, the guide provides a calculation method and the required data inputs

necessary to calculate the KPI

1 Good practice benchmarks and actions that can be taken by plants to raise

performance closer to ‘good’ practice are also advised

For each KPI the guide provides an individual methodology matrix for data collection and
for calculation of the KPI. Benchmarking performance data was derived from the results of
the Singapore MEWR pharmaceutical international benchmarking study carried out during
2010.

The guide is not intended as an energy audit procedure. However, the KPIs generated
can be a very useful tool in assessing energy performance and improvement potential as
part of an audit. It is up to the site to ensure that the input data from metering or records
used to generate KPlIs is sufficiently accurate and representative of plant normal
operation. An accuracy level of +/-5% for collected data is recommended for generating
KPIs. Lower accuracy levels will increase error levels but will still be of benefit for

comparative purposes and showing KPI trends over time.

1

COMMON ASSESSMENT FRAMEWORK



Throughout the guide, performance metrics will be referred to as KPIs (Key Performance
Indicators). A KPI is a measure used to assess in this case, energy performance on a
normalised basis between different sites or systems. e.g. CO; per Unit Floor Area
(TCOzlmz), Cooling Specific Energy (kW eiec/kWcoaiing), Steam Generation Efficiency (%).

A good practice benchmark is a particular value of the KPI that can be used as a target
figure representing good practice; e.g. 0.2 is “good practice” for chilled water cooling
specific energy.

2
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OVERVIEW OF BENCHMARKING PROCESS

An overview of the KPI generation and performance benchmarking process is given in the

flowchart below.

Set benchmarking goals

Define Key Performance
Indicators (KPIs)

Determine the data required to
calculate each KPI

Prepare data collection plan

Collect data

Calculate KPIs

Benchmark KPIs and identify
improvement potential

Generate action plan

Maintain monitoring
programme and track KPIs

AcConfirm objectives of benchmarking - comparative
performance in sector, energy saving measures, achieve
best practice, etc

ADetermine extent of plant and systems to be evaluated

AAppoint benchmarking coordinator

AUse Common Assessment Framework (CAF) including
KPI Matrix

APrioritise systems based on most significant energy users,
available resources and relevance to sector

AUse CAF guide and KPI Matrix

Aldentify the sources of information (BMS, schematics,
meters, etc)
AConfirm frequency and duration of data collection

AEnsure data collected is representative of normal
operation
AEnsure meters of sufficient accuracy installed

AUse the CAF guide and KPI Matrix to calculate the KPIs
from collated data

ACompare KPIs to good practice values provided in this
guide

Aldentify improvement potential based on benchmark
results.

Aldentify and prioritise improvements to be implemented
based on; ease of implementation, scale of improvement,
cost

AAssign responsible owner and implementation schedule

ATrack improvements in KPIs as measures are
implemented

ASet target KPIs to monitor performance

ASet appropriate repeat schedule

3
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3.1

3.2

DATA COLLECTION

Data Collection for generation of KPIs is considered at two levels (1) plant or site-level (2)

system or utility-level.

Level 1 (F or Plant -Level Benchmarking)

This section describes the data required for metrics applicable to overall energy

consumption at a site/plant level. This information is useful for benchmarking a plant’s

overall performance relative to its peers. Data gathering for level 1 is generally relatively

straightforward and can be obtained from;

1  Site Characteristics - Building areas / volumes usually obtainable from building
layouts and sections, number of employees

1  Energy Profile — Annual energy consumption, on-site generation, water, liquefied gas
and other resource consumption. Usually obtained from utility bills. (Note: Multiplant
sites may require further sub metering data to estimate the proportion of consumption
going to each plant.)

1 Plant operational data - including hours and days of operation of the plant, key plant
capacity metrics (e.g. reactor capacity for API, drier capacity for nutritionals)

1  Production activity — product output, plant utilisation factors, expressed over a single

year.

Level 2 (For Ut ility Level Benchmarking)

Level 2 data collection is required to generate KPIs for individual utility systems (e.g.

Steam Generation, Chilled Water). Data collection at this level can be more challenging

and is very dependent on the level of metering installed and records/logs kept to monitor

utility demands and equipment performance.

In general two types of metric can be determined for each utility system

1 Equipment Performance KPI: This measures the performance efficiency of the utility
generation system in the form of utility produced per unit of energy input or as specific
energy (inverse of efficiency) e.g. electrical energy input per unit of Cooling Energy
Produced.

1 Demand Based KPI: This measures the level of service demand of the utility per unit
of a key plant size, capacity or output measure.

Methods of data collection that can be used are

1 Data from any bills or energy incoming metering information from utility providers.

1 Readings from system instruments such as flow meters, pressure
gauges/transmitters, temperature gauges/transmitters.

1 Readings from ammeters and power meters on equipment control interfaces, site
distribution electrical panels, main switchgear.

1 Hours Run, capacity information, electrical current information and operating

conditions from system microprocessors.

A
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3.3

9 Status of run/trip indication on MCC's
1 Screen prints from building control systems or process control systems.

1 Reviews of operations logs.

Direct metering or measurement of a plant load generally requires the measured flow rate
and temperature difference between supply and return of the utility. This is the preferred

data source for determining KPlIs.

Direct flow measurement will not be available for some demands. In this situation, an
approach to gathering data using a combination of equipment performance curve data
and readings that are normally readily obtainable (electrical load and/or pressure) will be
used. Utility equipment has very defined performance characteristics and this facilitates

accurate performance determination when operating characteristics are known e.g.

1 A cooling load on a chiller will be derived from the compressor performance curve by
reading off the delivered cooling from the consumed electric power, assuming the
chiller performs in accordance with its specification.

1 Flow rate can be determined from a pumped system by reading the differential
pressure across the pump and then reading the flow rate off the pump performance
curve for the pump.

In many cases manufacturers and suppliers of installed plant can be of assistance in
deriving performance data indirectly from other data and can be contacted in this

instance, where the expertise to calculate is not present on the site.

If there is no other option to obtain data other than measuring flow or temperature,
portable meters for measuring flow or temperature can be purchased or hired. These
meters can be strapped onto the external surface of a pipe without having to break the
piping to install e.g. Doppler Meters.

Time Periods and Frequency of Data Collection

Measured consumption values should be over a representative one year period or if on a
rate basis at the annual average rate. Annual data can be derived from shorter time
periods where the data is representative of typical or normal operation. Itis up to the
individual site to interpret what time periods are representative of its mode of operation, as
operations practices will vary between sites. Sites will need to address the effects of
production down time (e.g. between product switch over, downtime for cleaning,
maintenance shutdown), durations of batches, production practices (days only or 24/7
continuous production) and other factors that cause short term variations in consumption

when obtaining representative data.

5
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Singapore has an equatorial climate with little or no seasonal variation and no winter
heating season. This means that monthly data can be extrapolated to annual data without
having to account for climate effects of ACMV loads provided that the plants operation is

representative of normal operation for that particular month.

The frequency of data collection and KPI generation is dependent on the ease of
compiling data. As a minimum KPIs should be monitored on an annual basis or after

significant plant changes have been implemented.

Where metering is continuous via PLC/DCS it should be possible to monitor system level
KPIs on a daily basis. The benefit of monitoring system KPlIs at this frequency is that it
will flag equipment issues or problems that may be causing abnormal below optimal
performance, which can then be investigated promptly. The biggest energy users e.g.
Chilled water, should be prioritised for additional metering to enable frequent monitoring
where plants have limited metering installed.

6
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LEVEL 1 BENCHMARKING

The Level 1 benchmarking methodology generates a series of key performance indicators
(KPI) from data gathered that will enable comparison and benchmarking of energy
performance with peers. The level 1 energy KPIs are:

1 CO: per unit floor area (All Sectors)

1 Energy End Use (Thermal and Electrical) per Unit Floor Area (All Sectors)

1 Energy End Use per unit Equipment Capacity Rating (API Sector)
1

Energy End Use per unit Production Output (Nutritionals and Biologics)

Consumption data is normalised using three main characteristics as described in Table
4.1.

Characteristic Measurement and Relevant Sector
Building Floor Area (A) Determined from site layout drawings for all enclosed
m? buildings: production plant (GMP Areas and technical plant

rooms), administration, laboratories, utility and maintenance
buildings. (Warehousing is excluded due to differences in
practices (on site versus off site) (All Sectors)

Equipment Rating (C) Obtained from equipment capacity data multiplied by %
(corrected for utilisation) utilisation of equipment over one year
Total Plant Reactor Volume (API Sector) (m®).

Production Output per Dried Product (Nutritionals) (tonnes)

annum (P) Production Water(WFI) Consumed (Biologics) (exclude

water consumed in CIP) (m3)

Table 4.1  Characteristics for Normalising KPIs

Building Volume is an alternative plant size measure to floor area. An individual site can
calculate a KPI based on this measure by multiplying areas by floor heights. Floor area is
the preferred comparative metric as this data is available from all Singapore and
international sites, and most commonly used internationally as in building size metrics.

Building volume will improve the relative performance of sites with larger floor heights.

The process of normalisation allows consumption data from sites of different sizes and
scales to be compared on a like for like basis. This is achieved by taking the total
consumption figure and dividing it by the characteristic size/scale quantity. For example,
CO, emissions will be normalised versus building size by taking the total calculated CO,
emissions for the site in one year and dividing it by the building floor area to give a KPI for
comparing each site. The relevance of each characteristic used for normalisation is

commented on in Table 4.2.

7
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Characteristic

Building Floor Area

Equipment Rating and
Utilisation

Product Output

Comment on Use

Key overall KPI which can be used to benchmark across all
sectors as energy use commonly correlates closely with
building size. Most existing data in the industry sector has
been normalised against area.

Useful KPI for comparison within certain sectors where a
key equipment attribute gives a measure of process plant
scale and activity. It is useful for comparing plants where
production output is not closely linked to energy
consumption. e.g. Reactor Volume in API Plants

Useful KPI for comparison within certain sectors where the
guantity of product produced is closely linked to energy
requirements e.g. Dried Product in Nutritional Plants

Table 4.2 Relevance for KPl Generation

KPI results for the Level 1 (plant-level) benchmarking analysis are presented in Box Plot

form. The box plot approach gives a clear picture of where a site is placed with regard to

best practice within its sector and the industry overall, while maintaining the confidentiality

of participating sites.

The box plot is read as follows

i Centre horizontal Line: This is the median (50% of data points above and 50% of

data points below this line)

i Box: 50% of Data points lie within the Box. This is known as the interquartile

range. l.e. The lower line of the box generally correlates to the top 25%

performance for that particular KPl. Numbers are rounded to best fit/nearest

whole, where the number of data points is small.

i Whiskers (Vertical Line): This includes the full range of data points excluding

extreme outliers.

i Extreme outliers are defined as points that are more than 1.5 times the

interquartile range beyond the ‘box’.

3
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4.1

4.2
4.2.1

4.2.2

Site Energy Consumption Adjustments

A number of factors which increase energy usage but overall have a beneficial effect on

global energy usage are addressed as follows.

Purchased Liquid Nitrogen versus On Site Nitrogen PSA Plants

Sites which have installed Pressure Swing Adsorption (PSA) Nitrogen generation plants
will have a significant electrical consumption associated with PSA operation. Energy use
associated with on-site PSA-generated nitrogen is included in the electrical energy
consumption figures for the sites. To correct for sites with externally sourced nitrogen, an
equivalent electrical generation figure has been added to the electrical demand of these
sites. (1 kWhe/Nm?® Liquid, 0.4 kWhe/Nm® Pipeline). These figures have been used from
actual plant data for Nitrogen Plant electricity consumption on past PM projects.

Solvent Recovery

Sites with on site solvent recovery (S/R) activities will have increased energy usage due
to the high energy requirements of distillation based recovery steps. Solvent recovery on
site is considered beneficial from an overall global energy life cycle approach when
compared to off site disposal. The annual thermal energy consumption of solvent
recovery plant should be subtracted from the site energy consumption when calculating
the KPI.

On-site CHP and Trigeneration plants

Incoming energy will be higher for sites with CHP and tri-generation plants. Expressing
incoming energy in terms of CO, emissions will clearly demonstrate the benefit as the
reduced carbon emissions associated with lower grid electricity usage will typically be
more than the increase in emissions due to increased oil and gas usage. End energy use

will take into account on-site generation.

Specific Carbon Dioxide Emission (SCO) - All Sectors

Description

This KPI measures the incoming site/plant energy intensity in terms of equivalent CO, for
the fuels and electricity used over one year. It is the key overall site level energy
benchmark for all sectors. As it expresses energy in terms of CO, equivalent it takes into
account the impact of on site generated electricity from cogeneration or trigeneration as

opposed to grid electricity.

Calculation

Total specific annual CO emissions (SCO) are calculated as follows:
SCO= (TXEFT + ELXEFE)/A (TCOz/m?
where

T = Incoming Thermal Energy (MWH)

9
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4.2.3

EFT = CO; emission factor for Thermal Fuel Consumed (TCO2/MWh) (Nat Gas: 0.19;
HFO: 0.264)

EL = Incoming Grid Electricity Consumed (MWH) (corrected for purchased liquid nitrogen
at equivalent of 0.01MWH per Nm® purchased))

EFE = Grid Electricity Emission Factor for Singapore (TCO2/MWH) (Ref: Singapore NEA
Latest Data — 2008 Data: 0.501)

A = Total Plant/Site Building Floor Area (mz) (including production plant, laboratories,

administration offices, housed utility/maintenance areas)

Performance Benchmark

The box plot in Figure 4.1 gives CO figures for a range of benchmarked sites. Due to the
wide variety in the characteristics of different plants and sites a definite good practice
figure is difficult to define. This figure can be considered an aggregate of all other KPIs
down to system level. Good practice would be the CO figure calculated if each individual
system KPI was at good practice level. If a site calculates its CO figure it is clear to see
the relative ranking in the box plot below. The CO figure can also be used for progress
monitoring of the impacts of improvement measures taken at a system/utility level.

