Aston University

Some pages of this thesis may have been removed for copyright restrictions.

If you have discovered material in AURA which is unlawful e.g. breaches copyright, (either
yours or that of a third party) or any other law, including but not limited to those relating to
patent, trademark, confidentiality, data protection, obscenity, defamation, libel, then please
read our Takedown Policy and contact the service immediately




THE DEVELOPMENT OF HEAT RECOVERY EQUPMENT
FROM CONCEPTION TO COMMERCIALISATION

By

NIGEL EDWARD KIRKWOOD

A thesis
submitted for the

Degree of

Doctar of Philosophy

The University of Aston in Birmingham

JANUARY 1983



BEST COPY

AVAILABLE

Varalile nrnl quality



THE DEVELOPMENT OF HEAT RECOVERY EQUIPMENT
FROM CONCEPTION TO COMMERCIALISATION

A thesis
submitted for the

Degree of

Doctor of Philosophy
By
NIGEL EDWARD KIRKWOOD

Summary

A comprehensive survey of industrial sites and heat recovery products
revealed gaps between equipment that was required and that which was
available. Two heat recovery products were developed to fill those gaps:
- a gas-to-gas modular heat recovery unit;
- a gas-to-liquid exhaust gas heat exchanger.

The former provided an entire heat recovery system in one unit. It was
specifically designed to overcome the problems associated with existing
component systems of large design commitment, extensive installation and
incompatibility between parts. The unit was intended to recover heat
from multiple waste gas sources and, in particuler, from baking ovens. A
survey of the baking industry defined typical waste gas temperatures and
flow rates, around which the unit was designed.

The second unit was designed to recover heat from the exhaust gases of
small diesel engines. The developed unit differed from existing designs by
having a negligible effect on engine performance.

In marketing terms these products are conceptual opposites. The first, a
'product-push' product generated from site and product surveys, required
marketing following design. The second, & 'market-pull' product, resulted
from a specific user need; this had a captive market and did not require
marketing. Here marketing was replaced by commercial aspects including
the protection of ideas, contracting, tendering and insurance
requirements. These two product development routes are compared and
contrasted,

As a general conclusion this work suggests that it can be benefical for
small companies (as was the sponsor of this project) to undertake projects
of the market-pull type. Generally they have a higher prabability of
success and are less capital intensive than their product-push counterparts.

Development revealed shortcomings in three other fields: British
Standards governing heat exchangers; financial assessment of energy saving
schemes; degree day procedure of calculating energy savings. Methods
are proposed to overcome these shortcomings.

Key Words
Waste heat recovery, new product development, industrial ovens, diesel
engines.
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ENERGY CONSERVATION - AN INCREASING AWARENESS

1.0 Introduction

In recent years the world has seen a significant increase in the price of
energy. This has created an acute awareness within industry of energy
usage, and the need to reduce it. This increasing concern is reflected in
an eagerness to 'save it' that has prompted critical appraisal of many

processes.

For companies without the technical expertise necessary to achieve this,
new organisations have been established to service this once dormant
demand. This chapter describes the world energy situation, the
establishment of a company within this new market and the development

of two products that service these new industrial needs.

L1l Rising Energy Costs

Following the Arab/lsraeli conflict of 1973 [1,2] and the resulting oil
embargo [3], the price of crude oil quadrupled [41 OPEC sponsored price
increases have continued this rise [5), figure 1.1 [6] showing this increase
together with that of other fuels. (Two authoritative accounts of these
events are detailed in [7,8D. More recently political events, exemplified
by the Iranian Revolution of 1978 [9,10] and the Iran/Iraq conflict of

1980/1982 [11,12] has threatened the very supply of this oil.

"

ot odl iiren 10

CostIT) (E 000's)

Kooy el ol
(™

Figure 1.1 Industrial energy cost increases
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This highlighted the need to reduce the dependence on the oil supplying

countries and to increase the life of existing supplies.

To an extent this can be achieved by market forces. As energy prices
become an increasing part of product cost, the incentive to 'save it'
becomes greater. This, however, has a limited effect as energy
constitutes only 3 to 4 per cent [13] of the total product cost in most
industries, except cement, petrochemicals and steel [141 It has been
stated, both in the U.K. [15,16] and the U.S.A. [17], that very substantial
increases in energy costs will achieve only merginal reductions in
consumption; to obtain "a rapid drop in demand by 3 per cent would
involve raising nominal energy prices by over 22 per cent" [18l Strong
political support may be required to augment effects to achieve
conservation [19] and it has been suggested that "much stronger mandatory
legislation" [20] is required to overcome the "widespread indifference to

energy conservation which still exists in industry" [211
Although economics appear to have only a marginal effect on consumption,

the events since 1973 have created a greater awareness in the use of

energy and prompted considerable interest in its conservation.

L2 Energy Conservation Technologies

'‘Energy conservation' is a term covering a vast number of subjects from
the draught-proofing of windows to reduce heat losses, to multi-million
pound combined heat and power schemes (CHP) for more efficient
utilisation of primary fuel. Most energy conservation measures can be
grouped in three categories:

- general housekeeping;

- new production technology;

- retrofit technology.



1.2.1 General Housekeeping

General housekeeping is probably the least capital intensive of the
conservation technologies and usually offers the shortest payback times.
Much can be achieved by shutting doors and windows, turning off
unnecessary heating, stopping steam leaks, etc. [22]. It has been suggested
that up to 10 per cent of industrial fuel consumption may be saved in
this way [23] and, in some cases, new processes may be superseded to
economic advantage by general housekeeping techniques (241 Usually,
however, for major savings to be realised, other methods need to be

considered.

1.2.2 New Production Technology

Re-designing processes or developing new ones to save energy may
improve a company's competitive position [251 New production technology
is applicable throughout industry and involves a fundamental change in a
production technique. Rising energy prices may enhance the development
of new production techniques [26] and completely new processes have
evolved (for example, the dry forming of paper [27) that use considerably
less energy than their predecessors. These new technologies often
require heavy financial commitment over a long period of time, typically
10-20 years [28), and offer no guarantee of ultimate success. This is the
type of investment that industry, at present, may be unable to afford. In
the longer term, however, energy efficient processes must be considered

seriously as the only alternative [231

L23 Retrofit Technology

Retrofit technology provides an addition to an existing process or
production infrastructure; the original process remains largely unchanged,
but its primary energy consumption is reduced. Retrofit technology

encompasses many fields ranging from the use of low temperature



detergents to sophisticated heat recovery schemes. Often requiring less
capital investment than new technology, in the short term, retrofit offers
an immediate answer to a pressing problem - how to reduce energy

consumption.

