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Summary of Project Objectives

Patent Landscape overview and 
competitive assessment from Tech-
IP perspective

Market 
Assessment

Valuation IP Aseets 
(Patent + Know-how) 
and Business Model

WS 1

IP AND TECHNOLOGY 
DUE DILIGNECE

IP VALUATION AND 
BUSINESS MODEL 
VALUATION

WS 2

WS 3
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Valuation Philosophy: Tech-IP + Business Model Valuation

Total Risk Adjusted Net Present Value (rNPV)Total Risk Adjusted Net Present Value (rNPV)

Business Model Valuation

Based on amount of cash flow
generated by adopting various
Business Contract Models specific to
Energy Efficiency improvement

Technology / IP Valuation

Based on royalty based cash flow
that an asset is expected to generate
over its useful life.

Scenario-wise Addressable Market Royalties based Cash Flow
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Global Chiller Equipment Market
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Chiller Equipment – Market Engineering Measurements 
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Chiller Equipment Segment Overview 
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Chiller Equipment - Revenue Forecast Discussion
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Chiller Equipment Revenue Forecast by Vertical Market 
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Chiller Equipment Revenue Forecast Discussion by 
Vertical Market 



11

Chiller Equipment Percent Revenue by Product Type
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Chiller Equipment Percent Revenue Forecast by Region



13

Chiller Equipment Percent Revenue Forecast by Region



14

Chiller Equipment Percent Revenue Forecast by Region 
Discussion
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Chiller Equipment Percent Revenue Forecast by Region 
Discussion
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Chiller Equipment Market Share Analysis
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Global HVAC Controls Market

(OEM technology applies to the energy efficiency 

segment of the market)
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Definition of HVAC Controls Market
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Definition of HVAC Controls Market (Continued)
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Market Drivers
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Market Restraints



22

Global Programmable HVAC Controls Segment: 
Regional Breakdown

North 

America

32%

Europe

23%

APAC

21%

ROW

24%

Note: All figures are rounded.  Source: Frost & Sullivan analysis.

Region
Revenues
($ Million)

CAGR (%)

North America 4614.2 5.3

Europe 3316.5 4.4

APAC 3028.1 5.6

Rest of the World 3460.7 4.7

Global 14419.38 4.9

Programmable HVAC Controls Segment: Percent Revenue Breakdown, Global, 2015
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Global Programmable HVAC Controls Market Specific to 
Chillers Segment 

Note: All figures are rounded.  Source: Frost & Sullivan analysis.

Region
Revenues
($ Million)

(%) Share of Chillers 
in Total Market

Revenues for HVAC 
Controls Specific to 

Chillers
($ Million)

North America 4614.2 36 1661.1

Europe 3316.5 30 1061.3

APAC 3028.1 22 666.2

Rest of the World 3460.7 38 1315.0

Global 14419.38 4614.2

Programmable HVAC Controls For Chillers : Revenue Breakdown, Global, 2015
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North American Programmable HVAC 
Controls Market
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Market Engineering Measurements
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North American Programmable HVAC 
Controls Market
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Programmable HVAC Controls Segment
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Programmable HVAC Controls – Market Dynamics



29

Programmable HVAC Controls - Revenue Forecast
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Revenue Forecast Discussion
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Revenue Forecast by Vertical Market 
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Revenue Forecast Discussion by Vertical Market 
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Market Share Analysis
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Middle East District Cooling Market
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District Cooling Mechanism 
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District Cooling – End User Segments
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Executive Summary—Market Engineering 
Measurements

Market Stage

Mature

Market 
Revenues

$2634 M

(2016)

Base Year 
Market Growth 
Rate

(15.0%)

Customer Price 
Sensitivity 

9

(scale:1 [low] to 10 [High])

Degree of 
Technical 
Change 

5

(scale:1 [low] to 10 [High])

Market Size at 
End of Forecast 
Period

$5881 B

(2022)