Tonnes CO,/Floor Area by Region

] Nutritional
25 1 Biotech
API
S d
5 econdary
~
S
O
o 1.5 4
4]
c
=
o
= °
0.5 A ==
1T
0 T T T d

Singapore Europe USA Asia

Region

Figure 4.1 Site Specific Carbon Dioxide Emissions
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4.3
4.3.1

4.3.2

Specific End Use Energy (SE) - All Sectors

Description

SE measures the specific energy demand in terms of final energy use over one year. It
can be calculated for thermal energy, electrical energy or total (thermal and electrical)
energy. To calculate it for plants with on site trigeneration, the output of the trigeneration
plant for electrical, thermal, and cooling (electrical) equivalent is needed. It is also a key
overall benchmark as it expresses energy use as consumed in its final form and is
complementary to SCO above. It allows comparison of plants with and without on site

trigeneration on a similar end use basis.

Calculation

SE = FE/A (MWH/m?)

where

FE = Energy Used (Electrical and/or Thermal) (MWH)

A = Total Plant/Site Building Floor Area (m?) (All Sectors)

Sector specific variations of SE can also be used.

API Sector: Replace A with Utilised Reactor Volume (Total Reactor Volume x Utilisation
Factor).

Nutritional Sector: Replace A with Dried Product Output in one year (tonnes).

Secondary: Replace A with unit output in one year (million tablets/vials/capsules etc.).
Biologics: Replace A with Quantity of Production Water Consumed (Normally WFI) in one
year, excluding CIP and Clean Steam consumption (m3).

Note: For secondary pharmaceutical plants, the output based SE is useful as a site
specific metric. Due to the heterogeneous nature of secondary plant outputs it has limited
use as a comparative metric between secondary plants owing to the divergence of the
metric values. However a graph using a logarithmic scale is shown to represent the

values from the study.

11
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4.3.3 Performance Benchmark

The box plots in Figures 4.2 to 4.11 give SE figures for a range of benchmarked sites

grouped by region and by sector. The approach to use of SE is similar to that for SCO.

End Use Energy - Total by Region

0.5 T T T I 0
Singapore Europe USA Asia

Region

Figure 4.2  Site Specific Total Energy End Use by Floor Area

End Use Energy - Thermal by Region

35 1 T T .

2.5 A

MWH/m?%ann
N
°
e—

1 T

0 T T T d
Singapore Europe USA Asia

Region

Figure 4.3 Site Thermal Specific Energy Use by Floor Area
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End Use Energy - Electrical by Region
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Figure 4. 4  Site Electrical Specific Energy Use by Floor Area
Energy Use per unit Floor Area - API Sector
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Figure 4.5 Energy Use Comparison per unit Floor Area AP| Sector
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Energy Use per Unit Reactor Volume [ USA
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Figure 4.6 Energy Use Comparison per unit Reactor Volume- API Sector

Energy Use per Unit Output - Nutritional Sector
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Figure 4.7 Nutritional Sector Energy Use Comparison by Output
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Figure 4.8 Nutritional Sector Energy Use Comparison by Floor Area
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Figure 4.9 Energy use per unit WFI i Biologics Sector
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Energy Use per Unit Floor Area - Biologics and Secondary
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Figure 4.10 Energy use per unit floor area i Secondary and Biologics Sectors
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Figure 4.11 Energy use per million units output i Secondary Plants.

Note: This graph illustrates the wide divergence in this metric, and is shown on a
logarithmic scale to enable the results to be presented. This metric is really only suitable
for a site to track its performance on an ongoing basis as a means to measure continuous

improvement.
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4.4 Climatic Factors

The impact of regional climate factors on energy use was carried out using IES energy
modelling software. A comparison between Singapore and Europe (reference country:
Ireland) and the US (reference location: Puerto Rico) was carried out. It is expected that
other sites in Asia and mainland USA are within these climate boundaries. This is shown
in Table 3.3a. Climate only affects building ACMV energy use. The data was corrected to
include average process energy usage from Singapore data which is the same in all
regions. The correction is based on ‘relocating’ the same site to a representative location
in the region and maintaining the same room conditions. As expected Singapore sites
should consume more electrical energy (ACMV cooling) and less thermal energy (ACMV
heating) than the other two regions.

Singapore  Europe (Ireland) US (Puerto Rico)

Electrical Energy 0 -32% -5.7
Thermal Energy 0 +34% 0
Total Energy 0 -5.9% -3.4

Table 4.4 Climate Correction Estimated Factor (Negative sign means equivalent plant
consumes less).

The overall effect is that an equivalent Singapore site should consume more energy than
if it was located in either of the other regions. Actual data indicates that Singapore sites
on average tend to consume less energy than international sites as explained earlier.
This means that the relative performance of Singapore sites over international sites is

even more significant. This can be explained by the following.

1. Newer age profile of Singapore Plants resulting in more modern equipment with
higher efficiency and higher building fabric insulation standards.
2. In certain plants and building zones higher room temperatures are considered

acceptable as comfortable compared with more temperate zones.

4.5 Energy Management Systems Benchmarking

The performance of plants has also been benchmarked on the basis of answers to four
questions regarding Energy Management Systems, and information provided through the
Level 1 questionnaire process.
The questions were:
1. Briefly describe the site energy management/conservation program.
2. Does the site have a certified energy management/environmental program, if so
advise details
Briefly describe any site energy/sustainability achievements

Briefly list main focus area of resource conservation to data.

17
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Table 4.5a below shows the scoring system applied:

Scoring System Per Question

Response to Question Score
Poor/no info 0
Adequate/Minimal Measures 1
Evidence/Examples of Acheivements 2
Proactive Energy Management and
Best Practice Standards 3
Max Score for four questions 12

Performance Assesment

Overall Score Grade
<4 Below Average- Needs Improvement
4-7 Adequate - Room for Improvement
8-9 Good Practice
10-12 Best in Class

Table 4.5a Energy Management Scoring System

The average breakdown by site per score range is shown in Table 4.5b below.

Range/Level Singapore Europe us Asia
<4 (Poor or No Data) 3 0 0 3
5-7 (Room for 4 3 2 1
Improvement)
8-10 (High Standard) 3 4 0 2
>10 (‘Bestin Class’) 1 1 2 0

Table 4.5b Energy Management Performance Range

In general scores for the Singapore sites are slightly lower when compared
internationally. European sites scored the highest on average with the highest proportion

of sites with a ‘High’ standard or better.

18
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4.6

Greenhouse Gases (Non Energy)

Non energy Greenhouse Gas Management was also assessed on the basis of a series of
guestions asked during the Level 1 and Level 2 assessments and a relative scoring basis
was established based on this information. Table 4.6a below describes the questions

posed and the scoring basis. This can be used to assess site score.

Questions

Is Ammonia (NH;) Refrigerant used on site in process applications

Is Carbon Dioxide CO, Refrigerant used on site in process applications

Are permanent leak detection systems used on equipment containing large volumes of HFC or HCFC

Is there a site/corporate program to phase out HCFC Refrigerants and fire suppression systems.

Is there a regulatory requirement to phase out HFC Refrigerants or fire suppression systems.

Is there a corporate requirement to report losses of HFC's or HCFC's.

Is there a regulatory requirement to report losses of HFC's or HCFC's.

Is NH; Refrigerant used on site in HVAC applications

O l|lo|N|jojaldlw]N |-

Is disposal of waste HFC or HCFC's controlled as hazardous

10|!s there a mandatory site requirement for leak checks on systems containing HFC and HCFC refrigerants.

11|Is there a mandatory national requirement for leak checks on systems containing HFC and HCFC

[

12|Are there any national/local regulations regarding control and monitoring of systems containing HFC's or

13|Does the Site have an inventory of equipment containing HCFC's and HFC's.

Scoring Basis

Each Yes answer receives a 1. Overall Score by counting number of 1 answers. Max Score = 13.

Table 4.6a: Scoring System for Non energy GHG Management

The average results by region are summarised in table 4.6b below.

Singapore Europe Asia us
API 2.3 10 n/a n/a
Secondary/Biologics 25 7.7 6.5 5.7
Nutritional 2 9 5 9
Overall Average 2.3 8.7 6.0 7.0

Table 4.6b: Non energy GHG Management (Best Performance is highest score)

Singapore compares less favourably to other regions. A significant reason for the lower
score is the lack of national legislation for control and phasing out of CFCs/HCFCs. The
relatively low number of sites that provided data on top up requirements for CFCs/HCFCs
during level 2 also supports this finding. In most international sites, programmes are under

way to phase out use of R22 on sites and replace with ammonia based chilling systems.
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It is clear that, in Europe in particular, the implementation of the EC F-Gas and ODS
Regulations — (EC F-gas Regulation (No. 842/2006) and EC ODS Regulation (No.

1005/2009) have had a positive impact on the management and use of GHG'’s in the
Pharmaceutical industry. The regulations impose the following obligations on industrial

operators:
1. Containment

1 Check equipment for leaks in accordance with a specified frequency, depending on

the size of the refrigerant fluid charge.
1 Fit automatic leak detection on systems containing 300kg or more of HFCs.

1 Keep records for all systems containing 3kg or more of F-gases and ODS.

2. Recovery and waste management

1 Recover HFCs/HCFCs during servicing and maintenance.

3. Training and certification
1 Ensure that technicians/engineers have the required qualifications

1 Ensure that businesses who employ technicians / engineers hold company
certification.

4. Labelling

1 Label new equipment adjacent to service point / information and in instruction

manuals.

(62)

. Placing on the market

1 Only use HFCs/HCFCs in refillable containers.

6. HCFC phase out

1 Implement a phase out programme for HCFC refrigerants.

1 Inthe EU the ban on the use of virgin HCFC began on 31 December 2009 and the

ban on the use of reclaimed or recycled HCFC will begin on 31 December 2014.

Implementation of similar practices, voluntary or mandatory, in Singapore, would

significantly improve the performance of Singapore sites.

The Irish EPA have produced a very good guide to the regulations for industrial facilities
and this can be found at www.ozone.ie or

http://www.epa.ie/downloads/advice/air/ods/48479 EPA IndustryBook.pdf
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5.1

511

LEVEL 2 BENCHMARKING

General

This section of the document sets out a methodology for the calculation and
benchmarking of System or Utility Level (KPIs) for your site, which can be generated for
each significant energy consuming system associated with your operations. Sites should
select the systems that are of particular relevance to their site and prioritise data collection

to generate KPIs in order of significance in terms of energy use.

All benchmarking graphs and tables in this section are based on a major industry survey

carried out across the pharmaceutical and nutritionals industry in Singapore during 2010.

Co, Emission Overview 2010

To support the identification and prioritisation of the significant energy systems on your
site, the following graphs (figures 5.1a to 5.1d) have been prepared based on the 2010
industry survey. The graphs demonstrate the relative influence on overall direct and
indirect CO, emissions associated with the various energy related systems that exist on
the pharmaceutical (chemical API, secondary and biologics) and nutritional plants in
Singapore.

The following table shows the system abbreviations used in the graphs:

Abbreviation System Description

CHW Elec Chilled Water Electricity — Electricity Consumed by
Chillers and Circulation Pumps

ACMYV Elec ACMV Elec — Electrical power consumed by Fans in air
distribution systems.

CTW Cooling Tower Fans and Cooling Water Circulation
Pumps

Other Elec Combined total for electricity used in small power, lighting

systems, general offices, warehousing, non
production/utilities.

Proc Elec Electricity used by process directly — product pumping,
agitators etc.

LTC Electricity Used by low-temperature production chillers
and pumping systems (i.e. process cooling systems)

ACMV Thermal Thermal energy used in absorption chillers or heating hot
water systems (e.g. reheats)

Proc Thermal Thermal Heating energy used directly by process.

Misc Util Electrical energy used across less significant pumping

systems e.g. process water, WWTP pumping, boiler
feedwater pumps etc.

CA/N2 Electrical energy used in compressed air and nitrogen
generation systems.

Solv Rec Thermal energy used in solvent recovery in API plants.

WWTP Therm Thermal energy used in waste water treatment in API
plants.
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Figure 5.1ai Individual System Influence on CO; Emissions - Pharmaceutical
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Figure 5.1b i Overall Aggregated Breakdown of CO, Emissions - Pharmaceutical
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As can clearly be seen, chiller water and ACMV represent a very significant proportion of
overall site energy use and associated CO, emissions and consequently represent the
greatest opportunity for energy and emissions reduction in the Chemical API, Secondary
and Biologics sectors.
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60%

Figure 5.1c i Individual System Influence on CO2 Emissions - Nutritionals
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Figure 5.1d i Overall Aggregated Breakdown of CO, Emissions - Nutritionals
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As can clearly be seen, the thermal energy used in production represents the single

biggest energy use and CO- emissions driver for the Nutritionals sector.

The method of calculation of each system-level KPI is provided in the following sections

on a system by system basis. Where relevant both an equipment performance and

service demand KPI is given for each utility or system. As part of this study a separate

Best Practice Guidance document has been prepared and this should be referred to for

guidance on the range of measures that can be implemented to improve performance on

individual KPIs.
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51.2

5.1.3

Specific Energy Graphs

The following applies to all specific energy graphs.

A
A

Benchmark is electricity consumed per unit output of utility.