In the present economic climate energy conservation is considered by
many companies to be of low priority, as it is generally thought that
"money saved is worth less than money made" [29]1 This is unfortunate as
such a short term decision could result in those companies being less

competitive when the economy recovers.

The Energy Technology Support Unit (ETSU) of the Department of Energy
is investigating 7 retrofit technologies, shown here in priority order [30}

- waste heat recovery;

- waste as a fuel;

- improved instrumentation and control;

- heat pumps;

- process insulation;

- industrial CHP;

- improved machinery drive;
Waste heat is considered the most important and one of the first

examples of such a scheme is described below.

1.3 A Pioneering Heat Recovery Installation

One of the first heat recovery schemes of major consequence is sited at
Weetabix Limited, Kettering, and was completed in 1978. This scheme
recovers heat from baking oven exhaust gases and provides all the space

heating for the 9290m? factory [311

The success of the installation is shown in figure 1.2 [321 This shows
how consumption of gas for space heating is virtually eliminated when the

heat recovery scheme is operating.
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Figure 1.2 Space heating gas consumption related to heat recovery plant
operation
The scheme's design, planning and installation brought together
considerable expertise from several industrial areas, and loose ties
between the different companies involved were formed as the project

progressed.

The novelty of the Weetabix Installation [33] commanded considerable
interest from the Department of Energy and resulted in much
complimentary press coverage. One article in Energy Management [34]
prompted over 150 enquiries. This level of response revealed British
Industry's interest in this newly developing field - heat recovery. It also
led to a proposal to set up an independent company whose brief was

specifically to design and install heat recovery schemes.

14 The Formation of a New Company

Expertise for such a company was available from within the companies
that installed the Weetabix heat recovery scheme [35]. The loose
associations that had been formed were thought insufficient to allow any
real penetration of the market, the potentially large benefits being
realised only through a properly constructed business organisation. A
survey at that time suggested the potential investment in capital

equipment for heat recovery to be £192 million [36].



A new company, the Watt, Joule & Therm Company, was formed in 1979
from selected staff of the original companies. Its technical section was
divided into two parts, design engineering and contracts engineering. It
was felt, however, that there was a need to identify factors in the
market place that were changing with the greater general awareness of
energy. A position should exist to investigate these factors in depth. A
developments engineering post was created and filled by a postgraduate
research student through the Interdisciplinary Higher Degree (IHD) scheme
at The University of Aston in Birmingham. This post provided a unique
position: it afforded access to all levels of the company, yet was outside
its hierarchy. External from this structure and responsible to the
managing director, the position was freed from everyday routine to apply

maximum effort to research. Figure 1.3 shows this structure.

Hensging Dirsctor
Developments
Pty
(1)
| ] 1
Design/Technicsl Centracts Markoting
Sales Support Hanager Naneger
11 | 1 | 1
Senior Desipn Senier Centrests Salew & Marketing
Engineers Enginesre Coordineters
Deelgn Contrects Senior Sales
Engineer Enginsers Posple
Drowght sesn Orsughtasn Sales Pocple

Figure 1.3  The sponsor's internal structure

L5 Analysis of Market Needs

For preliminary familiarisation the developments engineer was included on
many energy surveys. Much original data was collected, and this is

described in section 2.3 (page 20).

In the preparation of heat recovery schemes following these site surveys,

it was essential to have first hand and accurate information on the types

7



of heat recovery equipment available. A central information system was
set up detailing, as far as possible, all equipment currently available.

This 'product' survey is detailed in appendix 1 (page 153).

Initial site energy surveys revealed several shortcomings in existing

equipment and installation techniques:

existing schemes were made from components that usually occupied

physically large areas of site;

- no manufacturers produce all parts of a heat recovery system,
this sometimes leading to incompatibility between various
compaonents;

- disruption of site and pro-cess was often extensive while installation
was completed;

- very few items of equipment existed that could operate with high

temperature exhaust gases (i.e. above 450K).
These shortcomings were taken as the framework for specifying a new
type of product, the design brief of which was to overcome these

problems.

1.5.1 An Internally Generated Product Idea

The design of this new product was a project generated entirely within
the company (hereinafter referred to as the sponsor) as a result of
general familiarisation and market research. It shall subsequently be

referred to as the 'Internally Generated Product'.

The approach to the solution involved preliminary design work with a
subsequent market survey using conceptual ideas developed. Suggestions

obtained from this survey were fed into the development programme.

At the detailed design stage, a pre-launch market survey was conducted.



The response was favourable and prompted the building, installation and
testing of a prototype unit. Following this, the final product was
launched.  Throughout the project, feedback from outside the company

was used to guide the product's development.

This is an example of a 'product-push' product, ideas having been created
within a company and tailored to market requirements by the use of
extensive market analysis [371 In some cases though, when a product
required is not available, a client may approach a manufacturer. With
this 'captive' market, no market analysis is required and the product is
termed 'market-pull' [37] This was the case for a second project - an

externally generated product.

1.5.2 An Externally Generated Product Idea

One energy survey revealed a client considering heat recovery from diesel
engine exhaust gases. These in-house engines were used in the testing of
lubricants and were operated under very stringent conditions. @A market
survey revealed that no heat exchanger commercially available could
operate in the sulphurous diesel gases at 800K and exhibit low enough

back pressure to ensure minimal engine interference.

This identified a second deficiency in the market, the specification now
coming from outside the sponsor. The design of a heat exchanger to
meet this exacting specification was the genesis of a second or

'Externally Generated Product'.

This project did not involve market research, all design parameters having
been supplied by the client. The first part of this product development
was the design, approval and testing of a prototype heat exchanger, 00l.
With the knowledge obtained from this, a second design was produced,
based on which, a total of 24 heat exchangers were finally manufactured.

