P 1.10 – Information system
How should performance monitoring of
important material and energy flows be planned?

Table of contents
•
•
•
•
•

Challenge
Indicators
Three levels of an information system on flows
Building an information system
Case study

TEST Training kit

From measuring

to a comprehensive information system
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Information System on flows
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Purpose of an information system on
flows and monitoring plan
1.

Monitor overall enterprise performance at the level of selected
priority flows utilizing KPIs

2.

Measure the performance of key consumers through OPIs, for:
– understanding causes of inefficiency and implementing corrective
measures
– planning and setting up new targets

3.

Verify improvements in performance and savings compared to
expected benefits deriving from the implemented resource
efficiency measures (TEST action plan)

4.

Make people who influence resource efficiency and pollution
generation accountable at all levels
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We can not manage
what we can not measure

and we need to measure what
does not exist: savings
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Importance of Baseline
Theoretical consumption calculated
based on baseline

Consumption of energy

Monitored energy use

Savings

Time

Baseline period

Monitored period
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Where is our Baseline?
1. Overall enterprise performance for
priority flows utilizing KPIs
2. The performance of key consumers
using OPIs

TEST
STEP 1.4

STEP 1.5
STEP 1.6

3. Calculation of the “real”
performance improvements and
savings within feasibility study
(deriving from the implemented
resource efficiency measures)

STEP 1.8

TEST Training kit

INDICATORS
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Indicator as an intermediary

Objective/
Target

Knowledge
Indicator

Feedback
loop
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Indicators - absolute and relative
We wan to manage resource efficiency so we have to
measure it through
RELATIVE INDICATORS
(Also „normalized“ indicators) are indicators linking the
absolute metrics to reference data
ABSOLUTE INDICATORS
• measure basic data on consumption, costs or pollution
(or reference data) in a given time period;
• do not make correlations between consumption and
reference data
• show the absolute impact on the environment.
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KPIs and OPIs
Absolute and Relative indicators are within
TEST distinguished at two basic levels as:
KEY PERFORMANCE INDICATORS (KPIs) at the overall
organizational level - based on financial or nonfinancial metrics used to reflect the critical success
factors of an organization and measure progress
towards its goals
OPERATIONAL PERFORMANCE INDICATORS (OPIs) to
measure a system’s internal performance in supporting
company-wide KPI and enabling an understanding of
performance of specific company areas or units
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Physical and monetary metrics
All types of indicators can be based on:
• physical (non-financial) metrics – reflect actual
performance (talk labguage of engineers)
• financial (monetary) metrics – influenced by price
fluctuations (talk language of managers and
accountants)

Physical and monetary indicators provide
complementary information, both types should be
used
TEST Training kit

THREE LEVELS OF AN INFORMATION
SYSTEM ON FLOWS
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Information system – indicators at three levels
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Levels of information system
Level
Enterprise
system
boundary

Key
consumers

Purpose of
monitoring

Types of
indicators

Source of
information

Monitor material and
energy flows and
pollution generation
(including NPOs) both
volume and cost,
against enterprise goals
Benchmarking
Monitor material and
energy flows (including
NPOs), both volume
and cost, at the level of
specific priority areas
Monitor results of
improvement
measures
Understand causes of
inefficiency and
implement corrective
measures

Absolute KPIs

Bookkeeping
1.4 – Identification
Invoices and meters of priority flows and
Stock management total pollution costs
Production planning
system
Production statistics

Relative KPIs
KPIs (both absolute
and relative) for
NPO costs

Ref. TEST step

Relative OPIs
Relative OPIs for
NPO cost

Sub-metering
system
Cost accounting
Waste bills

1.5 – Setting up
focus areas

Relative OPIs
Water recovery %
Yield
Savings

Sub-metering
system

1.6 –Identification of
sources of losses

1.8 – Feasibility
study
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BUILDING AN INFORMATION
SYSTEM
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Overview of Step 1.10
Enterprise policy and
goals/targets
Inputs from MFCA-EMA
assessment
Existing KPIs and OPIs
and baselines
Existing information and
monitoring systems
TEST action plan

Inputs

Set priorities
Define interfaces with
accounting information
systems
Integrate all KPIs and
OPIs into one information
system and monitoring
and evaluation plan

Information system on
flows with monitoring and
evaluation plan

Plan training of staff in
operating information
system

Activities

Outputs
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Planning submetering
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EXAMPLE of Indicator – Paint application efficiency (%)
Solid mass within annual amount of paints and solvents per solid mass at product (%)
Paint, thinner, filler, tape,
film, air, container

filter
Filter, paint
Air, thinner

Solid state mass
in paint (kg/y)

