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Energy Consumption Reduction And Optimize
The Operation And It’s Associated Cost
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Abstracts: A chilled water energy assessment was conducted at Public Authority for Applied Education and training in Kuwait, which took place over a
6-month period (April to September). This involved the facility’s engineering, maintenance, and chilled water production personnel. The goal of the
energy assessment was to commission and audit the major energy uses at the facility and to identify opportunities to reduce energy consumption and
optimize the operation and its associated cost. At the end of the site assessment, the recommendations of the cooling system was discussed in further
length as well as the methodology of implementation, a wrap up study and discussion of findings and provide a list of recommendations for the plant to
start evaluating. Estimated project costs are also included where they are know
————————————————————

1. INTRODUCTION
A chilled water energy assessment was conducted at Public
Authority for Applied Education and training in Kuwait, which
took place over a 6-month period (April to September). This
involved the facility’s engineering, maintenance, and chilled
water production personnel. The goal of the energy
assessment was to commission and audit the major energy
uses at the facility and to identify opportunities to reduce
energy consumption and optimize the operation and its
associated cost. At the end of the site assessment, the
recommendations of the cooling system was discussed in
further length as well as the methodology of implementation, a
wrap up study and discussion of findings and provide a list of
recommendations for the plant to start evaluating. Estimated
project costs are also included where they are known.
Chart 1: Kuwait City Weather Conditions of 2016

2. FACILITY DESCRIPTION
The facility is located in Kuwait, which is approximately 10 km
in distance of Kuwait City. Since, the weather conditions data
of Kuwait City was pulled and tabulated [1] . The data is for the
year 2016, where it consists of monthly temperatures, relative
humidity, cooling degree days, heating degree days, and wet
bulb as represented below in table 1. Below the table, a
graphical representation of the table is represented in chart 1
Table1: Kuwait Weather Conditions of 2016
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The next series of tables consist of actual data
Table 2: Cooling Towers
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2.1 COOLING SYSTEMS SCHEDULE/ DESCRIPTION
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Currently, the central chilled water plant generates enough
chilled water to serve multiple facilities in the college district.
The plant is designed to handle 8000 Tons of cooling load with
a chiller of 1000 Tons on standby. The estimated annual
energy costs and consumption within the period of April 2017
to September 2017 is projected with a basis on cost of 0.028
K.D per kWh (recommended rate by government) for (8,670)
hours.
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Table 3: Chilled Water Production Pumps
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Table4: Primary Chilled Water Pumps
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2.2 COOLING SYSTEMS COOLING APPLICATION
The chillers are primarily being used for cooling application.
The main loads are for class rooms, labs, and office areas,
which are served by air handling units (AHUs). The typical
configuration has an outdoor air inlets, return air inlet, prefilters, chilled water cooling coils, bag filters. Some (AHUs)
units are with supply fans that have variable speed drives and
some other AHU’s have return fans. This equipment is
regularly started and stopped either manually or by an energy
management system. System runs from 08:00 to 18:00 hours
on a Sunday through Friday basis. Currently, the HVAC chilled
water system is a constant primary / variable secondary flow
chilled water system. It has a stepped capacity control based
on the number of chillers that is manually selected to run.
There are eight water-cooled and 1 standby chiller. The
illustration below is a typical oversimplified configuration as
this can be seen in figure 1.
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Table5: Condenser Water Pumps
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Table 6: Chilled Water Systems
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Figure 1: Typical Chilled Water Distribution System
Configuration
One chiller plant is comprised of eight chillers. This chiller
plant provides cooling to the air handlers. It has eight
dedicated cooling towers each with constant speed fans. The
cooling towers provide cooling water for the associated
chillers, every chiller has dedicated cooling tower pump. The
series of next four charts (chart 2 through chart 5) illustrate the
efficiency variation with respect to the load for chillers #1, #2,
#3 and #8. As the charts clearly illustrate, the chiller load
fluctuates and in turn all the chillers change their capacity to
provide the required load. However, none of the chillers are in
a base load / trim sequence strategy. This leads to inefficient
operation and overall decreased in efficiency of the plant. The
following table summarizes the base load operation of the
combined chiller system at the plant as this can be seen in
table 7
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Table 7: Base Load Operation of Chiller Plant