Market Overview
Total District Cooling Market: The Middle East, 2016

Stable IncreasingDecreasing
Note: All figures are rounded. The base year is 2016. Source: Frost & Sullivan analysis.
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Global Data Centre Cooling Market
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Data Centre Cooling Market Overview
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Data Centre Cooling Market – Revenue Forecast
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Data Centre Cooling Market—Per Cent Revenue 
Forecast by Region
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Revenue Forecast by Region Discussion
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Revenue Forecast by Region Discussion (continued)
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Data Centre Cooling Market—Per Cent Revenue 
Forecast by Cooling Type
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Data Centre Cooling Market—Revenue Forecast by 
Cooling Type
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Revenue Forecast by Cooling Type Discussion
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Market Share Analysis



48

Competitive Factors and Assessment
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North American Energy Saving and 
Performance Contracting Market
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NA Energy Saving and Performance Contracting Market
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Market Definitions
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Market Definitions ……..(Continued)
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Market Definitions ……..(Continued)
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Market Definitions ……..(Continued)
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Market Segmentation by Energy Conservation Measure
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Market Segmentation by Vertical Market 
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Competitive Structure by Type of Supplier
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Market Drivers
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Market Restraints 
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Revenue Forecast
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Revenue Forecast Discussion
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Market Share
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Market Share Analysis
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Competitive Environment 
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Competitive Factors and Assessment
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Competitive Factors and Assessment (continued)
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Typical Contract Types 
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European Energy Saving and Performance 
Contracting Market
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European Energy Saving and Performance Contracting 
Market
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European Energy Saving and Performance Contracting 
Market – Key Findings
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Life Cycle Analysis by Country
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Business Models: OEM Thrives on Shared Savings
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Market Drivers
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Market Restraints 
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Revenue Forecast



76

Revenue Forecast Discussion
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Revenue Forecast by Country
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Revenue Forecast by Country Discussion



79

Revenue Forecast by Service Type
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Market Share
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Market Share Analysis
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Competitive Environment 
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Competitive Convergence from Neighbouring Markets: 
Examples of Tier-1 Participants
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Competitive Convergence from Neighbouring Markets: 
Complexity from Varying Service Models
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Patent Landscape Analysis and Review of 
Patents Relevant to Given Technology
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Patent search Scope

� Patent Mining Tool: Thomson Innovation

� Databases: US, EP, WIPO, Germany, France, Japan , China , Korea and Others

� Timeline: Last 20 Years (January 1, 1997 – April 20, 2017)

� Search Concepts: Following International Patent classification codes (IPC) and Key words were

used for

� Keywords: Chillers; Chilled Water; HVAC system; Controller; Control unit; cooling system

control; cooling system controller; Adjustment module.

� International patent classification codes

• G05B : Testing or monitoring of control systems or parts thereof

� In the profiling section, only unique DWPI patent families# are covered.

• *The DWPI is a value-added patent database available through Thomson Innovation. The value of DWPI is the result

of a thorough editorial process of classifying, abstracting, and indexing. Original titles and abstracts are rewritten to
reveal the actual invention and highlight the main uses and advantages of the technology.

• #DWPI families are constructed based on a novelty principle, where new members have matching technical content
with previous ones. The DWPI assembles information describing a patent family, starting with the new invention
(basic patent) and adding information about patents for the same invention issued in other countries (equivalents).
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Formulating
Search 

strategy
and 

Patent
Mining

1

2

Clustering of 
Search

Results by 
DWPI Families

Review of 
Relevant    to identify 

overlap with given 
Technology  

3

4

F&S formulated appropriate search strategy using 
keywords and classification codes to mine all 
patents/research papers wrt “Application of High 
Resolution Sensors in Cell culture and Tissue 
Morphology “.

Patent  search results were clustered based on 
DWPI Patent Families*. DWPI families are 
constructed based on a novelty principle.

Entire search results  were manually reviewed by 
our subject matter experts to identifying documents 
relevant to with given technology area

Each Relevant document was reviewed to check 
whether there is any overlap with given technology  

Manual  review 
to  identify

relevant                
patents 

Patent Landscape Analysis - Overall Approach
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Patent Distribution by Assignee Name

Source: Thomson Innovation

Only 12 patents and published applications were identified which were specifically relevant to given
technology. The exhibit below shows patent count-wise distribution of patent holders.
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US9250002, Assignee: Carrier Corporation

Source: Thomson Innovation

Use:
System for controlling an absorption chiller i.e. tri-
generation system, for simultaneously cooling and heating
to condition air of a building.