Each improvement of 0.01() in SE = SG$15¢s) per unit consumption if load is
running 24 hours. Electricity Cost = SG$0.18/kWh. (Note: Subscripts are to
identify figures in below calculations). This applies to all graphs.

Example: 3,000y kW chilled water plant currently running at a SE of 0.3 (p)
(900kWE) If a site achieves a 0.02() improvement in SE, the improvement is

calculated as follows:

71  Calculate multiplier — (0.02) /0.01(s) ) = 2@

1 Calculate SG$ per unit load — 2 * SG$15@r) = SG$30(q)

1 Calculate Annual Saving 3,000(c) * 30c) = SG$90,000
Saving of 0.02 in SE (60 kW) yields a saving of SG$90,000 per annum on a
3,000kW chilled water plant operating 24 hours/day.

Target Values

A

All the following performance graphs include individual plant performance
data points (where relevant and where KPIs could be calculated), a median
line and a ‘target value’ or ‘best practice’ line. The basis for deriving best
practice ‘target values’ is described below and referred to separately in each
section.

Pharmaceutical Plants typically mix ACMV and process loads on systems.
These systems have a different load profile and behave differently to ACMV
only systems and as such it is often not possible to apply commonly
available ACMV related performance benchmarks.

For example Eurovent and ARI chiller ratings assume that chillers unload as
ambient temperature decreases (i.e. ACMV cooling reduces as ambient
temperature reduces) and that because the ambient temperature is low,
there will be additional condensing capacity available also. This results in
high energy ratings of chillers in low load situations. In a process plant,
where process related load makes up a high proportion of the chilled water
system, or where ambient temperature does not significantly affect
environmental conditions in rooms, it is usual for plants to run at low cooling
capacity where there are high ambient temperatures and related high
condensing pressures. This leads to very poor energy consumption on
chillers, even where the ARI or Eurovent figure at part load may indicate
good energy consumption.

From author experience, for pharmaceutical and nutritional plants it is better
to derive overall system target performance based on good design practices.
The target values are calculated based on a particular plant operating at

100% load at worst case ambient design conditions.
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A This target is a maximum specific energy and the expectation is that this
target should be bettered as cooling plant unloads, taking advantage of
excess surface area on heat exchangers and/or lower ambient temperatures.

A Base ambient design conditions are taken from ASHRAE design ambient
conditions for Singapore.

A Individual equipment Item electricity consumption is calculated on the basis
of using current best available technology equipment at the operating
conditions described in the individual sections.

5.1.4 Metering and Data Accuracy

A Generally an accuracy of +/- 5% is recommended for all data gathered.

A Itis recommended that performance flow and temperature measurement
instruments on largest energy consumers (typically Chilled water Systems for
Singapore) are placed on site critical instruments list for calibrations.

A Online trending of Specific Energy is recommended.

A If all instrumentation not currently available trend some parameter that best
represents plant performance.

A Show a target line on every trend. Start with an unambitious target to get
users comfortable with system.

A Have a site metering plan with priorities identified.

A Possibly have a small levy on all projects to create a fund for metering to
build funds.

A Install meters opportunistically in line with metering plan.

5.1.5 General Notes
The following comments should be noted when carrying out benchmarking or
assessments:

A Inall, 22 plants across the Chemical API, Biologics, Secondary and
Nutritionals sectors are represented where relevant on the graphs.

A Where a central system exists for a utility at a participant site, then the
results were shown for one plant only at the site. This is to ensure that
performance statistics are not distorted by the same system being included
more than once, and to maintain anonymity of the participants.

A Absorption chillers are not comparable to electric in any way and as such the
performance graphs for chilled water plants cover the electrical chilling
systems only.

A In the sections dealing with ACMV some of the graphs of secondary and
nutritional plants have been combined to preserve plant anonymity.

A “Wet Processing” refers to production areas where processing takes place in

liquid form (Solvent based API, Dairy/Milk processing) and “Dry Processing”

refers primarily to processing involving powders.
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5.2 Chilled Water

There are two KPIs typically used as follows:

KPI Priority
Chilled Water Generation Specific Energy (SE). 1
Chilled Water Distribution Temperature 2

Priority 1 KPI's are essential KPI's used to assess plant performance.

Priority 2 and 3 KPI’s are of lesser importance.

521

Chilled Water Generation Specific Energy (Se)

The following table describes the input data required to calculate this KPI, the typical

sources of data, as well as the key information that can be derived from the calculated

KPI.

Utility System
System KPI

KPI Units

Input data required for calculating KPI

Typical Sources for KPI/COP Input Data

1, 2, 3 refers to Data Source Order of Preference.
If data is available from first preference, then
sources 2 and 3 are for improvement potential /
cross check only. If first preference data is not
available, required data point should be derived
from preferences 2 and 3.

Calculation

Information from this KPI

26

CHILLED WATER
1. SE (Specific Energy)

| KW /KW, |

1. Chiller Water Flowrate (F) (kg/s)

2. Fluid Heat Capacity Cp (kJ/kgk)
3.Supply and Return Temperature Difference
(Tr-Sr)
4.Total System Electricity Consumption Qg (kW,)
readings for chiller, pumps and associated tower
water system

Flow Meter Readings (1)
Temperature and Pressure Gauge Readings (1)
Recorded log sheet data (2)

Control system screenshot printouts (2)
Chiller control panel readings. (2)

Control System Trends (1)

Chiller Make/Model Nr. and Performance Curve (2)
MCC Room Single Line Diagrams (3)
Equipment Power Consumption Readings (1)

Qrer = F*Cp*(Tr-Ts)
SE = Q&/Qrer

SE is a measure of the chilling plant efficiency. It
needs to include electrical consumption of the whole
system not just the chiller system itself e.g. if the
condensers are cooled by cooling tower water the
electrical consumption of the tower fans and cooling
water pumps must be included.
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CHW Specific Energy Q/Qrer (KW/kW)

Once the KPI is calculated, the below graph in can be used to benchmark against the
industry data set collated during the 2010 study. The graphs include a median value

across the sites measured, as well as a Best Practice Target Value for this KPI.

1 Chilled Water Generation Specific Energy (SE) - Target Specific Energy (0.17)
advised by NEA and based on plant design as follows:
0 Use of Centrifugal Chillers with HCFC 123 as refrigerant. (Note: Some
corporate policies may not permit the use of HCFC 123. Best practice target for
such sites would be 0.21).

0 Use of Variable Primary Loop Chilled Water Distribution.

Optimised Chilled Water systems (integrated generation and distribution demand
management) should, at a minimum, be capable of aligning energy consumption with
demand. Consequently, the target value should be applied across the operating range of

the systems.

Figure 5.2.17 Chilled Water Specific Energy i 2010 Data Set and Target Value
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522

Chilled Water Distribution Temperature

The following table describes the input data required to calculate this KPI, the typical

sources of data, as well as the key information that can be derived from the calculated

KPI.

Utility System
System KPI
KPI Units

Input data required for calculating KPI

Typical Sources for KPI/COP Input Data

1, 2, 3 refers to Data Source Order of Preference.
If data is available from first preference, then
sources 2 and 3 are for improvement potential /
cross check only. If first preference data is not
available, required data point should be derived
from preferences 2 and 3.

Calculation

Information from this KPI

CHILLED WATER
2. Set Temperature

deg C |

Supply set temperature

Building Management System Print-outs (1)
Equipment Microprocessor Readings (1)
Operational procedures (2)

Log Sheets (2)

No calculation required
Read directy from source

Set temperature is normally set by end user HVAC
requirements. Increasing the set temperature will
improve COP / chiller performance. Fouling of heat
exchangers and over specified user requirements will
result in a lower than needed set temperature.

Once the KPI is calculated, the below graph in can be used to benchmark against the

industry data set collated during the 2010 study. The graphs include a median value

across the sites measured, as well as a Best Practice Target Value for this KPI.

For Chilled Water Distribution Temperature the Best Practice Target Value is based on

the following:

' High Temperature Chilled Water is mainly used for ACMV applications. A

distribution temperature of +7°C (or higher) should be achievable with

appropriate cooling coil selections unless special requirements are present.
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Figure 5.
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Considerations

When reviewing systems some special considerations are listed below:

1

In order to detect possible erroneous readings on KPI's, when data is received,
ideally technical and historical cross checks should be carried out. This would
include:

0 Check that measured performance from flow and temperature readings
compares with performance and capacity data from equipment
MiCroprocessors.

0 Check that measured power consumption readings are aligned with
expected equipment power consumption readings from manufacturer’s
performance data at the measured conditions.

o If there are improvements or disimprovements in performance versus
historical data, check if there are known events on the system
(production changes, maintenance issues, upgrade projects etc.) which
would account for the changes in performance. If reason for change
cannot be identified, investigate data accuracy.

Physical symptoms of poor performance contributing to a poor KPI would be:

o Low utilisation of generation capacity.
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o Imbalance between pumping energy and thermal load (low
temperature difference relative to design, between flow and return
temperatures)

0 System technology selection (i.e. fixed speed equipment,
unsophisticated capacity control.)

0 Items running on manual rather than in automatic.

Fix speed centrifugal chillers running at low capacities leads to very high energy
demand relative to cooling requirement.

Invariably the sites with good performance are in a situation where their chiller
configuration allows for high loading on the units that are running.

Where systems operate at high flow and low delta T, there are imbalances
between flow and cooling thermal demand. An integrated approach to generation
and distribution system design/configuration is essential. For example the use of
variable speed drives on compressors or pumps is of no benefit unless
modulating control at user points where flow is proportional to thermal load is
used.

Where chillers and pumps are operated on 6.6kV electrical distribution,
implementation of capacity reduction measures can be difficult because variable
speed retro-fits on high tension systems can be expensive.

Particularly in Singapore, air-cooled chillers are considerably less efficient than
water cooled units.

When/if changing units, ammonia should be considered as a more sustainable
and efficient refrigerant.

There is a wide range in chilled water generation temperatures for a similar end
user requirements i.e. ACMV. This indicates some improvements could be made

by maximising the chilled water generation temperatures.

30

COMMON ASSESSMENT FRAMEWORK



5.3 Cooling Water

There are two KPlIs typically used as follows:

KPI Priority
Cooling Water Generation Specific Energy (SE). 1
Chilled Water Approach Temperature 2

Priority 1 KPI's are essential KPI's used to assess plant performance.
Priority 2 and 3 KPI’s are of lesser importance.

53.1

Cooling Water Generatio n Specific Energy (Se)

The following table describes the input data required to calculate this KPI, the typical

sources of data, as well as the key information that can be derived from the calculated

KPI.

Utility System
System KPI

KPI Units

Input data required for calculating KPI

Typical Sources for KPI/COP Input Data

1, 2, 3 refers to Data Source Order of Preference.
If data is available from first preference, then
sources 2 and 3 are for improvement potential /
cross check only. If first preference data is not
available, required data point should be derived
from preferences 2 and 3.

Calculation

Information from this KPI
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Cooling Water
Specific Energy

| KW e/kW+ |

1. Water Flowrate (F) (kg/s)

2. Water Heat Capacity Cp (kJ/kgk).

3.Supply and Return Temperatures Difference (Ts-
Tr)

4.Total System Electricity Consumption (kWe)
readings for fans and pumps.

- Flow Meter Readings (1)

- Temperature and Pressure Gauge Readings (1)

- Equipment Power Consumption Readings (1)

- Recorded log sheet data (2)

- Control system screenshot printouts, (2)

- Control System Trends (1)

- Cooling tower and Pump Make/Model Number
and Performance Curves( 3)

- MCC Room Single Line Diagrams (3)

- DCS Control System Print-outs (2)

- Process Cooling System P+ID's (2)

- Process Cooling System PFD's  (3)

kWt= F*Cp*(Ts-Tr)
SE = kWg/kW+

SE is a measure of the cooling water system
efficiency. It needs to include electrical consumption
of the whole system not just the tower fans system
itself .
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Once the KPI is calculated, the below graph can be used to benchmark against the
industry data set collated during the 2010 study. The graphs include a median value

across the sites measured, as well as a Best Practice Target Value for this KPI.

For Cooling Water Generation Specific Energy (SE) the Best Practice Target Value is
based on best practice plant design as follows:

1 Cooling Water Specific Energy: Cooling tower fan power consumption is based
on most energy efficient cooling tower selection to give a 2.25°C approach.
Pumping power consumption based on a 7°C difference between flow and return
temperature. This temperature gives the optimum balance between heat
exchanger surface area v.s. lower flow and pumping differential pressure for a
given heat rejection.

T Optimised cooling tower systems (integrated generation and distribution demand
management) should be capable of matching energy consumption in line with
demand. Arising from this, the target value should be applied across the range
of operational demand points of the systems.

Figure 5.3.1 7 Cooling Water Generation Specific Energy (SE)
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53.2

Cooling Water Approach Temperature

The following table describes the input data required to calculate this KPI, the typical

sources of data, as well as the key information that can be derived from the calculated

KPI.

Utility System
System KPI

KPI Units

Input data required for calculating KPI

Typical Sources for KPI/COP Input Data

1, 2, 3 refers to Data Source Order of Preference.
If data is available from first preference, then
sources 2 and 3 are for improvement potential /
cross check only. If first preference data is not
available, required data point should be derived
from preferences 2 and 3.

Calculation

Information from this KPI

Cooling Water
Approach Temperature

I degC |

Ambient Wet Bulb TWB °C
Cooling Water Supply Temperature CWS T°C

- Temperature Gauge Readings (1)

- Singapore Ambient Temperature Data (1)
- Control System Trends (1)

- Recorded log sheet data (2)

- Control system screenshot printouts, (2)

- Process Cooling System P+ID's (3)

- Process Cooling System PFD's (3)

CWS T°C - TWB °C

The closer the approach temperature the lower the
water supply temperature. Generally this maximises
the performance of the site cooling systems, however
a point arrives where the additional electrical
consumption to run fans outweighs any savings on
chiller system performance.