9



1.5.3 A _Comparison of Internally and Externally Generated Products

The internally generated product resulted from work carried out entirely
within the sponsoring organisation. Market and product surveys were all
undertaken on ideas generated internally. Aimed at a mass market, the
risk in this type of development was high, but accepted, knowing the
large financial rewards that could be obtained if a commercially

successful product resulted.

The externally generated product, however, was defined by a source
outside the sponsoring organisation, a single client supplying all design
parameters. This development involved less risk, but less financial benefit
if a commercial success. A comparison between the internal, high risk
product to meet the demands of a mass market, and the external low risk
product to meet the demands of a highly specialised market, is the basis
of this thesis. How their development fits into this thesis framework is

now described.

1.6 The Thesis

This thesis highlights the similarities and contrasts the differences in the
development of product-push and market-pull products.’” The development
of both is traced from conception, through design and development, to

final commercialisation.

Chapter 2 details the sponsor's approach to heat recovery and describes
gite energy surveys. These, together with a review of existing
technology, reveal two market gaps, one for a product-push product and
one for a market-pull product. Chapter 3 describes the technical aspects
of both giving specification and design details. Development and cost
reduction exercises are also included. Market aspects, including test
marketing, brochure design, exhibitions and market launch, are most

applicable to product-push, and these will be described for this product in

10



Chapter 4. Market-pull, however, requires little marketing input.
Commercial aspects feature more prominently here and include protection
of industrial ideas, contracting and tendering, and insurance requirements.
These are discussed in chapter 5. The installations in which the two
products were tested are described in chapter 6.  Payback of these
systems is discussed together with a method for calculating the savings
obtained when recovered heat is used for space heating. Chapter 7
assesses thé success of both products, both from their technical and
commercial viewpoints, and gives a cost/benefit sanalysis for ‘each.
Chapter 8 reviews the equipment available as a result of this project and
discusses further work in this and related fields. The total potential for
energy saving is also considered, should the products go into widespread
use. To complete this thesis a review of the IHD scheme, through which

this research was conducted, is given.

Chapter 2 now describes the early stages of the project - the conception

of two products.

11



2.0

2.1

2.2
2.2.1
2.2.2

2.2.3
2.2.4
2.2.5
2.2.6

2.3

2.4

2.5

2.6

2.7

THE TION OF NEW HEAT Y 1S

The Early Project
Stagea of a Heat Recovery Project
The Site Survey
The One-Day Survey
Identification of Waste Heat Sources
Waste Heat Contained in Gases
Waste Heat Contained in Water and other Liquids
Weste Heat Contained in the Product Itself
Quentification of Waste Heat Sources
Utilisation of Recovered Heat
Site Survey Analysis Techniques
The Extended Survey
Site Survey Data
Product Survey
A Market Gap Discovered
A Proposal for a Modular Heat Recovery Unit
Proposal for an Exhaust Gaes-to-lL iquid Heat Exchanger

12



THE CONCEPTION OF TWO NEW HEAT RECOVERY PRODUCTS

2.0 The Early Project

The first four months of the project, from September to December 1979,
were used as an introductory period to the sponsor and the technology of
the industry. Site work was undertaken that gave first-hand information
on waste heat sources and subsequent analysis revealed how this heat
could best be recovered and utilised. Much information was gathered on
these sources and the equipment produced to exploit them. As a result

of this work two market gaps were discovered.

This chapter traces the development of the early project from initial
introduction to the sponsor on 4th September, 1979, to the conception of
two products, born out of numerous site surveys, before Christmas of that
year. The sponsor's approach to heat recovery schemes and to site
surveys is described, together with methods that were developed for their
efficient execution. The chapter finishes by giving the specifications of

the two products,

21 Stages of a Heat Recovery Project

Inundated with enquires from the installation at the Weetabix plant (see
section 1.3, page 5), a fast and efficient method of answering them was
required. An eight-stage plan was developed and this is shown below.
1) Initial meeting with the client to carry out site survey.
2) Assess potential for the application of heat recovery and the
utilisation of the recovered heat.
3) Design a scheme that most suitably links recovery and utilisation
of that energy.
4) Examine funding from external sources (e.g. energy demonstration

grants), then prepare a financial report and tender.

13



At this stage the client assessed the value of continuing with heat
recovery. Financial constraints, for example, may have made further work
pointiess. If, however, the proposals in 4 were accepted, stage 5 was
started.

5) The proposal in 3) was augmented with a second more thorough

survey from which, a detailed design was completed.

6) Install the heat recovery scheme.

7) Commission the system and train staff in its operation and use,

8) Monitor the system for correct operation.
Stages 1 to 4 were carried out at no cost to the client, stage 5 being
undertaken using standard consultancy fees. Should the sponsor install the

proposed scheme, this fee was subtracted from the overall contract value.

The site survey was an essential early stage as it collected information
on which all subsequent analysis and decisions were based. This
importance has been recognised and the site survey is now described in

detail.

22 The Site Survey

Site surveys were the first stage in the design of a heat recovery
system. They measured the potential for heat recovery and ways in
which best to utilise it. Providing a platform from which to interview
the potential client, they allowed a personal assessment of the client's
enthusiasm for the application of heat recovery at that site. Surveys fall

into two catagories, one-day surveys and extended surveys,

2.21 The One-Day Survey

The one-day survey had to gather sufficient information to make an
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assessment of the potential for heat recovery. Of equal importance was
the identification of uses for the recovered heat. The purpose of the
one-day survey can be summarised as follows:
- identify possible sources of waste heat and quantify them;
- identify uses for the recovered heat (it should be stressed that
utilisation is of equal importance to recovery, as one without the
other is worthless).

These two are now discussed.

2.2.2 ldentification of Waste Heat Sources

There are three main sources of waste heat: hot gases; water and other

liquids; the product itself.

Waste Heat Contained in Geses

Waste gas sources can be identified at two levels, site level and process

level.

At site level, although general observations ere made, they are
supplemented by other techniques and considerations including:

- heat haze techniques - from a good vantage point can heat haze
be seen rising from factory roofs, flues or ventilation ducts? This
may identify areas worthy of further investigation;

- snow melt technique [38,39] - after a light snow fall can areas be
seen from which the snow has melted?