Advantage:
The absorption chiller is simultaneously controlled or
operated in a heating mode and a cooling mode so as to
simultaneously produce desired levels of the heating and
cooling. The system controls the absorption chiller to meet
priority cooling or heating, while maintaining chilled water
and hot water outlet temperature and associated control
valves automatically without violating chiller safe operating
constraints in a stable manner. The system modulates a
position of a chilled water valve so as to reduce a control
error.

Novelty: The system has a feedback control loop
determining desired adjustment to system heating
capacity based on difference between desired heating
capacity and realized heating capacity. A multiple-valve
controller simultaneously adjusts an energy input valve
position, a hot water valve position and a chilled water
valve position based on desired adjustment to system
cooling capacity and heating capacity and performance
maps characterizing relationships between heat energy
input to cooling and heat energy input to heating.
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JP2013160397A, Assignee: Daikin Industries 

Source: Thomson Innovation

Use:

System for controlling chiller installed in rooftop of
building.

Advantage:

The lifetime improvement of the chiller control system can
be achieved effectively. The trackability of the load
fluctuations at the time of starting the control system can
be ensured.

Novelty:

The system has several control units (Gr1-Gr3) which are
provided with a chiller (D1-D8). A unit control portion
controls the chiller corresponding to each control unit. An
integrated controller controls several control units
corresponding to the load with little operation time over
another control unit. The chiller of the control unit working
by the integrated controller is controlled.
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JP2011122812A, Assignee: Johnson Controls

Source: Thomson Innovation

Use:

Controller for chiller used in building management system.

Advantage:

The processing electronics control setpoint for the chiller using the
surface map calculated for the three dimensional coordinate
system, thus increasing the chiller efficiency by determining that a
variable speed drive (VSD) is set to a lower frequency and avoiding
generated surge point.

Novelty:

The controller has processing electronics that detect surge events
to calculate a point for each detected event in a three dimensional
coordinate system, which describes three conditions of a chiller
(14) when the surge event is detected. A surface map for the three
dimensional coordinate system is calculated. A setpoint for the
chiller is controlled using the calculated surface map by the
processing electronics. A surge region of the system is defined by
the electronics, which conduct control actions to prevent current
operating conditions of the chiller from reaching the surge region.
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US8774978, Assignee: Siemens

Source: Thomson Innovation

Use:

Demand flow device for use in a demand flow control
system (claimed) to manage performance of a chilled
water plant subsystem used to cool campuses, industrial
complexes and commercial buildings.

Advantage:

The device increases the operating efficiency of chilled
water plants and components, thus saving energy and
cost. The device is environment-friendly. The device
increases the life expectancy of the chilled water plants
and components by operating the components at chilled
water temperatures. The control of individual pumps of the
device is resulted in synchronized operation of the chilled
water plants, thus balancing flow rates in the chilled water
plants, and hence significantly reducing or eliminating low
delta T syndrome.



93

WO2016006872A1, Assignee: LG Electronics

Source: Thomson Innovation

Use:

Chiller e.g. water-cooled chiller and air-cooled chiller such as heat
pump air-cooled chiller, for air-conditioning a target area e.g.
building, shopping mall, floor space of building and floor space of
shopping mall.

Advantage:

The chiller reduces energy waste from heat sources that consume
lot of energy in the building through dynamic control of the chiller
unit or cooling tower supply temperature depending on load using
environmental variables leading to load changes as the chiller
determines the chilled water temperature of the chiller unit based
on the external load information and the internal load information,
thus reducing building energy consumption. The chiller prevents
abnormal operation of the chiller unit by avoidance and control of
factors that cause abnormalities of chiller unit operation.
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Patent Landscape Analysis - Key Findings

� Patent landscape analysis was conducted to understand patenting activity during last 20 years in given

technology area. Patenting activity shows that R&D that is being carried out in this sector is being

significantly converted for acquiring intellectual property protection.

� Patent search results were manually reviewed by our subject matter experts to identifying documents

relevant to with given technology area. Only 12 patents/published application were found that were

specifically relevant to given technology area. Detailed review of above documents shows that no direct

technological overlap was noticed with OEM’s patent and hence OEM has an unique solution in the

market.