Once the KPI is calculated, the below graph can be used to benchmark against the
industry data set collated during the 2010 study. The graphs include a median value

across the sites measured, as well as a Best Practice Target Value for this KPI.
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For Cooling Water Approach Temperature the Best Practice Target Value is based on the

following:

1 Cooling Water Approach Temperature — The cooling water approach
temperature target value is derived by calculating the effect of varying cooling
tower approach temperatures, ranging from 1°C to 5°C, on overall chilled water
plant efficiency. An approach temperature of 2.25°C was found to be the best
balance between cooling water fan power consumption and chiller power
consumption. Calculation based on ASHRAE ambient design condition for

Singapore and best available technology equipment selection.

Figure 5.3.21 Cooling Water Approach Temperature
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5.3.3 Special Considerations

When reviewing systems some special considerations are listed below:

1 In order to detect possible erroneous readings on KPI's, when data is received,
ideally technical and historical cross checks should be carried out. This would
include:

0 Check that measured performance from flow and temperature readings
compares with performance and capacity data from equipment
Microprocessors.

0 Check that measured power consumption readings are aligned with
expected equipment power consumption readings from manufacturer’s
performance data at the measured conditions.

o If there are improvements or disimprovements in performance versus

historical data, check if there are known events on the system
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(production changes, maintenance issues, upgrade projects etc.) which
would account for the changes in performance. If reason for change
cannot be identified, investigate data accuracy.

1  Physical symptoms of poor performance contributing to a poor KPI would be:

o Consistently low approach temperatures (less than 2°C)

o Very high pump discharge pressures for distribution configuration.

o Imbalance between pumping energy and thermal load (low
temperature difference relative to design, between flow and return
temperatures)

0 System technology selection (i.e. fixed speed equipment,
unsophisticated capacity control.)

0 Items running on manual rather than in automatic.

1 Running very low approach temperatures on cooling towers contributes to poor
efficiency. The ideal economic approach temperature is between 2 and 2.5 °C for
Singapore. This achieves an optimum balance between fan power consumption
and chiller electricity consumption.

1 Running cooling tower fans in an attempt to achieve a cooling water temperature
below 2°C approach can be detrimental to performance.

1 If spare fan capacity is available, additional fans should be switched on when the
approach temperature rises above 2.5°C to reduce overall electricity
consumption associated with cold service generation.

1  Excess pumping is manifested by low temperature difference between flow and
return relative to design conditions. If flow cannot be reduced, in conjunction with
thermal demand, inefficiencies will occur.

1 Low utilisation factors on demand systems such as chillers, compressed air etc.
have a knock on effect on CTW pumping as supplying cooling water to an under
utilitised or non-functioning demand unit will result in high flow relative to thermal
demand.

1 Anintegrated approach to generation and distribution system
design/configuration is essential. For example the use of variable speed drives
on pumps is of no benefit unless modulating control at user points, where flow is
proportional to thermal load, is used.

1  Where a specific site approach temperature is close to the optimum but the
overall cooling water specific energy is high then it can be concluded that the

cooling tower fan energy is optimised but the pumping energy intensity is high.
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54 ACMV i Air Systems

There are five KPlIs typically used as follows:

KPI Priority
Air Change Per Hour 1
Fresh Air % 1
Specific Fan Power (SFP) 1
Temperature setpoint and range 2
RH setpoint and ranges 2

Priority 1 KPI's are essential KPI's used to assess plant performance.

Priority 2 and 3 KPI's are of lesser importance.

5.4.1 Air Change Per Hour

The following table describes the input data required to calculate this KPI, the typical

sources of data, as well as the key information that can be derived from the calculated

KPI.

Utility System
System KPI
KPI Units

Input data required for calculating KPI

Typical Sources for KPI/COP Input Data

1, 2, 3 refers to Data Source Order of Preference.
If data is available from first preference, then
sources 2 and 3 are for improvement potential /
cross check only. If first preference data is not
available, required data point should be derived
from preferences 2 and 3.

Calculation

Information from this KPI

36

ACMV
Air Change Per Hour

ACPH |

q = Room Airflow (m3/hr)
V = Room Volume (m3)

- Building management System (BMS) Printouts (1)

- Building Management System Settings. (1)

- ACMV ( Air Conditioning and Ventilation)
schematics (2)

- Commissioning reports (2)

ACPH = gV

Corporations typically set minimum air change rates
for specific room functions. Benchmark will help
identify the range of rates used and will help sites to
plan for reducing air change rates
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Once the KPI is calculated, the below graphs can be used to benchmark against the

industry data set collated during the 2010 study. The graphs include a median value

across the sites measured, as well as a Best Practice Target Value for this KPI.

Each section below shows the data points and an explanation of how best practice was

derived

Figure 5.4.1ai1 API Plants - Wet Process Area Air Changes per Hour

Operating Point Target — ISPE Baseline Guideline for API suggests 4 — 25 ACPH. Based

on industry best practice Operating Point Target of 6 ACPH is recommended. If there is a

risk of solvent spillage, solvent sensor and emergency response ventilation bringing

ACPH rate up to value necessary for required dilution rate should be provided. For

Manifold Changing Rooms a higher air change may be necessary because of the higher

likelihood of the presence of solvents than other wet process areas.
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Figure 5.4.1bi API Plants - Dry Production Area Air Changes per Hour

Operating Point Target -The rationale for 6 ACPH is the same as outlined for wet process

areas.
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Figure 5.4.1ci API Plants Corridors/Circulation Area Air Changes per Hour

Operating Point Target — ISPE Baseline Guideline for API suggests 4 — 25 ACPH. Based

on industry best practise Operating Point Target of 4 ACPH is recommended. This is also

the best practice recorded within the participant sites.
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Figure 5.4.1d i API Plants Technical Area Air Changes per Hour

Operating Point Target — ISPE Baseline Guideline for API suggests 4 — 25 ACPH. Based
on industry best practice an Operating Point Target of 4 ACPH is recommended. If there

is chemical storage included in technical area, ACPH rate should be driven by minimum

required dilution rate. Recommended method of chemical storing is in separate, ventilated

area.
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Figure 5.4.1e T Biologics Plants ISO7 Areas Air Changes per Hour

Operating Point Target - Operating Point Target is based on PM Group industry

experience.
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Figure 5.4.1f i Biologics Plants ISO8 Areas Air Changes per Hour

Operating Point Target - Operating Point Target is based on PM Group industry

experience. Case study where plant lowered its ISO8 air changes to 12 with no noticeable

increase in particulate counts.
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Figure 5.4.1g 1 Biologics Plants Non-Classified Areas Air Changes per Hour

Operating Point Target - Given that site 19 operates successfully at ACPH rate of 2 and

where this is enough to provide background ventilation and cooling load, an Operating

Point Target of 2ACPH is recommended
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Figure 5.4.1h 1 Secondary/Nutritional Plants High Care Areas Air Changes per Hour

Operating Point Target - Operating Point Target is based on PM Group industry

experience and industry norms.
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Fig. 5.4.1i T Secondary/Nutritional Plants Medium Care Areas Air Changes per Hour

Operating Point Target - Operating Point Target is based on PM Group clients’ experience

and industry norms.
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Fig. 5.4.1j i Secondary/Nutritional Plants Low Care Areas Air Changes per Hour

Operating Point Target - While one plant operates at 0.5ACPH an Operating Target Point

of 2 ACPH, based on industry norms, is recommended.
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Improving Efficiency

Special Considerations

When reviewing systems some special considerations are listed below:

il

In order to detect possible erroneous readings on KPI's, when data is received,

ideally technical and historical cross checks should be carried out. If there are

improvements or disimprovements in performance versus historical data, check if

there are known events on the system (production changes, maintenance
issues, projects etc.) which would account for the changes in performance. If
reason for change cannot be identified, investigate data accuracy.

Review fan differential pressures and power consumptions to check if measured
air-flow matches expected fan performance at the measured conditions.

There is a reasonably wide range in ACPH and airflow per unit floor area
between plants even within sectors.

For API Plants, best practice is to operate the ACMV air changes at the lowest
level required for normal ventilation and cooling with ramp up to a higher air
change rate when solvents are detected in the return air duct. This solution is a
corporate standard for many APl companies.

For Biologics, Nutritionals and Secondary Pharmaceuticals plants,
recommended Operating Target Points are based on other successfully
operating international plants and sites should review airflow requirement and
reduce ACPH where possible. Most companies will find that over time their
particulate levels in these areas are well below the limit of the ISO classification

and through risk assessment these can be lowered.
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54.2

Fresh Air (%)

The following table describes the input data required to calculate this KPI, the typical

sources of data, as well as the key information that can be derived from the calculated

KPI.
Utility System
System KPI

KPI Units

Input data required for calculating KPI

Typical Sources for KPI/COP Input Data

1, 2, 3 refers to Data Source Order of Preference.
If data is available from first preference, then
sources 2 and 3 are for improvement potential /
cross check only. If first preference data is not
available, required data point should be derived
from preferences 2 and 3.

Calculation

Information from this KPI

ACMV
Fresh Air %

% |

Qfa — total fresh air flow (I/s)
Qs — total supply air flow (I/s)

- Commissioning reports (1)

- Building Management System Printouts (1)

- ACMV ( Air Conditioning and Ventilation)
schematics (2)

- Building Management System Settings.(2)

Qfa/Qs

To determine what amount of fresh air is specified for
specific room functions. Minimising fresh air
requirements will greatly reduce energy intensity of
HVAC systems particularly cooling requirements.

Once the KPI is calculated, the below graphs can be used to benchmark against the

industry data set collated during the 2010 study. The graphs include a median value

across the sites measured, as well as a Best Practice Target Value for this KPI.

From an energy perspective the lower the quantity of fresh air, the less energy intensive

the ACMV system will be.

As percentage of fresh air flow is a good indicator of plant strategy, graphical

representations of this benchmark are included below. However, because this figure is

meaningless unless tied to total ACPH, an Operating Point Target for fresh air percentage

flow is not recommended.

An Operating Point Target is recommended on a separate graph showing fresh air flow

calculated as air changes per hour and is based on industry best practice
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Figure 5.4.2a - API Plants Wet Process Areas Fresh Air Flow %
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Figure 5.4.2b - API Plants Wet Process Areas Fresh Air ACPH
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Figure 5.4.2c - API Plants Dry Production Areas Fresh Air Flow %
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Figure 5.4.2d - API Plants Dry Production Areas Fresh Air ACPH
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Figure 5.4.2e - API Plants Corridors/Circulation Areas Fresh Air Flow %
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Figure 5.4.2f - API Plants Corridors/Circulation Areas Fresh Air ACPH
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Figure 5.4.2g - API Plants Technical Areas Fresh Air Flow %
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Figure 5.4.2h - API Plants Technical Areas Fresh Air ACPH
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Figure 5.4.2i - Biologics Plants Clean Areas Fresh Air Flow %
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Figure 5.4.2j - Biologics Plants Clean Areas Fresh Air ACPH
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Figure 5.4.2k 8 Biologics Plants Non Clean Areas Fresh Air Flow %
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Figure 5.4.21 & Biologics Plants Non Clean Areas Fresh Air ACPH
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Figure 5.4.2m - Secondary/Nutritional Plants Clean Areas Fresh Air Flow %
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Figure 5.4.2n - Secondary/Nutritional Plants Clean Areas Fresh Air ACPH
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Figure 5.4.20 & Secondary/Nutritional Plants Non-Clean Areas Fresh Air Flow %
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Fig. 5.4.2p 0 Secondary/Nutritional Plants Non-Clean Areas Fresh Air ACPH
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Special Considerations

When reviewing systems some special considerations are listed below:

il

In order to detect possible erroneous readings on KPI's, when data is received,
ideally technical and historical cross checks should be carried out. If there are
improvements or disimprovements in performance versus historical data, check if
there are known events on the system (production changes, maintenance
issues, upgrade projects etc.) which would account for the changes in
performance. If reason for change cannot be identified, investigate data
accuracy.
Review temperature profiles and control valve positions on Air Handling Units
sections to support measured air flow patterns.
There is wide range in fresh air flow between plants across all sectors.
API Plants located in more tempered climate zones usually operate once-
through AHU systems. In Singapore, due to high cooling/dehumidification cost
some plants introduced recirculation even in areas where solvents are present.
The focus areas to improve performance should be:
o Fresh air flow requirement is determined by personnel (for breathing),
process extract and general ventilation to control solvents.
o Fresh air flow should be reduced to lowest acceptable level as this has
the biggest impact on air conditioning energy costs.
o For plant rooms and other technical areas extract fan and air intake

louvers should be considered (i.e. no air conditioning).
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5.4.3 Specific Fan Power

The following table describes the input data required to calculate this KPI, the typical

sources of data, as well as the key information that can be derived from the calculated

KPI.
Utility System
System KPI

KPI Units

Input data required for calculating KPI

Typical Sources for KPI/COP Input Data

1, 2, 3 refers to Data Source Order of Preference.
If data is available from first preference, then
sources 2 and 3 are for improvement potential /
cross check only. If first preference data is not
available, required data point should be derived
from preferences 2 and 3.

Calculation

Information from this KPI

ACMV
Specific Fan Power (SFP)

kwe/m3/s |

P = Power consumed by fans in each system (kWe)
V = Supply Volumetric Flowrate for the HVAC System
(m3/s)

- Print out from Power Monitoring system (1)
- BMS printouts showing Flowrates (1).