ΔT

10 °F

Average Load

2400 Ton

Max Load

5000 Ton

Efficiency

0.95 kW/Ton

Chart 4: Chiller #3

Chart 2: Chiller #1

Chart 5: Chiller #8

Chart 6: Chiller Left vs. Percent Load

Chart 3: Chiller #2

This is the actual recorded condition of chiller#1, where the
chiller at its lowest load observed to be 68%. The significance
is that it corresponds to be at 45 °F chiller lift temperature. The
chiller manufacture specifies that the lowest lift is to be at 10
°F for a centrifugal compressor. Thus, it is clearly observed
that the current chiller cannot unload efficiently to meet the
lowest lift possible. The 50% load is a forecasted number to
show that the lower the load the less the lift is and in turn more
efficient the system potentially could be. However, with this
type of chillers, the system is constrained in terms of
unloading capabilities.
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3. COOLING SYSTEM RECOMMENDATIONS TO
INCREASE THE TOTAL EFFECIENCY OF THE
CHILLER PLANT
In this section, the recommendations of the cooling system will
be discussed in further length as well as the methodology of
implementation. There are 7 recommendation items that will
be discussed.
1- Replacing the constant load chillers with oil-free chiller
with variable speed drives.
2- Adding variable speed drives to control cooling tower
fans with an outdoor wet bulb temperature sensor.
3- Install variable speed drives and optimize them for the
chiller pumps.
4- Install variable speed drives on cooling tower pumps.
5- Development of energy intelligence to include central
plant energy control system (CPECS).

ISSN 2277-8616

The chart illustrates when the load drops and the chiller
is ran well below 600 tons, the chiller efficiency decrease
to be above 1 kW/Ton. This indicates that the chiller is
inefficient at low load. These constant load chillers
cannot be unloaded. Thus, the more loaded they are, the
more efficient and less power is consumed.

3.1 Item 1: Replace Constant Load 1000 Tons Chillers
With Oil-Free Chiller With VFD
Currently, the chilled water plant is running inefficiently as this is
illustrated in the load profile in charts 9 and charts 10 below.

This chart illustrates the daily average load fluctuation. It
is critical to know the load in order to sequence the chiller
properly. However, this needs to be automated using a
chilled water plant optimization system such as Smart
System. Also, this shows the inability to unload due the
chiller selected to be a constant load chiller. If the Smart
Chiller is to be used, then the chiller can be unloaded up
to 20% and operate at an efficiently well below 0.6
kW/Ton.
In the table below is a summarization of the optimization with
oil free chillers, optimized oil free chillers with VFDs on chillers,
cooling towers, and condenser water pumps and in
comparison to a baseline performance. The tabulated data
also consist of the kWh saved upon replacing the chillers and
addition of VFDs.
Plant
Run
Hours
8,760

Chart 7: Load Profile of Chiller #1

Baseline
CPECS
with oil free 8,760
Chillers

Annual
Ton Hours
31,253,100
31,253,100

Plant
Efficiency kWh Saved
(kW/ton)
0.951
0.677

8,552,435

$ Savings
($0.095
USD/kWh)
$812,481

3.2 Item 2: Add VFDs To Control Cooling Tower Fans
And An Outdoor Wet Bulb Temperature Sensor
Currently, there are 8 cooling towers and each tower has 1
fan. All of the fans are running at 100% and tower cells are
controlled based on the leaving water temperature. However,
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this operation is not efficient, because there are times when
the fans are running at 100% without meeting the set point
since the fans deliver temperatures based on Wet Bulb (WB).
Thus, the recommendation is to control each cooling tower fan
cell by a VSD. Each cell has 1 fan and there are 8 towers. The
idea is to control the fan speed by one signal, which is the
leaving water temperature. All the fans must ramp up together
based on the leaving water temperature in order maximize
energy savings. In the figure below, the current cooling towers
configuration can be seen. The fans would be modulating at
the same speed and is controlled by the W.B. temperature. If
we look at the outdoor W.B. temperature variations during the
season and in the day, a great potential exist for savings by
capturing when temperature varies. The lower temperature
entering condenser water the more efficient the system is.

ISSN 2277-8616

In this graph, the wet bulb average temperatures vary.
Thus, potential savings can be utilizing this
recommendation.

Figure 2: Cooling Water Configuration

Chart 10: Chiller #3 Load Profile
It is observed from this graph, that when the condenser water
T increases, the efficiency of the chiller increases. It is an
important strategy and it needs to be implemented across the 8
chillers to expand the potential savings.

Chart9: Wet Bulb, Relative Humidity, and Dry Bulb, Monthly
Average
Chart 11: Chiller #1 Entering Vs. Leaving Condenser Water
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This graph illustrates excellent T ranges as it maintains an
average of 10°F. However, with the current chillers it cannot
unload due to its type.
The recommendation is to add a VFD to the CTWS pump as
well to have the system modulate speed based on feedback
from the pressure transducer of the supply header to maintain
a specific pressure difference ΔP. Many VFDs exist on the
market where they can have a 4-20mA signal from a local
pressure meter and modulate to the pressure set-point. To
reduce the needed pump volume, isolation valves can be
added to the compressors. An open valve by default is
installed, that closes via a relay. The relay switch is tied into
the run signal from the local control panel for the compressor
or dryer. The cost includes the installation of a VFD on the
pump, a discharge line pressure transmitter, and eight (8)
normally open solenoid valves. The pump savings will be
realized upon implementation.