� Review of patent filings across different patent offices shows that The United States patent office

witnessed highest patenting activity among major offices globally. This trend suggest that various

multinational corporation consider USA as one of the key potential market and seeking to protect their

intellectual property in USA. Japan, China and South Korean patent offices also witnessed patenting

activity.
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Technology Due-diligence
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Energy Management Control Sridharan 
Raghavachari

The technology was
evaluated based on
several criteria that
are broadly classified
as follows.

• Market-fit for the
given technology

• Competitive patent
landscape

• Technology Due-
diligence

The scoring ranges
from 0 to 10 with 0
being the least
favorable and 10 as
most favorable.
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Valuation of OEM’s Technology/IP and 
Business Model 
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Valuation of OEM’s Technology / IP and Business Model

Business Model Valuation

Based on amount of cash flow
generated by adopting various
Business Contract Models specific to
Energy Efficiency improvement

Technology / IP Valuation

Based on royalty based cash flow
that an asset is expected to generate
over its useful life.

Total Risk Adjusted Net Present Value (rNPV)Total Risk Adjusted Net Present Value (rNPV)

Scenario-wise Addressable Market Royalties based Cash Flow
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METHODS

COST APPROACH

Based on the current cost of 

reproducing the asset in 

order to determine the value 

of the asset.

Disadvantage:

• Ignores changes in the

time value of money and

ignores maintenance cost.

• Does not account for

market demand.

MARKET APPROACH

Estimated from prices paid in

actual market transactions or

from asking prices for similar

assets, which are available for

purchase.

Disadvantage:

Lack of data and

comparability of transactions.

INCOME APPROACH

Based on amount of cash flow
that an asset is expected to
generate over its useful life.

Key points:

• Identify revenue portion
generated by IP.

• Anticipate growth in
projections.

• Anticipate duration in
revenue.

• Evaluate risks affecting
projections (market, IP,
technology).

Methods of IP Valuation
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IP Valuation - Methodology

• Frost and Sullivan team used income based approach for IP

Valuation because this model allows flexibility to do valuation under

different scenarios. Key aspects of this model are highlighted below.

• This model is based on estimation of royalty payments from which

the company is relieved due to its ownership of the asset.

• Based on royalty rates, it computes future royalty income stream

over the life cycle of given technology.

• After estimating future royalty income stream, a discount rate is

applied to determine the Net Present Value (NPV) of the IP assets.

• Then, a risk adjustment factor is used as a multiplier on the NPV to

arrive at the Risk Adjusted Net Present Value (rNPV).

• Risk adjustment factor is calculated based on several parameters

such as company’s patent portfolio volume and patent strength,

competitors patent portfolio volume and patent strength, stage of

development in IP life cycle etc.

Potential Market Size Estimation

Market Penetration Rate Estimation 

Estimation of Maximum Addressable 

Market Size

Estimation of Royalty Rates

Estimation of Future Royalty Income 

Stream over the life time of given 

technology

Estimation of NPV

Risk Adjusted Net Present Value (rNPV)

IP Valuation Model – Key Steps
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IP Valuation - Key Data point and Assumptions 

• Market size estimates and growth rates for above segments were sourced from Frost & Sullivan database.

• Market size estimation for HVAC Controls Specific to Chillers Segment was done based on data sourced
from Frost & Sullivan database. This data is available on next slide.

• Market Penetration % is % of existing market to be substituted after introduction of products using OEM's
technology. This is estimated based on several market, technology and IP assets related parameters.

• Maximum Addressable Market Size = Potential Market Size X Penetration Rate

• Royalty Rates were estimated based on historical review of comparable deals in the industry. Total
Royalties are calculated by adding up royalty data from year 2018 to 2022.

• After estimating future royalty income stream, a discount rate is applied to determine the Discounted cash
flow. No specific data for Chillers industry was available so average rates for the Energy and Environment
industry were considered. Cost of Capital for Discounted Cash flow and Net Present Value Calculations: 9
% (Data Source: S&P Capital IQ)

• After estimating Net Present Value (NPV) of the IP assets, a risk adjustment factor is used as a multiplier
on the NPV to arrive at the Risk Adjusted Net Present Value (rNPV).

• Here, Risk adjustment factor of 2/3 is considered based on completive patent landscape review.