- Reading from VSD displays (2)

- Current measurement from MCC (2)

- ACMV schematics (2)

- Layout drawings (2)

- Commissioning data. (3)

SFP = PV

This KPI indicates the electrical energy intensity of
moving air in a HVAC system. Poor or complicated
duct design, excessive air filtration and inefficient fan
motors will result in high values.

Once the KPI is calculated, the below graphs can be used to benchmark against the

industry data set collated during the 2010 study. The graphs include a median value

across the sites measured, as well as a Best Practice Target Value for this KPI.

Operating point target for SFP is consistent with the approach used on similar energy

efficient design projects. Building Regulation in many European countries recommend

following values:

T 2.5 kW/m3/s for ventilation with normal filtration level

T 3.0 kW/m3/s for ventilation with HEPA filters.
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Figure 5.4.3a - API Plants Specific Fan Power
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Figure 5.4.3b - Biologics Plants Specific Fan Power
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Figure 5.4.3c - Secondary/Nutritional Plants Specific Fan Power

Secondary/Nutritional Plant SFP (kW/m#As)
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Special Considerations

When reviewing systems some special considerations are listed below:

il

In order to detect possible erroneous readings on KPI's, when data is received,
ideally technical and historical cross checks should be carried out. If there are
improvements or disimprovements in performance versus historical data, check if
there are known events on the system (production changes, maintenance
issues, upgrade projects etc.) which would account for the changes in
performance. If reason for change cannot be identified, investigate data
accuracy.

Review fan differential pressures and power consumptions to check if measured
air-flow matches expected fan performance at the measured conditions.
Specific Fan Power is ‘inherited’ from the design stage and cannot be easily
reduced in operation.

For plants where SFP exceed best practice the practical focus areas to improve
performance should be:

o Review and minimize airflow requirements. Refer to previous sections
for appropriate references.

o Review and minimize filtration requirement. For room with briefly
exposed or exposed product in API plants, minimum level of filtration
proposed by ISPE Baseline Guide is MERV 13 or F7. HEPA filter is
required only when air is returned from multiple production areas. To
minimise energy usage filtration should be set at minimum acceptable

level. Refer to “Best Practice Guide” for more information.
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o For Biologics plants non-classified areas and low care areas in
nutritional/secondary plants ISPE Baseline Guide recommends
reducing filtration level to F7, even on controlled, non-classified areas
design to achieve Class 100,000 at rest.

0 SFP can also be reduced by retrofitting more efficient fan, motor and/or

drive systems. However these solutions are more expensive.
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544 Temperature Set -Point

The following table describes the input data required to calculate this KPI, the typical

sources of data, as well as the key information that can be derived from the calculated

KPI.
Utility System
System KPI

KPI Units

Input data required for calculating KPI

Typical Sources for KPI/COP Input Data

1, 2, 3 refers to Data Source Order of Preference.
If data is available from first preference, then
sources 2 and 3 are for improvement potential /
cross check only. If first preference data is not
available, required data point should be derived
from preferences 2 and 3.

Calculation

Information from this KPI

ACMV
Temperature Setpoint

degC |

BMS Control Setpoints

- Building management System (BMS) Printouts (1)

- Building Management System Settings. (1)

- ACMV ( Air Conditioning and Ventilation)
schematics (2)

- Commissioning reports (2)

No Calculation - Directly from Data Collected

What is the range of temperature setpoints and
temperature control bands for specific room
functions? Benchmark data will help companies to
plan for increasing cooling control setpoints and
widening control bands

Once the KPI is calculated, the below graphs can be used to benchmark against the

industry data set collated during the 2010 study. The graphs include a median value

across the sites measured, as well as a Best Practice Target Value for this KPI.

Each section below shows the data points and an explanation of how best practice was

derived.
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Figure 5.4.4ai API Plants - Wet Process Areas Temperature

Operating Point Target — ISPE Baseline Guideline for API suggests 20 — 25°C as an

appropriate temperature control band. This band is for occupant comfort only. The low

end of the range is intended to minimise heating demand while the high end is intended to

minimise cooling demand. Given the temperature is for occupant comfort and Plant 8

operates successfully at 26°C an operating point target of 26°C is recommended.
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Figure 5.4.4b i API Plants - Dry Process Areas Temperature

Operating Point Target - The rationale for 25°C is the same as outlined for wet process

areas. The assumption here is that ‘significant coverage’ gowning as described in the API

ISPE Guideline is not required.
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Figure 5.4.4c i API Plants - Corridors/Circulation Areas Temperature

Operating point Target - The rationale for 26°C is the same as outlined for wet process

areas.
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Figure 5.4.4d i API Plants - Technical Areas Temperature

Operating Point Target - For technical areas there are no regulatory requirements and the

operating point target is based on current best practice in Singapore (i.e. plants 9 & 14)

which is 32°C.
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Figure 5.4.4e 1 Biologics Plants - ISO 7 Areas Temperature

Operating Point Target - The ISPE Guideline for Biologics facilities suggests a

temperature range of 18 — 21°C. Unless there is a product requirement for a lower

temperature then the high end of the range should be used for the Operating Target Point.
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Figure 5.4.4f i Biologics Plants - ISO 8 Areas Temperature

Operating Point Target - The ISPE Guideline for Biologics facilities suggests a

temperature range of 18 — 21°C. Unless there is a product requirement for a lower

temperature then the high end of the range should be used for the Operating Target Point.
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Figure 5.4.4g i Biologics Plants - Non-Classified Areas Temperature

Operating Point Target -The temperature in non-classified areas should be set based on

occupant comfort requirements only and therefore 25°C is the suggested Operating

Target Point. This is the best practice from the participant sites. Higher temperatures may

be acceptable for areas with infrequent occupancy.

A Koaualoiyyg buinoidwy

(Q) aunresadwa] sealy paljisse|D-UON yoalolg

Plant Identity Code

Target Line

Temperature —-—-—Median Line

*

Figure 5.4.4h 1 Secondary/Nutritional Plants - High Care Areas Temperature

Note: In terms of ACPH and filtration levels these areas are broadly equivalent to ISO8.

Operating Point Target - Temperature requirements in these areas are generally driven by

operator comfort. Based on best practice in participating plants an operating target point of

23°C is recommended.
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Figure 5.4.4i 1 Secondary/Nutritional Plants - Medium Care Areas Temperature

Note: Based on ACPH and filtration level these areas are equivalent to pharmaceutical
clean, non-validated areas.

Operating Point Target - Temperature requirements in these areas are generally driven by
operator comfort. Based on best practice in participating sites an Operating Target Point of
25°C is recommended.
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Figure 5.4.4j 1 Secondary/Nutritional Plants - Low Care Areas Temperature

Note: Based on ACPH and filtration level these areas are equivalent to pharmaceutical

non-classified areas.

Operating Point Target - Temperature requirements in these areas are generally driven by

operator comfort. While one site operates at 28°C an Operating Target Point of 25°C is

recommended. Higher temperatures may be acceptable for areas with infrequent

occupancy.
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Special Considerations

When reviewing systems some special considerations are listed below:

1

In order to detect possible erroneous readings on KPI's, when data is received,
ideally technical and historical cross checks should be carried out. If there are
improvements or disimprovements in performance versus historical data, check if
there are known events on the system (production changes, maintenance
issues, upgrade projects etc.) which would account for the changes in
performance. If reason for change cannot be identified, investigate data
accuracy.

Review control valve positions for consistency with temperatures, i.e. if air
temperature decreases across a cooling coil, and the cooling water control valve
is showing 100% closed, there is a problem either with the measuring instrument

or the valve.

1 For specific room functions and classification there is a significant variation in room

temperature between plants. In the majority of cases this is driven by occupant

comfort and not by process requirements.

1 The focus areas to improve performance should be:

(0]

If the temperature is a critical parameter it should be controlled according to
process requirements. For example, temperature may be determined by process
requirement in areas where product is exposed. The extent of the temperature
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range may decrease as the exposure time increases. However the majority of
processes are performed in closed systems, where surrounding space
temperature is not a critical parameter. i.e. occupant comfort only

Where room temperature control is provided for occupants’ comfort it should be
kept within 20 to 25°C range for no gowning or standard gowning and 18 to 21°C
range for heavy gowning as per ISPE Baseline Guide. However as Singapore is
located in tropical climate zone, a higher range of temperature may be applied.
For example some of the API plants successfully run their operation with
temperature set to 26 °C in wet areas and corridors, or some
secondary/nutritional plants have temperature controlled to 28 °C in non-clean
areas.

To minimize energy usage for temperature control, temperature should be set at
the highest acceptable level.

In rooms with infrequent occupancy there should be no temperature control with
option of manually turning cooling on before period of occupancy.

Where room temperature set-points are raised the air temperature after the
cooling coil should be raised by the same margin so as to effect energy savings.
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545 Humidity Set -Point

The following table describes the input data required to calculate this KPI, the typical

sources of data, as well as the key information that can be derived from the calculated

KPI.
Utility System
System KPI

KPI Units

Input data required for calculating KPI

Typical Sources for KPI/COP Input Data

1, 2, 3 refers to Data Source Order of Preference.
If data is available from first preference, then
sources 2 and 3 are for improvement potential /
cross check only. If first preference data is not
available, required data point should be derived
from preferences 2 and 3.

Calculation

Information from this KPI

ACMV
Relative Humidity Setpoint

[ % RH |

BMS Control Setpoints

- Building management System (BMS) Printouts (1)

- Building Management System Settings. (1)

- ACMV ( Air Conditioning and Ventilation)
schematics (2)

- Commissioning reports (2)

No Calculation - Directly from Data Collected

What is the range of Humidity setpoints and humidity
control bands for specific room functions?
Benchmark data will help companies to plan for
increasing humidity control setpoints and widening
control bands

Once the KPI is calculated, the below graphs can be used to benchmark against the

industry data set collated during the 2010 study. The graphs include a median value

across the sites measured, as well as a Best Practice Target Value for this KPI.

Each section below shows the data points and an explanation of how best practice was

derived.
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Figure 5.4.5a1 API Plants - Wet Process Areas Humidity

Operating Point Target - Generally, data in figure 5.4.5.a is taken from plant design

documents. Most API facilities do not monitor %RH in wet areas. An Operating Target

Point of 70% is recommended.
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Figure 5.4.5b 1 API Plants - Dry Process Areas Humidity

Operating Point Target - Typically this data is taken from BMS where available, otherwise

it is taken from plant design documents. Unless there is significant gowning or a product

requirement an Operating Target Point of 65% should be acceptable for occupant

comfort.
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Figure 5.4.5c i API Plants - Corridors/Circulation Areas Humidity

Operating Point Target - The Operating Target Point is driven by operator comfort.
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Figure 5.4.5d i API Plants - Technical Areas Humidity

Operating Point Target - The Operating Target Point is driven by operator comfort (70%).

Some plants do not air condition these areas at all.
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Figure 5.4.5e i Biologics Plants - ISO7 Areas Humidity

Operating Point Target - Industry norms for ISO 7 areas in Biotech is maximum 55%RH
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Figure 5.4.5f i Biologics Plants - ISO 8 Areas Humidity

Operating Point Target -Industry best practice for ISO 8 areas in Biologics is maximum

60%RH as it is less critical that ISO 7
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Figure 5.4.5g 1 Biologics Plants - Non-Classified Areas Humidity

Operating Point Target - The Operating Target Point is driven by operator comfort (65%)

as is based on industry best practice.
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Figure 5.4.5h i Secondary/Nutritional Plants. High Care Areas Humidity

Operating Point Target - For product reasons many secondary and nutritional plants

require low %RH in process rooms. No Operating Target Point can be recommended for

this reason. Where there is no product requirement humidity should be controlled for

operator comfort i.e. 60%
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Figure 5.4.5i i Secondary/Nutritional Plants - Medium Care Areas Humidity

Operating Point Target - Generally there is no product requirement for humidity control in

these areas and so humidity should be controlled for operator comfort i.e. 65%. Product

reasons may require lower %RH in these rooms, for example plant 5 in the graph below.
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Figure 5.4.5k i Secondary/Nutritional Plants - Low Care Areas Humidity

Operating Point Target -The Operating Target Point is driven by operator comfort (65%)

as is based on industry best practice.
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Special Considerations

When reviewing systems some special considerations are listed below:

1l

In order to detect possible erroneous readings on KPI's, when data is received,
ideally technical and historical cross checks should be carried out. If there are
improvements or disimprovements in performance versus historical data, check if
there are known events on the system (production changes, maintenance
issues, upgrade projects etc.) which would account for the changes in
performance. If reason for change cannot be identified, investigate data
accuracy.

Review control valve positions for consistency with temperatures, i.e. if air
temperature decreases across a cooling coil, and the cooling water control valve
is showing 100% closed, there is a problem either with the measuring instrument

or the valve.

/1
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5.5 Process Cooling
There are three KPIs typically used as follows:
KPI Priority
Process Cooling Specific Energy (SE) 1
Process Cooling COP (Co-efficient of Performance) — Process Cooling COP 1
is the inverse of process cooling specific energy.
Process Cooling Supply temperature 1

Priority 1 KPI's are essential KPI's used to assess plant performance.

Priority 2 and 3 KPI’s are of lesser importance.

55.1 Process Cooling KPI Assessment

The following table describes the input data required to compare these KPI’s, the typical

sources of data, as well as the key information that can be derived from the calculated

KPI.

System KPI

KPI Units

Input data required for calculating KPI

Typical Sources for KPI/COP Input Data

1, 2, 3 refers to Data Source Order of Preference.
If data is available from first preference, then
sources 2 and 3 are for improvement potential /
cross check only. If first preference data is not
available, required data point should be derived
from preferences 2 and 3.