3.3 Item 3: Chiller Pump VFDs Installation And
Optimization
It is proposed that variable frequency drives be installed on
pumps to optimize their usage and minimize pumping energy
by adjusting the flow based on load. The balance of the
chilled water pumps that are already on VFDs should be
optimized. The sequencing strategy is such that the pumps’
speed will be based on chilled water load as measured by flow
meters and differential temperatures between the supply and
return lines. The idea behind the strategy is to reduce the
pumps speed when the chilled load is low as indicated by a
small differential temperature. The cost includes the
installation of three new chilled water flow meters, integration
into the existing Energy Management System, and modifying
the control strategy in the control system
3.4 Item 4: Install VFDs on cooling tower pumps
The existing pumping system in cooling tower consists of
pumps operating at constant power. This uses more energy
than required, providing an opportunity for energy savings.
The proposed condition will install variable frequency drives on
the cooling tower pumps to control the flow of the pumps
based on the cooling requirements measured by differential
temperature. The flow will be maintained such that minimum
flow conditions are met at with the required pump speed. The
cost for the system includes installation of VFDs on each
pump and modifying the control strategy in the Energy
Management System to control the pump speed based on a
fixed temperature differential between supply and return
temperatures

ISSN 2277-8616

3.5 Item 5: Expand Energy Intelligence to include
CPECS
The current system does not have a powerful historian
database, which is not effectively being utilized by the plant.
The CPECS system will include more HVAC and chiller data
points and other important energy and process data. The data
will be able to perform the following:
1. Create more robust dashboards that can be viewed in real
time
2. Generate daily reports automatically to summarize the
day's energy consumption (total kwh), efficiency of
systems (kW/tons)
3. Send alerts via fault detection & diagnostics
The three primary source of the 4,400,699 kWh/yr or $418,066
in savings from CPECS and RCx will be realized through the
following processes:
1. Decrease Operations and Maintenance effort and costs.
a. Facilitate ongoing recommissioning of systems to
ensure persistence of savings.
b. Identify root causes to poor system performance.
c. Extend the useful operation lifecycles of equipment
and systems.
2. Increase indoor environmental quality and occupant
comfort.
a. Verify that adequate air flows and proper space
temperatures are being maintained in occupant
spaces.
3. Realize immediate and long-term energy savings and
peak demand savings.
a. Optimize how the facility’s energy using systems are
operated and maintained.
b. Identify previously unrecognized inefficiencies in
building and plant system operations.
Measure and document energy savings from resulting
operational improvement

4. SUMMARY OF RECOMMENDATIONS
This Energy Assessment Report is the result of a process
involving a significant effort by a team of people at the Public
Authority for Applied Education and Training in Kuwait and the
subject matter expert in chilled water optimization. Other
specialists within the Facilities Engineering Services have
reviewed the report and contributed their experience in
evaluating some of the energy saving opportunities. This
approach has identified potential energy and cost saving
opportunities and are presented in the table as follows.
Table8: Cost Saving and Return on Investment

Financial
Estimated
CPECS Cost

$752,520
USD

Simple Payback

1.8 years

Annual
Savings
($0.095 USD)

$418,066
USD

Net Present
Value*
(10-year)

$2,125,339
USD

* NPV Assumes 10% Discount Rate and 3% Inflation Rate
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Some of the projects will need cost adjustment depending on
local costs that may or may not improve the return on
investment (ROI). Also, other ongoing projects may have an
interaction with each other, which results in the savings and
costs to change. The annual load profile allowed for the
collected data to be extrapolated over a year-long period. This
was needed in order to create an annual plant performance
baseline. The developed load profile was also used to optimize
plant performance estimation. The results of the analysis are
presented below in table 9.
Table 9

Run Hours

Annual
Ton Hours

Plant kW/ton

kWh Saved

Percent
Saved

Estimated
Savings
($0.095/kWh)

Baseline

8,760

31,253,100

0.951

-

-

-

CPECS
Optimized

8,760

31,253,100

0.810

4,400,699 15%

$418,066

CPECS with
oil free
8,760
Chillers

31,253,100

0.677

8,552,435 29%

$812,481

CPECS, oil
free Chillers,
with CWP &
8,760
Cooling
Tower Fan
VFDs

31,253,100

0.603 10,870,883 38% $1,032,734
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