- thermographic surveys [40,41});

- external consultants - could consultants employed under the
One-Day Survey Scheme [42] detect sources of heat loss that,

through familiarity, resident engineers have overlooked.
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At process level the approach is more detailed:

- are flues exhausting directly to the atmosphere?

- is it so hot in any part of the plant that heat extraction is
used? Can this heat be ducted to another part of the plant that
requires heating?

- extract fans in walls and ceilings may no longer be required. Can
they be turned off, or sealed off, permanently?

- can hoods be positioned closer to the process? If not they are
extracting warmed factory air in addition to unwanted fumes;

- can steam plumes be eradicated at source?

This list is not exhaustive and is given only to show the general type of

questions that can be asked on the survey exercise. Detailed lists are,

however, given in references [43-571 The above show a bias towards

prevention as this is cheaper and saves more energy than retrofit cure.

Waste Heat Contained in Water and Other Liquids

There are several areas worthy of investigation:

steam condensate - can condensate be returned to the boiler? If
impractical, attempts should be made to use it in-situ.

process cooling water - this is often hot and subsequently cooled
using blast coolers. Could the heat be extracted by interprocess
heat transfer?

waste process water - often contaminated, this water (or other
liquid) can be overlooked as a heat source. With the use of
corrosion resistant heat exchangers this may be utilised to

advantage.

Location of liquid sources may require detailed investigation on the shop
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floor. Discharge to drains or disposal by contractor can incur costs, and
information from the finance department on effluent charges may be of
value in pin-pointing possible sources of waste heat. Utilising these

sources can provide heat and reduce disposal costs.

Waste Heat Contained in the Product Itself

Products may contain residual heat from the process. In one case
crucibles were removed from a kiln at over 1470K and left to cool. Now,
however, ambient gas (air) is drawn over them, to be preheated and fed
to kiln burners, cooling the crucibles from 1470K to 500K. This gives an
energy saving of 3 per cent for the overall process and a secondary

advantage of reduced product cooling area due to shortened cooling time.

Having identified the sources of waste heat they must be quantified.

223 Quantification of Waste Heat Sources

Four parameters are required in calculating the quentity of heat available
from waste sources: volume or mass flow rate; temperature; moisture
content; specific heat capacity. Details of these, and the instruments
used to measure them, are given in appendix 2 (page 174). In some cases
moisture content and specific heat capacity were calculated or

manufacturer's data consulted.

For liquids and solids the quantity of heat available for recovery can be
calculated using standard formulae [581 In 89 per cent of site surveys,
however, the waste heat source was gaseous (see table 2.2, page 21), and

quantification of this type of source is given below.

The potential for heat recovery from a gaseous source is given by the

formula:



HR:m(hl-hz) Ry, 5 |
where HR = heat recoverable o s W B (kW)
m = mass flow rate e o oo J(kgls)
h) = enthalpy at waste gas temperature, t, e+« (kd/kg)

h, = enthalpy after heat recovery at
temperature, t, v oo« (kI/kg)

In virtually all cases the waste gas consisted mainly of air. For waste
gas (assuming it to be air and water vapour), taken from a datum of h, is

zero for dry air at 273K (0°C), h, is approximated using:

hy = (t':p)t1 + (2501 + 1.805t,) mc i 5 wiid [59]
where h; = enthalpy at waste gas temperature, t, e« oo (kd/kg)
cy = specific heat of gas e oo o(kI/kgK)
ty = waste gas temperature U 5
mc = moisture content of gas* .+« + (kg/kg)

h2 is calculated using equation 2.2, but at o the temperature to which
the gas is reduced following heat recovery. The greater the difference
between t‘l and I:2 (and hence h1 and hz) the greater the potential for
heat recovery. tz is a particularly sensitive temperature and in some
cases, especially where high sulphur content fuels are burnt, t2 should not
drop below the acid dew point of the gas. Condensation occurs below
this temperature which may accelerate corrosion and reduce heat recovery
plant life. In calculating the potential for heat recovery this factor
should be considered to give a value for t, that is suitable for the
application. Table 2.1 gives acid dew points for some common fuels.
Optimising the heat's subsequent use is often the most difficult stage of

the entire evaluation,

* moisture content is also known as humidity ratio and is defined as
the mass of water vapour to the mass of dry air contained in the
sample.

18



Fuel Approximate Dew Point
General sulphur containing fuels 380K - 423K

Coal (good Midland) 300K - 340K

Coal (bad sulphurous) up to 425K
Heavy fuel o0il 415K

Light fuel oil 415K

Natural gas 343K

Table 2.1 Dew points of exhaust gases from the combustion of
some common fuels [43, 60-62]

2.2.4 Utilisation of Recovered Heat

In the utilisation of recovered heat it is important, not only to find a use
for the heat, but to find the most cost-effective use possible. There are
two areas in which heat can be re-used, process or space heating. For a
process operating 8 hours per day, 5 days per week, 50 weeks per year,
the potential usage of recovered energy is 2000 hours per year. If used
for space heating, for a 30 week heating season, this potential is reduced
by 40 per cent to 1200 hours. Process applications invariably offer the
best utilisation of heat and this was considered when site surveys were

conducted.

Site surveys accumulated large quantities of information. In a few of the
initial one-day surveys some figures were overlooked. To avoid this

recurring, standard survey forms and analysis techniques were developed.

225 Site Survey Analysis Techniques

Although every site was different the information collected was similar.
This enabled standard survey forms to be developed that could be

completed on site during the actual survey. These are shown in appendix
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3 (page 176). To complement the forms a suite of computer programs
were developed to aid later analysis. Use of the computer improved
accuracy, minimised the risk of error and reduced analysis time, on

average, from 3 days to 1 hour,

The one-day survey was a preliminary assessment of the plant to ascertain
the potential for heat recovery and utilisation. An initial scheme was
designed around these findings and a report sent to the client. If the

proposals were accepted, a second more detailed survey was instigated.

2.2.6 The Extended Survey

This second survey was used to verify and extend initial findings.
Preliminary calculations allowed sizing of the heat recovery equipment
required; its exact location, ability to be accommodated within existing
buildings, loadings on existing structures, access to original plant and heat
recovery equipment, location and size of electrical and water supplies,
drainage connections and tie-in with process and/or space heating were all
parameters finalised during the extended survey. These surveys usually

lasted for up to a week.