Calculation

Information from this KPI

12

Specific Energy Cooling

| KW /kW |

1. Coolant Flowrate (F) (kg/s)
2. Fluid Heat Capacity Cp (kJ/kgk)
3.Supply and Return Temperatures
Difference (Tr-sr)
4.Total System Electricity
5. Consumption (kWe) readings for chiller, pumps
and associated tower water system

- Flow Meter Readings (1)

- Temperature and Pressure Gauge Readings (1)

- Recorded log sheet data (2)

- Control system screenshot printouts, (2)

- Chiller control panel readings. (2)

- Control System Trends (1)

- Chiller and Pump Make/Model Number and
Performance Curves (3)

- MCC Room Single Line Diagrams (3)

- Equipment Power Consumption Readings (1)

- DCS Control System Print-outs (2)

- Process Cooling System P+ID's (2)

- Process Cooling System PFD's  (3)

kWt= F*Cp*(Tr-Ts)
SE=KW/kW+

Specific Energy is a measure of the cooling plant
efficiency. It needs to include electrical consumption
of the whole system not just the chiller system itself.
e.g. If the condensers are cooled by cooling tower
water the electrical consumption of the tower fans
and cooling water pumps must be included. Note:
Process Cooling Coefficient of Performance (C.O.P.)
is the inverse of S.E.
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Once the KPI is calculated, the below graph in can be used to benchmark against the industry data set

collated during the 2010 study. The graphs include a median value across the sites measured, as well

as a Best Practice Target Value for this KPI.

1 Process Cooling Generation Specific Energy (SE) and Coefficient of performance

(C.0.P.) - Target Specific Energy and COP based on best practice plant design as

follows:

(o]

Cooling Tower water available at 30°C in accordance with target
efficiency outlined in Section 4.2 and Singapore NEA meteorological
data;

Compressor condensing at no greater than 6°C above cooling water
available. Water cooled oil cooling and VSD on compressor pack.
Flooded Plate Heat Exchanger Evaporator evaporating at no less than
3°C below coolant outlet temperature;

Use of industrial screw compressors;

Use of Ammonia refrigerant which is more energy efficient and more
sustainable than HFC’s.

Pumping differential no greater than 3.0 barg across entire system.

f Optimised Process Cooling systems (integrated generation and distribution demand

management) should be capable of at a minimum reducing energy consumption in line

with demand. Arising from this, the target value should be applied across the range

of operational demand points of the systems.

The following graphs show the performance of the individual sites relative to each other

and relative to a target value based on best practice.

The graphs in this section plot process fluid temperature against S.E. or C.O.P with a data

point identified for each plant. This is necessary as the energy performance varies

significantly with temperature, and a best practice trend line has been plotted to illustrate

the distance to best practice in energy performance at different supply temperatures.

Both S.E and COP graphs are presented as the COP graph illustrates the relative

distance to target of the plant more clearly than the S.E graph.
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Figure 5.5.11 Process Cooling Specific Energy
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5.5.2 Special Considerations

When reviewing systems some special considerations are listed below:

1 In order to detect possible erroneous readings on KPI's, when data is received,
ideally technical and historical cross checks should be carried out. This would
include:

0 Check that measured performance from flow and temperature readings
compares with performance and capacity data from equipment
microprocessors.

0 Check that measured power consumption readings are aligned with
expected equipment power consumption readings from manufacturer’s
performance data at the measured conditions.

o If there are improvements or disimprovements in performance versus
historical data, check if there are known events on the system
(production changes, maintenance issues, upgrade projects etc.) which
would account for the changes in performance. If reason for change
cannot be identified, investigate data accuracy.

1 Physical symptoms of poor performance contributing to a poor KPI would be:

o Low utilisation of generation capacity.

o Imbalance between pumping energy and thermal load (low
temperature difference relative to design, between flow and return
temperatures)

0 System technology selection (i.e. fixed speed equipment,
unsophisticated capacity control.)

0 Items running on manual rather than in automatic.

0o Compressor Saturated Suction pressures greater than 10°C below the
fluid outlet temperature can indicate heat exchanger fouling.

0o Compressor Saturated Condensing Temperatures consistently above
15 BarG on R22 or R717 systems indicates problems with heat
rejection and excess energy consumption.

1  With the exception of some outliers, the trend of increasing temperature /
reducing energy consumption can be seen. Therefore a key opportunity is to
increase the operating temperature to the highest level possible.

1 There is a notable issue, particularly within the pharmaceutical sector, of
excessive generation capacity and associated inefficient running. In many cases
the main chillers are running in the 20 — 50% load range on fixed speed
compressors. This is one of the main contributors to poor energy performance.

1 In many systems, the largest component of the base load is the pumping energy
associated with circulating the process fluids. Many designs do not currently
have the capacity to reduce hydraulic load with thermal load. This is common
particularly on older process systems.

1  The above issues are not specific to Singapore, and are a challenge to the API
industry worldwide.
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Using chilled water as the condensing fluid in chillers as opposed to cooling
water may save on process cooling compressor power consumption, but results
in very poor energy performance when all electricity consumption associated
with the system is taken into account.

When/if changing units, ammonia should be considered as a more sustainable
and efficient refrigerant. Ammonia is widely used as a refrigerant in industrial
process cooling systems.

Invariably the sites with good performance are in a situation where their chiller
configuration allows for high loading on the units that are running.

Where systems operate at high flow and low delta T, there are imbalances
between flow and cooling thermal demand. An integrated approach to generation
and distribution system design/configuration is essential. For example the use of
variable speed drives on compressors or pumps is of no benefit unless
modulating control at user points where flow is proportional to thermal load is
used.

Where chillers and pumps are operated on 6.6kV electrical distribution,
implementation of capacity reduction measures can be difficult because variable
speed retro-fits on high tension systems can be expensive.

Particularly in Singapore, air-cooled chillers are considerably less efficient than

water cooled units.
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5.6 Compressed Air

There are four KPIs typically used as follows:

KPI Priority
Compressed Air Set Pressure 1
Compressed Air Set Dew-Point 2
Compressed Air Generation Specific Energy (SE) 1
Compressed Air Per Unit Floor Area 2

Priority 1 KPI's are essential KPI's used to assess plant performance.

Priority 2 and 3 KPI's are of lesser importance.

5.6.1 Compressed Air Set Pressure

The following table describes the input data required to calculate this KPI, the typical

sources of data, as well as the key information that can be derived from the calculated

KPI.

Utility System
System KPI

KPI Units

Input data required for calculating KPI

Typical Sources for KPI/COP Input Data

1, 2, 3 refers to Data Source Order of Preference.
If data is available from first preference, then
sources 2 and 3 are for improvement potential /
cross check only. If first preference data is not
available, required data point should be derived
from preferences 2 and 3.

Calculation

Information from this KPI

(&4

Compressed Air

Barg |

Supply Set Pressure

- Compressed Air specification (1)
- Process User Requirement Specification (2)
- Quality Assurance Requirements (3)

Not Applicable

Defined by End User Requirement i.e. Minimum
Pressure to drive instrument. Higher Pressure
increases energy consumption
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Once the KPI is calculated, the below graph in can be used to benchmark against the

industry data set collated during the 2010 study. The graphs include a median value

across the sites measured, as well as a Best Practice Target Value for this KPI.

For Compressed Air Set Pressure the Best Practice Target Value is based on best

practice plant design as follows:

1 Compressed Air Set Pressure — From PM design and operational experience,

unless required for an unusual application, a generation pressure of 6.5 Barg

should be possible for instrument and process air if there is adequate buffer

capacity in the system.

Figure 5.6.17 Compressed Air Set Pressure
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5.6.2 Compressed Air Set Dew Point

The following table describes the input data required to calculate this KPI, the typical
sources of data, as well as the key information that can be derived from the calculated

KPI.
Utility System Compressed Air
KPI Units | °C |
Input data required for calculating KPI Set Dew Point
Typical Sources for KPI/COP Input Data - Compressed Air specification (1)
- Process User Requirement Specification (2)
1, 2, 3 refers to Data Source Order of Preference. - Quality Assurance Requirements (3)

If data is available from first preference, then
sources 2 and 3 are for improvement potential /
cross check only. If first preference data is not
available, required data point should be derived
from preferences 2 and 3.

Calculation Not Applicable

Information from this KPI Defined by End User Requirement. Lower dew point
increases energy consumption.

Once the KPI is calculated, the below graph in can be used to benchmark against the
industry data set collated during the 2010 study. The graphs include a median value

across the sites measured, as well as a Best Practice Target Value for this KPI.

For Compressed Air Dew Point the Best Practice Target Value is based on best practice

plant design as follows:
1 Compressed Air Set Dew Point — unless required for an unusual application, a

generation pressure of 6.5 Barg should be possible for instrument and process air

if there is adequate buffer capacity in the system.
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Figure 5.6.2 7 Compressed Air Dew-Point
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5.6.3 Compressed Air Specific Energy

The following table describes the input data required to calculate this KPI, the typical
sources of data, as well as the key information that can be derived from the calculated

KPI.

Utility System
System KPI

KPI Units

Input data required for calculating KPI

Typical Sources for KPI/COP Input Data

1, 2, 3 refers to Data Source Order of Preference.
If data is available from first preference, then
sources 2 and 3 are for improvement potential /
cross check only. If first preference data is not
available, required data point should be derived

Compressed Air
Specific Energy

kWhe/Nm3 |

1. Average Air consumption Rate Qa (Nm3/hr)

2.Ave Elec Consumption of compressor and chilled
water supplied to compressed air system (kWe)

- Meter readings (1)

- Compressor plant running logs (2)

- control system screenshots (2)

- PSA equipment specifications (3)

- Control system screenshot printouts, (2)
- Control System Trends (1)

- Drier and Compressor Make/Model

from preferences 2 and 3. Number and Performance Curves (3)

- MCC Room Single Line Diagrams (3)

- Equipment Power Consumption Readings (1)
- DCS Control System Print-outs (2)

- System P+ID's (2)

- System PFD's (2)

Calculation Kwe/Qa

Information from this KPI Specific Energy for compressed air systems can be

compared and used similar to other COPs.

Once the KPI is calculated, the below graph in can be used to benchmark against the
industry data set collated during the 2010 study. The graphs include a median value

across the sites measured, as well as a Best Practice Target Value for this KPI.

For Compressed Air Specific Energy, the Best Practice Target Value is based on best
practice plant design as follows:

1 Compressed Air Specific Energy Target — Compressed Air Specific Energy target
is based on best technology system design as follows:
0 Water-Cooled Variable Speed Oil Free Air Compressor.

o Cooling Water used for Oil Cooling.

0 Heat reactivated adsorption dryers
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Figure 5.6.3 1 Compressed Air Specific Energy
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5.6.4 Compressed Air Usage Per Production Floor Area

The following table describes the input data required to calculate this KPI, the typical
sources of data, as well as the key information that can be derived from the calculated

KPI.

Utility System
System KPI

KPI Units

Input data required for calculating KPI

Typical Sources for KPI/COP Input Data

1, 2, 3 refers to Data Source Order of Preference.
If data is available from first preference, then
sources 2 and 3 are for improvement potential /
cross check only. If first preference data is not
available, required data point should be derived
from preferences 2 and 3.

Calculation

Information from this KPI

Compressed Air
Air Per Production Floor Area

Nm®m? |

1. Air consumption per annum Fa (Nm3/annum)

2.Production Floor Area (m?)

- Meter readings (1)

- Area from site Drawings (1)

- compressor plant running logs (2)
- control system screenshots (3)

Fa/Area

This is a measure of air consumption intensity.
Compressed air primarily used to drive pneumatic
instruments/equipment and provide breathing air in
production plants. It is generally not consumed
directly in the process. Comparing on a per floor area
of production plant allows different plants to be
benchmarked

Once the KPI is calculated, the below graph in can be used to benchmark against the

industry data set collated during the 2010 study. The graphs include a median value

across the sites measured. It is not possible to calculate a best practice target value in

this case, as all sectors have varying usages.
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Figure 5.6.4 7 Compressed Air Per Unit Floor Area
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5.6.5 Special Considerations

When reviewing systems some special considerations are listed below:

il

In order to detect possible erroneous readings on KPI's, when data is received,

ideally technical and historical cross checks should be carried out. This would

include:

o

Check that measured performance from flow and pressure readings
compares with performance and capacity data from equipment
microprocessors.

Check that measured power consumption readings are aligned with
expected equipment power consumption readings from manufacturer’s
performance data at the measured conditions.

If there are improvements or disimprovements in performance versus
historical data, check if there are known events on the system
(production changes, maintenance issues, upgrade projects etc.) which
would account for the changes in performance. If reason for change

cannot be identified, investigate data accuracy.

Physical symptoms of poor performance in a compressed air plant room are

manifested as follows:

(0]

o

o

Excessive cycling of compressors between load and unload.
Excessive venting of compressors in unload.

Excessive modulation of VSD compressor.
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0 Audible venting of air, whether from moisture traps or compressor
vents.
0 Excessive switching of dryers between columns.
0 System technology selection (i.e. fixed speed equipment,
unsophisticated capacity control.)
0 Items running on manual rather than in automatic.
o “Saw Tooth” patterns on flow and pressure profiles.
Very low dew-points are symptomatic of low level controls, high installed
capacity and low demand.
As per other utility systems, low load factors on equipment are the main
contributor to inefficiencies.
Using chilled water for compressor oil cooling and drier cooling is less efficient
when all electricity consumption associated with compressed air production is
taken into account.
API sites have a large compressed air usage per m? compared to other facilities.
This is not surprising given the high level of air driven instrumentation on
systems.
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57 Steam Thermal

There are three KPIs typically used as follows:

KPI Priority
Steam Generation Pressure 1
% Condensate Recovery 1
Thermal Generation Efficiency (T.G.E.) 1

Priority 1 KPI's are essential KPI's used to assess plant performance.