• Several factors such as patent volume, patent strength, patent status (application/ grant), stage of
development were considered to arrive at Risk adjustment factor. Data was sourced from unbiased third-
party database Thomson Innovation.
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Global Programmable HVAC Controls Market Specific to 
Chillers Segment 

Note: All figures are rounded.  Source: Frost & Sullivan analysis.

Region
Revenues
($ Million)

(%) Share of 
Chillers in Total 

Market

Revenues for 
HVAC Controls 

Specific to 
Chillers

($ Million)

CAGR
(2015 – 2022)

North America 4614.2 36 1661.1 5.3

Europe 3316.5 30 1061.3 4.4

APAC 3028.1 22 666.2 5.6

Rest of the World 3460.7 38 1315.0 4.7

Global 14419.38 4614.2 4.9

Programmable HVAC Controls Market For Chillers : Revenue Forecast, Global, 2015

Revenue Forecast for HVAC Controls Specific to Chillers, Global, 2017 ($ Million): 5077 
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Market Size Data for District Cooling and Data Centers 

District Cooling

Data Centers

District Cooling Market: The Middle 
East, 2017

• 2924 (In Million US $)

• CAGR for period 2018 - 2022: 15%

Global Data Centre Cooling Market, 
2017

• 5417 (In Million US $)

• CAGR for period 2018 - 2022: 10%
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Data Points Used for Business Model 
Valuation



105

Global Energy Saving Performance Contracting Market 
specific to HVAC and Building Automation

Note: All figures are rounded.  Source: Frost & Sullivan analysis.

Region
Total Revenues

($ Million)

(%) Share of HVAC 
and Building 

Automation Market

Revenues for Global Energy 
Saving and Performance 

Contracting Market specific 
to HVAC and Building 
Automation ($ Million)

North America 7597.3 - -

Europe 6015.2 - -

APAC 3403.1 - -

Rest of the World 4253.9 - -

Global 21269.5 31 6593.6

Global Energy Saving Performance Contracting Market specific to HVAC and 
Building Automation: Revenue Breakdown, Global, 2017
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Scenario-wise Risk Adjusted Net Present Value (rNPV) 
for Global HVAC Controls Market Specific to Chillers

Scenario 1

Geographical 
Coverage –

Global

Scenario 2

Geographical 
Coverage –

North America

Scenario 3

Geographical 
Coverage –
Middle East

rNPV Value at 5 % Royalty Rate $ 9.88 Million $ 3.46 Million $ 1.86 Million

rNPV Value at 3  % Royalty Rate $ 5.99 Million $ 2.07 Million $ 1.11 Million

rNPV Value at 1 % Royalty Rate $ 2.00 Million $ 0.69 Million $ 0.37 Million

• Risk Adjusted Net Present Value (rNPV) of OEM's IP assets are calculated based on a mathematical
model developed by Frost and Sullivan. rNPV was calculated under three different scenarios. These
scenarios were considered based on number of countries to be penetrated and level of penetration during
the life cycle of given technology.

• For Royalties and rNPV estimation, we have made assumption that lifecycle of OEM's technology would
be about 5 years. Therefore, calculations were made using 5 years time frame (2018- 2022)

• Trademarks and knowhow are estimated to be worth 0.5 Million USD.
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OEM’s Technology / IP Value Range (Market-wise)

rNPV for Global HVAC 
Controls Market Specific to 

Chillers

$2.00 Million------------------->$ 9.88 Million

rNPV for The Middle East 
District Cooling Market

$1.54 Million------------------->$ 7.72 Million

rNPV for Global Data 
Centre Cooling Market

$2.36 Million------------------->$ 11.81 Million

Risk Adjusted Net Present Value (rNPV)

Total rNPV $6.40 Million------------------->$ 29.91 Million

Trademarks & Knowhow $ 0.5 Million
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Total Risk Adjusted Net Present Value (rNPV)

Technology / IP 
Valuation

Business Model 
Valuation

Risk Adjusted Net Present Value 
(rNPV) for Technology / IP Valuation

$6.40 Million-------------->$ 29.91 Million

Risk Adjusted Net Present Value 
(rNPV) for Business Model Valuation

$10.81 Million----------->$ 32.44 Million

$17.21 Million------------------->$ 62.35 MillionTotal rNPV
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THANK YOU