From the onset of the project it was felt that little could be done to
improve heat recovery technology without information on the types of
waste heat available. These site surveys provided an ideal opportunity to
collect this information, first hand, which was then pooled in a central

survey index for future analysis.

23 Site Survey Data
Information gathered from site surveys on waste heat sources and
utilisation is given in appendix 4 (page 178) and summarised in table 2.2.

It shows the type of waste heat source, how it could be



utilised and, in percentage terms, the type of heat recovery system
specified. Gas-to-gas systems were the most common, being proposed in

62 per cent of cases.

Heat Source Utilisation Proposed Heat Recovery System

Ges | Liquid|Other|Gas | Liquid | Other | Gas/Gas | Ges/L iquid | L iquid/L iquid | Other

89% 8% X |62 33% 5% 62% 26% ™ 5%

Average payback of proposed 4.0 3.1 2.7 2.4
systems (Years)

In some cases mors than one type of heat recovery schems was recommended, and ALL
options considered are included in 'Proposed Heat Recovery System'. Eech 'Heat
Source' and 'Utilisation' has been included once only, so making comparison
between the two groups invalid.

Table 2.2 Summary of site survey results

By improving payback periods of gas-to-gas systems, either by cheaper
equipment or cheaper installation, viability of this potentially largest
market could be increased. This is considered further in section 4.2.2
(page 64). As a first step in achieving this, a product survey was

undertaken to review latest developments in the field.

24 Product Survey

This review, in October 1979, showed that no index of heat recovery

equipment manufacturers existed. The review was extended, with the
resulting survey providing an extensive and up-to-date record of heat

recovery equipment available, and, where it could be obtained.

The product survey was started in October 1979 and added to throughout
the project. Survey details are given in appendix 1 (Al.2, page 156)
together with a user index (Al.l, page 155) Since 1979 several
professional registers of energy saving equipment have been published.
These, together with other useful sources of information, are detailed in a
bibliography in Al.3 (page 154) and Al.4 (page 173).
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limited further analysis to gas-to-gas systems only (this decision is more

strongly justified in section 3.1.1, constraint 2, page 30)

Wante heat source
lenhaush gas from event)

Exhaunt got dumped e stmasphery
[if mol required)

1) Heat exchanger

2 Filters

3 Fans

& Interconnecting ductwork

Figure 2.1 A typical gas-to-gas heat recovery scheme
A typical gas-to-gas recovery scheme is shown in figure 2.1. It has 4
main components.
1) The heat exchanger.
2) Filters - waste gas and fresh gas filters.
3) Fans - waste gas and fresh gas fans.
4) Interconnecting ductwork between 1, 2 and 3.
This 'component' system comes under criticism from several viewpoints:

invariably several manufacturers' equipment is used in one system.

This can incur incompatibility problems;

1

the installation, with its associated plant disruption, can take
extended periods of time;

large floor area is often required;

- such systems incur large in-house or external design commitment.
In its favour the component system offers complete flexibility of design.
There was, it was thought, however, a need for a new system with the
flexibility of the component system, but which overcame the problems

associated with that type of design.
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A modular heat recovery unit was envisaged to supplement the existing
component approach. This unit would consist of three individual sections,
a heat exchange, filter and fan section. Gas passages within all sections
would obviate the need for external interconnecting ductwork. The
sections would be delivered to site in one load and simply bolted
together, providing a complete heat recovery system in one box. Each
section would be chosen from a range of compatible modules, the modules

containing a variety of equipment to suit many applications.

The initial idea was to develop a unit that could be selected simply, by
senior management - the people with the authority for ordering such
equipment. The supply of an entire heat recovery system in one box
would minimise the need for in-house design time, or consultants, and this
would most likely be recognised by senior staff, one of their tasks being

in-house cost reduction.

The 'modular' heat recovery unit or MHRU was conceived as a result of
this market analysis. In the course of market research, however, an
enquiry was received for a gas-to-liquid heat exchanger suitable for
recovering heat from diesel engine exhaust gases. This could not be
catered for by the gas-to-gas modular unit and, due to the enthusiasm of
the client, it was decided to develop a heat exchanger specifically for

this application.

2.7 Proposal for an Exhaust Gas-to-Liquid Heat Exchanger

The requirement for this purpose-built heat exchanger was a direct resuit
of a survey undertaken at the client's site. At this site lubricants were
assessed in diesel engines operating 240 hour continuous tests, All

exhaust gases were expelled to atmosphere. The results of the survey

can be summarised as follows:
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1) 21 engines (those which exhibited the greatest operating period
per year) were selected for heat recovery.

2) There was a constant demand on the medium pressure hot water
(MPHW) system. This system could be supplemented by heat
obtained from the exhaust gases.

3) By using a gas-to-liquid heat exchanger, water could be bled
from the MPHW 'return' main, passed through the heat exchanger
and heated to MPHW 'flow' temperature by the diesel engine
exhaust gases. The energy saved would be derived from the

existing boilers' reduced work load.

Table 2.3 gives a breakdown of output from a typical diesel engine per
unit of input [641 Approximately 32 per cent of the energy input is lost
in exhaust gases. At this site 2.27 x 108 litres of fuel are burned per
annum for lubricant testing, giving a potential for heat recovery
equivalent to 7.26 x 10° litres of engine test fuel. An exhaust
gss-to-liquid heat exchanger was required to achieve at least part of this

potential saving.

Parameter % of energy input
Shaft power 41
Loss to atmosphere through exhaust 32
Loss through radiation and conduction 3
Loss from cooling water 14
Loss from lubricating oil 4
Intercooling loss 6

Table 2.3 Output from a typical diesel engine

It was originally envisaged that an off-the-shelf heat exchanger could
have been purchased. One such device had a specified static pressure
drop of 2kPa. This magnitude of pressure drop was supported by
American data which stated that typical values for this type of equipment
would be in the order of 1.5kPa [49]1 These pressure drops were rejected
by the client as being too high. When pressed to give an acceptable

figure, the client suggested that exhaust design (and as the heat exchanger
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would be connected to the exhaust, so falls into this catagory) was a "bit
of a black art, and could not be specified. Static and dynamic pressure
drop through the heat exchanger should, however, be minimal®. This,
together with other client-specified design parameters, are given in table

2.4

Heat exchanger should exhibit the following qualities:
1) Ease of cleaning
Z) Minimal static and dynamic pressure drop
3) Replacable high risk parts (due to corrosion)
Heat transfer and other paramsters:

1) Exhaust gas temperaturs 811K
2) Minimum allowable gas temperature 383K
3) Exhaust gas flow rate 0.05kg/s
4) Water inlet temperature 366K
5) Water outlet tempsrature variable
6) Water flow rate variable
7) Diesel fuel sulphur content (maximum) 2%

Table 2.4 Specification for the exhaust gas-to-liquid heat exchanger

Following this unsuccessful attempt to find a commercially suitable device,
and using the specification supplied by the client, it was decided to
design a device for this particular application. This marked the start of

the externally generated product.