Priority 2 and 3 KPI's are of lesser importance.

57.1 Steam Generation Pressure

The following table describes the input data required to calculate this KPI, the typical

sources of data, as well as the key information that can be derived from the calculated

KPI.

Utility System
System KPI
KPI Units

Input data required for calculating KPI

Typical Sources for KPI/COP Input Data

1, 2, 3 refers to Data Source Order of Preference.
If data is available from first preference, then
sources 2 and 3 are for improvement potential /
cross check only. If first preference data is not
available, required data point should be derived
from preferences 2 and 3.

Calculation

Information from this KPI

86

Steam/Thermal Systems

BarG |

Steam Supply Set Pressure

- Temperature and Pressure Gauge Readings (1)

Not Applicable

Set pressure set by end user, eg Process
Temperature requirements. Increased pressures are
required for higher temperatures. Higher set
pressures reduce the efficiency of the boiler system.
Fouling of heat exchangers and over specified user
requirements will result in higher than needed set
pressure.
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Once the KPI is calculated, the below graph in can be used to benchmark against the

industry data set collated during the 2010 study. The graphs include a median value

across the sites measured, as well as a Best Practice Target Value for this KPI.

For Steam Generation pressure, the Best Practice Target Value is based on best practice

plant design as follows:

Steam generation Pressure - Unless required for an unusual application, a

1

generation pressure of 6.0 Barg is possible for APl and Biologics plants with

appropriate down-stream equipment selections and electronic boiler controls.

Figure 5.7.1 7 Steam Generation Pressure
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5.7.2 % Condensate Recovery

The following table describes the input data required to calculate this KPI, the typical

sources of data, as well as the key information that can be derived from the calculated

KPI.

Utility System
System KPI

KPI Units

Input data required for calculating KPI

Typical Sources for KPI/COP Input Data

1, 2, 3 refers to Data Source Order of Preference.
If data is available from first preference, then
sources 2 and 3 are for improvement potential /
cross check only. If first preference data is not
available, required data point should be derived
from preferences 2 and 3.

Calculation

Information from this KPI

Steam/Thermal Systems
Condensate Recovery

I % |

1. Water Make Up Rate corrected for blowdown (Fw)
kg/s
2. Steam Produced (Fst) kg/s

- Flow Meter Readings (1)

- Recorded log sheet data (2)

- Control system screenshot printouts, (2)

- Water Consumption Data (2)

- Control System Trends (1)

- Pump Make/Model Number and
Performance Curves (3)

- MCC Room Single Line Diagrams (3)

- Equipment Power Consumption Readings (1)

- DCS Control System Print-outs (2)

- Process Heating System P+ID's (2)

- Process Heating System PFD's (3)

100* (1-Fw)/Fst

Low recovery efficiencies will reduce overall steam
system efficiencies and also increase plant water
consumption.

Once the KPI is calculated, the below graph in can be used to benchmark against the

industry data set collated during the 2010 study. The graphs include a median value

across the sites measured, as well as a Best Practice Target Value for this KPI.

For % Condensate Recovery, the Best Practice Target Value is based on best practice

plant design as follows:

1 Condensate Recovery - Target on large sites should be to recover 85% of

condensate where risk of contamination is not present.
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Figure 5.7.21 % Condensate Recovery

100

80
70 A

1% - A19N028Y d1eSuapuo)d

Plant Identity Code

Pharma Good Practice

—-—-—Median Line

% Recovery

L g

89

COMMON ASSESSMENT FRAMEWORK



5.7.3 Thermal Generation Efficiency

The following table describes the input data required to calculate this KPI, the typical

sources of data, as well as the key information that can be derived from the calculated

KPI.

Utility System
System KPI

KPI Units

Input data required for calculating KPI

Typical Sources for KPI/COP Input Data

1, 2, 3 refers to Data Source Order of Preference.
If data is available from first preference, then
sources 2 and 3 are for improvement potential /
cross check only. If first preference data is not
available, required data point should be derived
from preferences 2 and 3.

Calculation

Information from this KPI

Once the KPI is calculated, the below graph in can be used to benchmark against the

Steam/Thermal Systems
Thermal Generation Efficiency

%

1.Fuel Input Rate Ff(KW)
2.Steam Output Fst (kg/s)
3.Enthalpy Difference per kg Steam (Hst) (KJ)

- Flow Meter Readings (1)

- Temperature and Pressure Gauge Readings (1)

- Recorded log sheet data (2)

- Control system screenshot printouts, (2)

- Fuel Usage Records or Bills (2)

- Control System Trends (2)

- Boiler and Pump Make/Model Number and
Performance Curves (3)

- DCS Control System Print-outs (2)

- Process Heating System P+ID's (2)

- Process Heating System PFD's (3)

100*Fst*Hst/Ff

This is the main COP for boiler systems and can be
used for comparison of plants as for other utility
system COPs

industry data set collated during the 2010 study. The graphs include a median value

across the sites measured, as well as a Best Practice Target Value for this KPI.
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For Thermal Generation Efficiency, the Best Practice Target Value is based on best

practice plant design as follows:

Target Plant Steam Generation Efficiency (Gross) is based on the following;

1

Steam Generated at 6.0Barg

(o]

85% Condensate Recovery @ 80°C

Natural Gas Firing

(0]

(o]

Direct Digital Combustion Control.

(o]

Oxygen Trim Control.

(0]

Economiser on Flue Stack

(o]

Spray Head De-Aerator on Feed-Water Tank

(o]

Figure 5.7.3 1 Thermal Generation Efficiency
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5.7.4

Thermal Generation Efficiency (Coge

n/Trigen)

The following table describes the input data required to calculate this KPI, the typical

sources of data, as well as the key information that can be derived from the calculated

KPI.

Utility System
System KPI

KPI Units

Input data required for calculating KPI

Typical Sources for KPI/COP Input Data

1, 2, 3 refers to Data Source Order of Preference.
If data is available from first preference, then
sources 2 and 3 are for improvement potential /
cross check only. If first preference data is not
available, required data point should be derived
from preferences 2 and 3.

Calculation

Information from this KPI

SICEMAGETMEIRSICEINE
Trigen/Cogen Efficiency

I % |

1.Fuel Input Rate Ff(KW)

2.Steam Output Fst (kg/s)

3.Enthalpy Difference per kg Steam (Hst) (KJ)
4. Electricity Output KWg

- Flow Meter Readings (1)

- Electricity Metering Data (1)

- Temperature and Pressure Gauge Readings (1)

- Recorded log sheet data (2)

- Control system screenshot printouts, (2)

- Fuel Usage Records or Bills (2)

- Control System Trends (2)

- Boiler and Pump Make/Model Number and
Performance Curves (3)

- DCS Control System Print-outs (2)

- Process Heating System P+ID's (2)

- Process Heating System PFD's (3)

- Steam Tables (1)

100*(((Fst*Hst)+kWg)/Ff)

This is the Key performance indicator for Co-
Generation/Tri-generation efficiency

Note: Hst = the difference in enthalpy between (Hf) the mixed water input conditions to the

generation plant before any heating takes place (de-aeration etc.) and the enthalpy of

steam at output conditions.(Hg). These figures are obtained from Steam tables.
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5.7.5 Special Considerations

When reviewing systems some special considerations are listed below:

1 In order to detect possible erroneous readings on KPI's, when data is received,

ideally technical and historical cross checks should be carried out. This would

include:

o

Check that measured performance from flow and pressure readings
compares with performance and capacity data from equipment
microprocessors.

Check that measured gas consumption readings are aligned with
expected equipment consumption readings from manufacturer’'s
performance data at the measured conditions.

If there are improvements or disimprovements in performance versus
historical data, check if there are known events on the system
(production changes, maintenance issues, upgrade projects etc.) which
would account for the changes in performance. If reason for change
cannot be identified, investigate data accuracy.

1  Physical symptoms of poor performance are manifested as follows:

o

o]
o
o

Condensate tank temperature, or feed water temperature below 60°C.
If instrumentation present, oxygen % in flue gases above 5%

Visible steam leaks or flash steam in distribution.

Obvious radiant heat from boiler surfaces. A well insulated boiler should
only be warm to the touch.

Banging or vibration in condensate pipework (indicates steam traps
passing)

Black plume from diesel /HFO boilers.

On trigen systems, check trending for waste gas/diverter damper
position. If flue gases are being diverted to atmosphere without going
through boiler, the system will have poor efficiency.

TDS readings in excess of 3000 indicate either contamination or poor

water treatment, which lead to excessive blowdown and waste.

1 Insulation standards on sites are generally very good, however this needs to be

kept in focus. Steam systems have potential for high standing losses relative to

steam demand due to the low demand profiles.

1 There is potential for heat recovery on many systems, for example economisers

and blowdown heat recovery are not in common use.

Many boilers do not have electronic combustion control or oxygen trim control.

Automatic blowdown systems which minimise boiler losses are not in use on

many sites.

1 Sites should concentrate on improving condensate recovery % as this is one of

the main contributors to poor efficiency.
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5.8 Nitrogen

5.8.1 K P | And Comparators

The following KPI's and Comparators were used when comparing facilities:

1  Generation Technology

1 Nitrogen Specific Energy (kWh/Nm3) — The amount of electrical energy used in

kWh to produce 1Nm?® of Nitrogen gas for the technology used on site.

Nitrogen Usage Intensity — Nitrogen used 1,000 Nm?® per reactor volume m?.

Method of inertion/blanketing at user points.

5.8.2 Calculation Procedure

The following tables describe the input data required to calculate each KPI, the typical

sources of data, as well as the key information that can be derived from the calculated

KPI.

Generation Technology

Utility System
System KPI

KPI Units

Input data required for calculating KPI

Typical Sources for KPI/COP Input Data

1, 2, 3 refers to Data Source Order of Preference.
If data is available from first preference, then
sources 2 and 3 are for improvement potential /
cross check only. If first preference data is not
available, required data point should be derived
from preferences 2 and 3.

Calculation

Information from this KPI
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Purity/Technology

Not Applicable |

User Spec/Supply Source

- Nitrogen specification (1)
- Process User Requirement Specification (2)
- Quality Assurance Requirements (3)

Not Applicable

Nitrogen from liquid nitrogen is more energy intensive
than PSA nitrogen. PSA nitrogen is normally
sufficient for inertion.
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Nitrogen Specific Energy (kWh/Nms) — The amount of electrical energy used in kKWh

to produce 1Nm?® of Nitrogen gas for the technology used on site.

Utility System
System KPI

KPI Units

Input data required for calculating KPI

Typical Sources for KPI/COP Input Data

1, 2, 3 refers to Data Source Order of Preference.
If data is available from first preference, then
sources 2 and 3 are for improvement potential /
cross check only. If first preference data is not
available, required data point should be derived
from preferences 2 and 3.

Calculation

Information from this KPI
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N2 Specific Energy

| kWe/Nm3 |

1. Average Nitrogen consumption Rate Qn (Nm3/hr)

2.Ave Elec Consumption of PSA compressor and
chilled water supplied to system (kWe).

- Meter readings (1)

- PSA plant running logs (2)

- control system screenshots (2)

- PSA equipment specifications (3)

- Control System Trends (3)

- MCC Room Single Line Diagrams (3)

- Equipment Power Consumption Readings (1)
- DCS Control System Print-outs (2)

- Process Cooling System P+ID's (2)

- Process Cooling System PFD's  (3)

kWe/Qn (PSA)
or 1kWe/Nmz2 if Liquid Nitrogen source.

Specific Energy for nitrogen systems can be
compared and used similar to other Specific Energy
KPI's
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Nitrogen Usage Intensity — Nitrogen used 1,000 Nm® per reactor volume m?®,

Utility System

System KPI

KPI Units

Input data required for calculating KPI

Typical Sources for KPI/COP Input Data

1, 2, 3 refers to Data Source Order of Preference.
If data is available from first preference, then
sources 2 and 3 are for improvement potential /
cross check only. If first preference data is not
available, required data point should be derived
from preferences 2 and 3.

Calculation

Information from this KPI

NM3/Reactor Volume APl or NM3/Utilised
Capacity Nutritional

| Nm3/m3 or /tonne |

1. Nitrogen consumption per annum Fn
(Nm3/annum)

2.Total Plant Reactor Volume Rv for API(m3) or
kg/hr throughput for Nutrit

- Meter readings (1)

- PSA plant running logs (2)

- control system screenshots (2)
- Nitrogen Process P+ID's (3)

- Plant Vessel Data (1)

- Plant Production Data (1)

Fn/Rv

This is a measure of nitrogen usage intensity t.
Comparison is per unit reactor volume as nitrogen is
mostly for process use in API plants. It is useful for
comparison between plants and tracking the effect of
user performance improvement measures.

Method of inertion/blanketing at user points.

This is derived by plant survey similar to the plant technology usage.

5.8.3 Special Considerations

When reviewing systems some special considerations are listed below:

1 Inorder to detect possible erroneous readings on KPI's, when data is received,

ideally technical and historical cross checks should be carried out. This would

include:

0 Check that measured performance from flow and pressure readings

compares with performance and capacity data from equipment

microprocessors.

0 Check that measured gas flow readings are aligned with expected

equipment power consumption readings from manufacturer’s

performance data at the measured conditions.
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o If there are improvements or disimprovements in performance versus
historical data, check if there are known events on the system
(production changes, maintenance issues, upgrade projects etc.) which
would account for the changes in performance. If reason for change
cannot be identified, investigate data accuracy.