Air and thinner

Air filter
Air, paint, thinner
Priming/
Painting

Pre-treatment
Oily
parts l

Parts
clean
Steam generator

Tools

Drying
Parts
wet

Parts
with
paint
Dry surface
film

mass (kg/y)

Cleaning

Water,
detergent

Balance limit
Thinner

Waste
thinner

Dust
containers

Source: UNIDO CP Toolkit
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Setting up baseline at the level of focus area
using regression analysis
900

BASELINE I

Heat consumption GJ

800
700
600
500

if data is not available for
regression analysis, baseline can
be set up for example as an
everage relative consumption in
past year

400
300
200
100
0
0

2000

4000

6000

8000

10000

12000

Production hl

Source: EMPRESS/ENVIROS
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Monitoring physical flows
Monitoring techniques should be driven by the potential for savings and common
sense. Some examples:
Material flows
• traditional weighting methods
• calculation based on unit weight, the volume of the container, and its emptying
frequency
• Install interfaces with accounting, production planning and stock monitoring
Water flows
• ultrasonic meters, turbine meters, rotameters and other meters,
• simple calculation method based on the volume of tanks (or of a bucket) and a
stopwatch
Energy
• for electricity power clamps or standard electro meters
• heat flows can be monitored using different types of heat meters depending on
the media (hotwire anemometers for air flows, infrared thermometers for
surfaces, thermocouples for fluids)

TOOL – Monitoring Plan TEMPLATE
TEST Training kit

Monitoring financial and physical flows
The EMA-MFCA tool can be used to complement the financial information
system for effective monitoring of material and energy flows:
• An MFCA information system should start at the company system
boundary (top down) and make best use of the existing information
systems, such as financial and cost accounting, stock management and
production planning.
• The input-output balance at the corporate level should be calculated
regularly on an annual or monthly basis using the EMA-MFCA tool and be
linked to bookkeeping, cost accounting, storage and purchase as well as
production planning systems.
• The values and volumes in tons or kilograms of all material flows should
be listed simultaneously when the related invoices are recorded.
• Main hindrance to applying MFCA is that raw and auxiliary materials as
well as packaging are typically recorded in stock management and
production planning systems (PPS), but not in cost centres. Only financial
accounting records all the data on material inputs (though most often only
in monetary terms and with no clear disaggregation rules or consistency
checks with other information systems)
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Improving information systems
Typical recommendations:
• Data recording of material purchase by material groups in
financial accounting
• Separate accounts for material groups
• Estimation and recalculation of scrap percentages
• Recording of material volumes in inventory management
• Posting of inventory losses
• Consistent system boundaries in technical and financial
information systems
• Separate cost category “environmental management”
• New Cost Centers / New Accounts
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CASE STUDY – COOLING IN FOOD
INDUSTRY
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Resource Efficiency of Refrigeration
systems
Refrigeration systems often represent the
largest electricity user in food and drink
factories. Keeping refrigeration operating at
best efficiency is very important but is often
ignored because users are often unsure

how to set up an effective information
system on their efficiency
Case study
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Monitoring Strategies
Stacit snap shot (audit) : Indirect Assessment of Plant Faults
Assesment of the performance of individual items of plant, such as
condensers, to identify specific types of fault that need to be
remedied. Collecting instantaneous data (e.g. temperatures and
pressures) and comparing these data with “expected values” and
diagnose different types of plant fault. Static audit approach can be
very effective in identification of improvement options.
Information system: Direct Monitoring of Performance
This involves measuring the power input into the plant over fairly
long periods of time (e.g. weekly) and estimating the amount of
cooling done in the same period, either by direct measurement or
through calculation. This strategy allows you to build a
comprehensive picture of plant performance over time and
discover additional potentials for improvement to the static audit
approach.
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Indirect Assessment of Plant Faults
plant operating data to be collected within a snap shot