The development of this and the MHRU continued in parallel, the former
to meet specific requirements of a client, as stated in table 2.4, the
latter to meet a perceived short-fall in the market, as defined by market

research, in section 2.5,

This chapter has described the conception of the two products. Their

development, from initial design to prototype, is the subject of chapter 3.
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TECHNICAL DEVELOPMENT OF TWO NEW HEAT RECOVERY PRODUCTS

3.0 Introduction
This chapter traces, in detail, the technical development of the project.
It is divided into two parts:
- design and development of the internally generated Modular Heat
Recovery Unit (MHRU)
- design and development of the externally generated exhaust

gas-to-liquid heat exchanger,

3.1 Design and Development of a Modular Heat Recovery Unit

3.1.1 Design Approach for the MHRU

The general approach used in the design of the MHRU is shown in figure

3.1. The initial design brief was vague - to desigh a modular heat

[ Herist gep discovered I

|::1 mu::m-a |

DESICN CONSTRAINTS:
1)¥hich Industry?

2)¥hat typs of systea?
3)Whet temperature range?
4)What Mlow renge?

Stage 1
DESTON COMCEPT for o product | ]

FEASIBILITY STUDY: TEST MARKETING
1)merufecturing fessibility (with feedback ta design)
2)markst potentisl
Stage 3
OETAILID COMCEPTUAL
ORANINCS
MANUF ACTURERS : VALUE end FINNCIAL
RECOMMENDAT IONS AMALYSIS
Stage 4
BETAILED DESION MND

Stage 5
MK ACTIRE &F NE

Figure 3.1 Five stages in the design of the MHRU
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recovery unit. Contraints had to be applied to reduce the number of
design options, They were categorised as global constraints, used in the
conceptual stages of the project, and detailed design constraints used in

the latter stages.

Answers to the following four questions provided the global constraints
initially required:

constraint 1: should the MHRU be designed for a particular industry?

constraint 2: should it be gas-to-gas, gas-to-liquid or liquid-to-liquid?

constraint 3: what should be the operational temperature range(s)?

- constraint 4 what should be the operational flow range(s)?
The order of the above four was important. A particular industry may
have favoured one or other type of heat recovery system e.g. gas-to-gas.
For this reason it was important to define the market first. Once
defined, the type of system most popular in that market had to be
ascertained. Physical constraints then had to be specified, temperature

first, as this would ultimately effect the volume flow rate.

Constraint 1
The concept of the MHRU resulted from the site and product surveys, It
was initially thought that its design should be as universal as possible to
encompass applications in the largest number of industries. However, the
sponsor, being 50 per cent owned by a cereal manufacturer, Weetabix
Limited, had expertise biased towards the food industry and it was
thought prudent to aim the MHRU at this sector. The sponsor's
experiences, built up during the installation of the Weetabix system, also

supported this decision.



Constraint 2

To achieve maximum application potential, the MHRU had to be of the
same type as the most common heat recovery system in use, or proposed,
in the food processing sector. Details of installed heat recovery systems
proved difficult to obtain on a wide basis, so results of the previous site
surveys were used to find the most proposed type of system. Of the 62
surveys detailed in appendix 4, 25 were in the food processing sector. Of
these, 71 per cent proposed gas-to-gas systems, 26 per cent gas-to-liquid
systems and 3 per cent liquid-to-liquid systems. At a majority of sites
the heat source was oven exhaust gases and utilisation was pre-heating
combustion air, for oven burners, or space heating. To achieve maximum

market potential the MHRU would have to be a gas-to-gas device.

Constraint 3

With conceptual parameters defined, physical characteristics of the MHRU
were considered. In the food processing sector the main source of waste
heat is exhaust gases from baking ovens. The quantification of such
sources was needed to define the physical specification required by the
MHRU. The main parameters required were temperasture of exhaust gases
(quality) and their flow rates (quantity). A quality-quantity survey was
undertaken to obtain measurements of flue gases at operational sites
throughout the country. A total of 25 sites were surveyed having 83

ovens and 251 flues, details of which are given in appendix 5 (page 180).

Figure 3.2 shows the frequency of occurrence of measured exhaust gas
temperatures. In 47 per cent of cases temperatures were in the range
424K-473K, the average, from appendix 5, being 437.5K (164.5°C). Work

in the biscuit industry broadly supports this finding.



Frequency of otcurrence
¥
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Figure 3.2 Temperature distribution of baking oven exhsust gases

In the biscuit industry, baking temperatures range from 466K for soft
dough biscuits to 561K for cracker types [651 However, baking
temperatures are always hotter than exhaust gases, giving an actual
exhaust gas tempera‘ture range of approximately 440K-520K [661 The
upper limit is slightly greater than the range specified previously (of
424K-473K). However, the high temperature cracker type biscuits account
for only 14 per cent of the total biscuit market [67], leaving a majority
of lower temperature baked biscuits to fall into the prescribed range.

Heat sources can be considered as the primary side of a heat recovery
system and utilisation the secondary side. Table 3.1 shows the utilisation
of the recovered heat on the 25 sites analysed. In 68 per cent of these

cases utilisation required hot gas.