1  Physical symptoms of poor performance are manifested as follows:

0 Check flow trends. Nitrogen generation plants do not cope well with
sudden increases or decreases in flow. If there is a sudden increase or
decrease in flow, the purity can go out of specification, and the plant will
vent until the purity comes back into specification.

o0 As with compressed air systems, frequent audible venting is not good.

o For Nitrogen tank systems, check that evaporators are not completely
frosted with Ice.

1  The most energy efficient nitrogen source is an externally piped source
originating from a plant where nitrogen is produced as a side product.

Purchased liquid nitrogen is the least energy efficient.

1 PSA Plant nitrogen energy performance is dependent on compressor
performance and required purity. VSD compressors with tower water cooling will
give highest performance.

1  Sites with significant consumption should evaluate using the nitrogen source with
the lowest specific energy consumption that will meet nitrogen quality and purity
requirements.

1 No discernable trend was observed between nitrogen intensity and inertion
practices. This is possibly due to variations in the frequencies of inertions and
other factors affecting consumption.

1  To reduce consumption intensity API plants should evaluate inertion and
blanketing practices to minimise consumption. Vacuum Break inertion cycles are
more efficient than pressurised inertions. Blanketing pressures should be set as
low as possible while still maintaining safe inertion. Leak testing criteria should
be evaluated. Tighter testing criteria will reduce consumption.

1  Liquid nitrogen consumption for low temperature cooling should be reviewed for
processes where chiller based systems can achieve the required temperature.

1  Sites should also challenge end user requirements in terms of purity
requirements.

1  Where there is an unavoidable large continuous use of gaseous nitrogen from a
liquid tank, investigate if there is a cooling demand that could be satisfied from

the expansion of the liquid nitrogen through a heat exchanger.
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5.9 Solvent Recovery

59.1 K P | And Comparators

The following KPI's and Comparators were used when comparing facilities:

1 Recovery Technology

Thermal Energy Intensity - kWh per m?® of recovered solvent

1
1 Coolant used — Chilled and/or Cooling Tower Water
1

Percentage solvent recovered as a proportion of total site consumption.

5.9.2 Calculation Procedure

The following tables describe the input data required to calculate each KPI, the typical

sources of data, as well as the key information that can be derived from the calculated

KPI.

Recovery Technology

Utility System

System KPI

KPI Units

Input data required for calculating KPI

Typical Sources for KPI/COP Input Data

1, 2, 3 refers to Data Source Order of Preference.
If data is available from first preference, then
sources 2 and 3 are for improvement potential /
cross check only. If first preference data is not
available, required data point should be derived
from preferences 2 and 3.

Calculation

Information from this KPI
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Solvent Recovery
Technology

Not Applicable |

Distillation or Pervaporation

- General Description (1)
- Equipment Specification (2)
- Process User Requirement Specification (3)

Not Applicable

Pervaporation is less energy intensive than distillation
where pervaporation is a viable technology

COMMON ASSESSMENT FRAMEWORK



Thermal Energy Intensity - kWh per m® of recovered solvent

Utility System
System KPI

KPI Units

Input data required for calculating KPI

Typical Sources for KPI/COP Input Data

1, 2, 3 refers to Data Source Order of Preference.
If data is available from first preference, then
sources 2 and 3 are for improvement potential /
cross check only. If first preference data is not
available, required data point should be derived
from preferences 2 and 3.

Calculation

Information from this KPI

Solvent Recovery
Specific Energy

kwhrt/m3

1. Average Heat Energy Consumption Hs (kW)
2.Recovered Solvent Rate Qs(m3/hr)

- Steam Flow meter Data (1)
- Solvent Flow Meter Data (1)
- Design Specifications (2)

Hs/Qs

Not being used as a COP. This will be used to
calculate % of site thermal energy used for solvent
recovery so sites with and without solvent recovery
can be compared.

Coolant used — Chilled and/or Cooling Tower Water

Utility System
System KPI

KPI Units

Input data required for calculating KPI

Typical Sources for KPI/COP Input Data

1, 2, 3 refers to Data Source Order of Preference.
If data is available from first preference, then
sources 2 and 3 are for improvement potential /
cross check only. If first preference data is not
available, required data point should be derived
from preferences 2 and 3.

Calculation

Information from this KPI
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Solvent Recovery

Not Applicable |

Tower Water or Chilled Water

- General Description (1)
- PFD/P&ID (2)
- Equipment Specification (3)

Not Applicable

Chilled Water as the Reflux Condenser Coolant is
significantly more energy intensive than tower cooling
water.
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Percentage solvent recovered as a proportion of total site consumption

Utility System
System KPI

KPI Units

Input data required for calculating KPI

Typical Sources for KPI/COP Input Data

1, 2, 3 refers to Data Source Order of Preference.
If data is available from first preference, then
sources 2 and 3 are for improvement potential /
cross check only. If first preference data is not
available, required data point should be derived
from preferences 2 and 3.

Calculation

Information from this KPI

5.9.3 Comparison Of Results

Solvent Recovery

% |

1.Solvent Recovered Sr (m3/annum)

2.Total Site Solvent Usage St (m3/annum)

- Solvent Recovery plant flowrates (1)
- Running hours from meters (3)

- Control system screenshots. (2)

- Site solvent consumption records (1)

100* Sr/St

On site recovery and solvent reuse is more efficient
from a global energy consumption aspect than off
site disposal/recovery. Useful as a comparative
metric.

Once the KPI is calculated, the below table can be used to benchmark against the

industry data set collated during the 2010 study. The site should calculate their KPI's

regularly to track for improvements, and refer to best practice guide for improvement

ideas.

Plant Identifier Technology Reflux % Total Energy
Coolant Site Solvent Intensity
Recovered kWht/m?®
1 Distillation Chilled Water 30 200 to 2000(1)
3 Distillation Chilled Water n/a n/a
10 Distillation Tower Water 71 520
16 Distillation Tower and Chilled (2) 46 960
21 Distilled/Pervaporation Chilled Water 35 400

Notes:
(1) Varies with Process

(2) Primary Condenser has Tower Water coolant. Secondary condenser has chilled water.
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5.9.4 Special Considerations
When reviewing systems some special considerations are listed below:

1 In order to detect possible erroneous readings on KPI's, when data is received,
ideally technical and historical cross checks should be carried out. This would
include:

0 Check that measured performance from flow and pressure readings
compares with performance and capacity data for equipment.

o If there are improvements or disimprovements in performance versus
historical data, check if there are known events on the system
(production changes, maintenance issues, upgrade projects etc.) which
would account for the changes in performance. If reason for change
cannot be identified, investigate data accuracy.

1  Physical symptoms of poor performance are manifested as follows:

o Larger than design pressure drops across heat exchangers indicates
fouling.

o Larger than design temperature differences across heat exchangers
also indicates fouling.

1 Distillation is the dominant recovery technology. Pervaporation is a more energy
efficient technology. Sites should evaluate the feasibility of streams for recovery
using membrane based processes (pervaporation)

1  Excess ‘free’ steam from trigeneration plants is an incentive to employ distillation
based recovery.

1 Chilled water is frequently used for reflux condenser coolant. Use of cooling
tower water is more efficient than chilled water. Where chilled water is required
for process reasons a primary tower water condenser followed by a secondary
chilled water condenser is more energy efficient than a single chilled water
condenser. Sites with chilled water only systems should evaluate the use of
cooling tower water.

1 Energy intensity figures vary widely. These figures are very process dependent
and are not considered to be useful as a comparative benchmark for energy
efficiency between sites. The intensity figure will serve as a useful performance
benchmark for individual sites for monitoring future impacts of process changes
or improvement measures.

1  The proportion of solvent recovered varies. Sites should evaluate whether it is
feasible to increase this proportion. On site recovery is generally more energy
efficient than off site disposal methods from a global energy life cycle basis.

1  The demand profile on the Solvent Recovery system also impacts its efficiency.

Part loaded systems are less efficient than fully loaded systems.
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Comparators

The following KPI's and Comparators were used when comparing facilities:

5.10 GMP Water

5.10.1 KPI6 s And
1  Generation Technology
1  Circulation Temperatures
1  Energy Intensity Level

5.10.2 Calculation Procedure

The following tables describe the input data required to calculate each KPI, the typical

sources of data, as well as the key information that can be derived from the calculated

KPI.

Generation Technology

Utility System
System KPI

KPI Units

Input data required for calculating KPI

Typical Sources for KPI/COP Input Data

1, 2, 3 refers to Data Source Order of Preference.
If data is available from first preference, then
sources 2 and 3 are for improvement potential /
cross check only. If first preference data is not
available, required data point should be derived
from preferences 2 and 3.

Calculation

Information from this KPI
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GMP Water
Grade/Technology

Not Applicable |

Specification/Technology from requested process
information

- Equipment Specification (1)
-URS (3)
- P&IDs or Control System Screenshots (2)

From Data Collected

Highest Specification water is most energy intensive
i.e. WFI from still system.
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Circulation Temperatures

Utility System
System KPI

KPI Units

Input data required for calculating KPI

Typical Sources for KPI/COP Input Data

1, 2, 3 refers to Data Source Order of Preference.
If data is available from first preference, then
sources 2 and 3 are for improvement potential /
cross check only. If first preference data is not
available, required data point should be derived
from preferences 2 and 3.

Calculation

Information from this KPI

Energy Intensity Level

Utility System
System KPI

KPI Units

Input data required for calculating KPI

Typical Sources for KPI/COP Input Data

1, 2, 3 refers to Data Source Order of Preference.
If data is available from first preference, then
sources 2 and 3 are for improvement potential /
cross check only. If first preference data is not
available, required data point should be derived
from preferences 2 and 3.

Calculation

Information from this KPI
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GMP Water
Circulation Temperature

oC |

Loop Distribution Temperature

- Equipment Specification (2)
- temperature readings/recordings (1)
- QA Point of Use Specifications (3)

From Data Collected

Circulation temperatures close to ambient are least
energy intensive

GMP Water
Specific Energy (Priority 1 for Biologics plants

kwhr/m3 |

1. Average Water Consumption (Q)

2. Ave Elec consumption of pumps and
heating/cooling consumption of heat exchangers and
stills (KWg)

- Flowmeter Readings, (1)

- Storage tank level trends, (2)

- Pump specifications (3)

- consumed power readings (1)

- heat exchanger details (2)

- readings consumption of ‘steam/chilled water (1)
- P+ID's and PFD's (3)

kWe/Q

Initial findings are that energy use associated with
GMP water is low as the total consumption quantities
are small. It can therefore be considered not to be a
significant energy user for most sites. Where this is
the case sites will not be asked to provide any further
information. Biologic plants are expected to be only
plants where GMP water is significant.
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5.10.3

5.10.4

Comparison Of Results

Once the KPI is calculated, the below table can be used to benchmark against the
industry data set collated during the 2010 study. The site should calculate their KPI's
regularly to track for improvements, and refer to best practice guide for improvement
ideas.
Plant Identifier Final Circulation Energy Consumption
Treatment Temperature | Intensity Intensity
Technology degC H/M/L H/M/L
1 RO/CDI <20 M L
2 RO/CDI 20/85 M M
3 RO/CDI 18 M M
6 RO/CDI 18-20 M L
7 RO amb L H
10 RO 55-70 M M
12 RO/CDI 70-80 M M
13 WEFI Still n/a H M
15 WEFI Still 25/85 H M
16 RO/CDI 17 M M
17 WEFI Still n/a H M
19 WFI & RO/CDI 85 & 18/20 H M
20 RO amb L H
21 RO 18 M L
H- High M-Medium L-Low

H- High Energy Intensity (250 Kwhr/m3 water approx)
M-Medium Energy Intensity (<50 Kwhr/m3 water approx)
L -Low Energy Intensity (<10 Kwhr/m3 approx)

Special

Considerations

When reviewing systems some special considerations are listed below:

il

In order to detect possible erroneous readings on KPI's, when data is received,
ideally technical and historical cross checks should be carried out. This would
include:

0 Check that measured performance from flow and pressure readings
compares with performance and capacity data for equipment.

o If there are improvements or disimprovements in performance versus
historical data, check if there are known events on the system
(production changes, maintenance issues, upgrade projects etc.) which
would account for the changes in performance. If reason for change
cannot be identified, investigate data accuracy.

Physical symptoms of poor performance are manifested as follows:

o Very high pump discharge pressures for distribution configuration.

o
Energy use associated with GMP water is generally low as a proportion of total
site energy. It is highest for Biologics plants with significant WFI systems. Itis
lowest for API plants.
Metering of energy consumption of GMP water plants is limited.
Sites should evaluate required storage and distribution temperatures against

final use temperature requirements. The closer to ambient the better.
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Most opportunities for reducing consumption are in cleaning/CIP operations.

Use of efficient spray balls, frequency, challenging the grade of water required
and cleaning end point determination criteria are suggested approaches. End
point determination using process analytical technology (PAT) in line analysis is
more efficient than end of cycle sample testing. Use of PAT was not observed in
any of the sites.

Nutritional plants are the most significant users of GMP water, but the grade of
water is such that the energy intensity per m?is low.

Biologics plants with WFI systems are the most significant in terms of energy use
associated with GMP water as WFl is by far the most energy intensive grade of
water to produce. It was difficult to get firm data for these plants. Opportunities
for improvement include evaluating cleaning/CIP (as above) and challenging if
WFI is required in certain steps.

Sites should evaluate the use of more energy efficient vapour compression stills
as opposed to multi effect stills for WFI production in the case of any future

expansion.
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