Source: Institute of Refrigeration, UK
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Compare Data Snapshot with Expected Values
Expertise on given technology is needed, expected
values for each snapshot parameter can vary with
ambient temperature, cooling load and product
temperature.
Fairly detailed plant design data is required to calculate
expected values of temperature differences and
pressures (most of the required design data should
have been supplied when the plant was installed and
during commissioning tests).
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Look for fault symptoms
Condensers: Inefficiencies linked to condenser problems always result in a
compressor discharge pressure that is too high. A high discharge pressure
reduces the system efficiency whilst at the same time it also reduces the
amount of cooling being done. Most condenser faults are associated with
a heat transfer problem that causes the condenser to operate inefficiently.
Evaporators: Evaporator faults are also common and easy to spot.
Inefficiencies linked to evaporator problems always result in a compressor
suction pressure that is too low. A low suction pressure reduces the
system efficiency whilst at the same time it also reduces the amount of
cooling being done (sometimes by a significant amount). Most evaporator
faults are associated with a heat transfer problem that causes the
evaporator to operate inefficiently.
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Look for fault symptoms
Compressors: Compressor faults can be more difficult to spot. Compressor
problems can relate to mechanical damage inside the compressor or to
undesirable pressure drops due to blockage.
Expansion valves: Expansion valve problems can be linked to the valve being
open too much (leading to unwanted bypass of high pressure vapour
through the valve) or being closed too much (leading to starvation of
liquid feed to the evaporator).
Controls: There are numerous controls on refrigerant plants that could be set
incorrectly or that could be operating badly.
Cooling load: The cooling loads themselves need to be checked to ensure
they are not higher than necessary.
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Direct Monitoring of Performance
Use of “integrated data” measured over long periods of
time e.g. kWh consumption of compressors. This data is
used to estimate plant efficiency which can be compared to
expected values.
Refrigeration Plant Performance cen be measured through
–
–

The amount of cooling being carried out, Q, measured in kW.
The amount of power consumed, P, also measured in kW.

Then we can calculate the plant efficiency in terms of the
ratio of cooling carried out to power consumed (Q/P). This
is known as the COP or Coefficient of Performance.
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Is specific COP good or bad?
Ideally we want the COP to be as high as possible, because that means we are getting more cooling
for each kW of power input

We want:
• The evaporating temperature of the refrigerant to be as high
as possible
• The condensing temperature of the refrigerant to be as low as
possible
For one particular refrigerant plant many of the parameters that influence COP are fixed. In most
situations the plant design is “fixed” and the product temperature is always approximately the
same. However, if you measure a “snapshot” of the plant COP on two occasions it is normal that
the COP could be significantly different. This is because

COP is very sensitive to:

– Ambient temperature
– Plant load
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You Need to Establish a Range of
“Expected Values for COP”
Expected Compressor COPs (for a plant chilling a room to +2° C)
Plant Cooling Load
100 [%]

50 [%]

25 [%]

Ambient Temperature [° C]
25
15
5
25
15
5
25
15
5

Expected Best COP
4.2
5.9
7.0
4.0
5.5
6.5
3.5
4.8
5.5
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Setting up a Monitoring Programme
For most food and drink sites a weekly monitoring interval is
appropriate.
COP = Cooling carried out during period (kWh) / Electricity used
during period (kWh)
COP should be compared with an expected value based on the plant
design, the average plant load and the ambient temperature - the COP
data (including both measured and expected values) can then be
plotted on a week by week basis to try and spot adverse changes in
performance – approach known from Monitoring and Targeting
If the measured COP is lower than the expected value then you should
carry out fault assessments using the first „audit strategy“ to identify
the cause of the inefficiency
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Options to Measure or Estimate the Cooling Load
• Direct measurement.
In some cases you can measure a flow rate and a
temperature difference to directly calculate the
heat load utilising heat meter (expensive if an
accurate measurement is to be obtained)
• Estimate based on production throughput
If the load is dominated by process cooling then it
is quite easy to relate the load to the tonnes of
production
• Estimate based on load modelling
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Linkages with EMS
EMS
Not in place

EMS
In place

• Planning of specific management
system documentation for
monitoring and evaluation of
performance could be initiated at
this stage.

• Review existing management
system documentation related to
monitoring to identify gaps and
plan add-ons, including KPIs and
OPIs related to resource efficiency.
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Exercise
Case: A beverage company has a major
problem with high organic loads
discharged after the WWTP. The BOD5
after WWTP is exceeding by 3 times the
ELV. Also the water consumption at the
site was 1.9 hl/hl of products (35%
higher than BAT standards)
Two major sources of organic pollution
were identified:
1. Non-conforming products/returns from
clients to drain
2. Product losses at syrup preparation unit
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Exercise
The company set up an internal plan for
reducing returns from clients, installed a system
to collect and reuse the wash water of the syrup
line and implemented a water minimisation
programme.
TASK: Which specific KPI and OPI should the
company put in place to measure its
performance over the key water and wastewater
problems?
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Solution
• Non-conforming products
• Tracking system for identification of clients with the highest
level of returned goods
• Volumes of non-conforming batches/month
Raw materials, water and wastewater
• Monitor of water treatment system efficiency
m³process/m³water
• m³ water per hl of product for each shift
• kgsugar/hl of product for each shift
• BOD5/hl of product at company level (KPI)
• Total water consumption/hl of product (KPI)
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Thank YOU for your Attention
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