Utilisation % of Total
Space heating (hot gas) 36 ~
Pre-hsating combustion gas (air)
and other oven gas make-up 23 r 68
Pre-heating combustion gas and
space hsating 9
Boiler fesd-water pre-heating 14

Domestic and process hot

water heating 14
Other (absorption cooling) 4
100%

Table 3.1 Utilisation of recovered heat on 25 food processing
sites surveyed
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Again, to achieve the maximum potential market, these results show that
the MHRU should be a gas-to-gas unit capable of using hot exhaust gases

(in the temperature range 424K-473K) and providing hot gas for utilisation,

During the initial design stages this was the only temperature range
considered. Later, however, the MHRU's flexibility was expanded, and in
the final product 3 temperature ranges were available: 273K-323K;

323K-473K; 473K-773K (see section 3.1.6, page 47)

Constraint 4

Design flow rates for the unit were also defined by the quality-quantity
survey. The MHRU should (ideally) meet the heat recovery needs of an
entire process and for this reason analysis of flow is by total site output
of exhaust gas (appendix 5), not individual ovens. Figure 3.3 shows the

distribution of flow rates for the 25 sites surveyed.
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figure 3.3 Site flow rate distribution of baking oven exhaust gases

Dominance of small flow rates was noted (60 per cent of flow rates occur
in the range 0-2m°/s).  The spread of flow rates was also great, the
largest (15.57m3/s) being nearly 60 times the smallest (U.Z?mjls). It was
thought that two types of product were required:

- type 1: a unit for small flow rates up to 2m>/gs

- type 2: a unit for flow rates between 2m3/s and 10m7/s.
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The type 1 unit became a project undertaken, for the most part, by other
company staff. Its development is not detailed, but for completeness,

however, the final design is shown in appendix 6 (page 192).

The type 2 unit, although required in much lower quantities than the type
1, would, due to its higher flow capacity, enable the saving of greater
quantities of energy. This was the fundamental reason for pursuing this

units design in preference to type 1.

The type 2 unit was for flow rates between 2!113/8 and ll}m}/s. Some
measured flow rates were, however, greater than this. A preliminary
analysis suggested that units of more than lﬂm3ls capacity would be
physically large, structurally difficult to manufacture and of prohibitively
high cost (when compared with an existing component system). In view of

this, maximum throughput was limited to ll]m}/s.

Between Zm}ls and lﬂmjls, four overlapping flow ranges were envisaged,
these being shown in figure 3.4. (Above 2m3/a these ranges encompass 80
per cent of all requirements). In applications where the flow rate falls
into the overlap section, a choice could be made between two suitable

units, the larger having greater efficiency but costing more.

In range:B0% Out of range:20%

‘1
a
e Four MHRU flov ranges:
£ Range I 2-4m¥s
g Range II 3-5-2mYs
S Range IIl 4-5-7m¥s
g2 Range IV 6-10mY
& nge 6-10ms
S
a -
L4
(i

{2-6) (3-5-2) (&-5-T) 16=-10) (10¢)
Flow range (m¥s)
1 Due to overlapping flow ranges, results may be included in more than one range

Figure 3.4 How four flow ranges sslected for the type 2 MHRU fit market requirements
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Product design, the first stage of which was equipment selection, was

based on temperature and flow ranges to be accommodated.

3.1.2 Equipment Selection

The four basic parts of the gas-to-gas heat recovery system (heat
exchangers, filters, fans and interconnecting ductwork) were, for initial

design, considered separately.

The Heat Exchanger

The following qualities were defined that had to be exhibited by a heat
exchanger selected for use in the MHRU:

- suitable for gas-to-gas heat exchange;

- capable of operation in temperatures up to 473K;

- ability to handle gas flows between 2m>/s and 10m>/s.
Ein;hl:j heat exchangers were found that could accommodate these
requirements, four of which were selected for detailed analysis. Using 12
design parameters, a weighting and rating analysis was conducted to
select the most appropriate design. Details of the four devices and the

analysis of their suitability are given in appendix 7 (page 194).

Each type of heat exchanger analysed showed benefits in different
applications. This, coupled with such a close result from the
aforementioned analysis (169 and 182 being the lowest and highest scores
respectively), suggested that an MHRU design which could accommodate
any of the heat exchanger types may be advantageous. However, as a
starting point for initial design work, the plate heat exchanger was

selected as it received the best rating and was readily available.

Filters

All gases entering the MHRU had to be filtered for two primary reasons:



- particles not removed from gas flows could cause physical damage to
heat exchanger surfaces by impingement; they could cause clogging,
a change in pressure drop and a reduction in effectiveness as they
collect on heat transfer surfaces;
- in nearly all cases utilisation would require a clean filtered gas
supply.
Two classes of filters were required; high temperature filters for exhaust
gas filtration and low temperature filters for supply gas filtration. (When
the recovered heat is to be used for reheating recirculated gases, high
temperature filters may also be required on the low temperature side.)

The choice of filters is given in appendix 7 (page 194).

Fans

Adding heat exchangers and filters to an existing process causes an
increase in system resistance. In most cases this extra resistance is not
tolerable and fans - external to the process - must be added to enable
heat recovery to be accomplished with no detrimental effect to the
process. For this reason fans should also be part of the MHRU. The
unit required two fans, one for the exhaust gas and one for the supply
gas. Two fan types were found to be capable of the temperature and
flow requirements, axial and centrifugal. Centrifugal fans were selected,

as described in section 3.1.4 (page 42).

Interconnecting Ductwork

All interconnecting ductwork was to be incorporated into the heat

exchange, filter and fan sections.

With basic selection of hardware complete conceptual design work was

undertaken.
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3.1.3 Conceptual Design

The design concept of the MHRU was that it should be delivered to site
in one load, lifted into position and connected to source and utilisation
ductwork - this to provide a fully operational heat recovery system in one

box and in a fraction of the time of a component system.

Figure 3.5(A) shows a component system. The first stage of
modularisation was putting the separate parts of the component system
into individual boxes or modules, the interconnecting ductwork being
housed within each module (figure 3.5(B). This gave a squat system
occupying a large floor area (figure 3.5(C)). Site surveys showed that
floor area was more critical than height of equipment, and adopting this
as a design precedent, the system was turned through 900, reducing the
floor area by two thirds (figure 3.5(D)). The next step moved the two
filter sections to one end of the heat exchanger and the two fan sections
to the other (figure 3.5(E)). A single location for the filters would
facilitate maintenance and combining the fans would keep support
steelwork and wiring to a minimum. The final stage amalgamated the
separate filter modules into one section and the fan modules into another
(figure 3.5(F)). Gases would pass through the filter section first, then the
heat exchange and fan sections. Fans would be mounted down-stream to
draw the gases through the unit enabling them to handle the now filtered

(rather than unfiltered) gases.

This was the concept of the sectional modular heat recovery unit:
sectional, since the unit would be supplied in three sections, the heat
exchange section, the filter section (housing filters for both exhaust and
fresh gas flows) and the fan section (housing fans for both flows);
modular, since each section would be completely compatible with all other

sections.
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F igure 3.5 Modularisation of a comoponent heat recovery system
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J3.1.4 Detailed Conceptual Design

Although treated as a whole during the actual design, for the purposes of
description detailed design work is divided into four parts: design of the
three MHRU sections and their overall construction. To avoid any
anomalies at the extremes of the flow range (2m3/s or 10m3/s), the MHRU
was initially designed for operation in flow range I. MHRU sections were
designed for the largest flow in this range, all other flow rates then

being lower and so accomodated.

The MHRU was considered to have export potential and efforts were made
to keep dimensions below those specified for use with export containers.

This, however, was not possible.

In detailed design, hardware previously selected only by type, was defined
exactly. The design process was an open-ended problem solved by
iteration. With three sections to design, each dependent on the others,
proposed designs were changed as the design of other sections

progressed. As a starting point, however, the heat exchange section was

designed.

Heat Exchange Section

As shown in appendix 7 the optimum choice of heat exchanger " was
multiple Climate type I, plate units [68l Used in parallel these heat
exchangers cut down velocity and pressure drop through the MHRU, and
so keep absorbed fan power to a minimum. For the flow range defined,
two HVRH 095 heat exchangers were selected. To obtain minimum floor
area these where mounted on top of one another. The design problem
was moving gases from the filter sections, through four separate inlets on
the heat exchangers, and ducting them from four outlets to the fan

section. The problem and its solution is shown in figure 3.6.
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Figure 3.6 Ducting of gasas through hest exchange section
Hot gases pass into the heat exchanger via inlet plenums A and B. Gases
from inlet plenum A pass through heat exchanger 1 and fall into outlet
plenum C. Gases from inlet plenum B pass through heat exchanger 2 and
rise, also into outlet plenum C. Similarly, gases from inlet plenums D and

£ pass out from combined outlet plenum F.

To reduce the effect of pressure drop it was recommended that velocities
in such plenums should not exceed 15m/s [69]1 Velocity, for a given flow
rate, is dependant on the cross sectional area of the plenum. Here the
plenum's height was fixed and identical to that of the heat exchanger
inlet (0.583m) so the width was chosen to ensure 15m/s was not
exceeded. At the design maximum flow rate of 5.2rn3/s the total plenum
area required was 0.35m2 (5.2m°/s | 15m/s), giving a required total
plenum width of 0.6m (0.35m2/0.583m). Only half the total flow would be
handled by each heat exchanger, so making each plenum 0.3m wide. The

overall dimensions of the range II MHRU heat exchange section are given
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Figure 3.7 Preliminary dimensions of the hast sxchange
ssction for range 11 MHRU
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in figure 3.7. These dimensions (and others quoted in section 3.1.4) were

preliminary and did not include casing or structural steelwork.

With this type and make of heat exchanger, to accomodate various flow
rates more economically, the number of heat transfer plates, and hence
the length of the heat exchanger, can be varied. (The heat exchanger's
height and width remain constant throughout the range.) This enables
smaller (and cheaper) heat exchangers to be fitted into the standard
framework (which could be simply shortened) to accommodate flows in the

given range below 5.2m3/a more economically.

With the dimensions and layout of the heat exchange section complete,

this provided a base from which to start filter and fan section design.

Filter Section

The filter section had to be designed to accommodate those filters
selected in appendix 7. Although filter type had been decided, as each
application could be different, filter specifications (e.g. efficiency,

quality) were left to the client's discretion.

Panel Filters
Panel filters may be used for both exhaust and fresh gas flows. A
maximum working velocity of 2-3m/s was recommended over the face

of panel filters [70] giving a required filter media area of 2m2

at a
flow rate of 5. 2m3/s. Using the mast common size of filter (0.612m x
0.612m), the usable area of which is 0.3£|m2, the number of filters
required was 8ix. To be dimensionally consistent with the heat
exchange section, filters were mounted one filter wide In a stacked
zig-zag pattern, as shown in figure 3.8, A blanking plate was used to
cover the extra width available. A similar flow rate may be expected

on the other gas side and an identical arrangement of filters was used

there.
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Figure 3.8 Filter section, incorporating panel type filters

To allow mixing of the gases and a more even distribution through the
filters, a plenum chamber was added between filter and heat exchange

sections (figure 3.8).

Panel filters had to be withdrawn, either from the side or the front
for cleaning or disposal. Front withdrawal filters would have required
a plenum in front of the filters (in addition to the one behind) to
permit maintenance work. With the design precedent of minimum floor
area, side withdrawal filters were selected. The dimensions of the

filter section using panel filters is shown in figure 3.9
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Figure 1.9 Dimensions required to house filters for one gas flow in the MHRL
Bag Filters
Bag filters, due to temperature limitations, were only suitable for fresh
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gas flows. They were sized on a volume throughput per individual
filter. For the bag filters selected a throughput of 1.41m3/s was
obtainable [71], necessitating the use of four filters. These filters
were mounted in a 1x4 configuration, the dimensional requirements of
which are shown in figure 3.9. Side withdrawal filters were again

selected for minimum floor area.

Auto-Roll Filters

The auto-roll filter is, fundamentally, a large panel filter that
automatically changes itself when dirty (see appendix 7). For the flow
range required the AAF 3-88 was selected [721 Dimensions of the

auto-roll filter section are shown in figure 3.9

The auto-roll filter for range Il flow rates would have cost £617 [73],
compared with £33.54 [70] for the equivalent panel system. This
considerable cost increase, coupled with the dimensional incompatibility
of the auto-roll filter and heat exchange section, prompted a move to
supply auto-roll modules to special order only. Later design work

considered panel and bag filters only.

Fan Section

It was estimated that fans should provide 1000Pa pressure to overcome

the internal resistance of the MHRU, exhaust gas collection and heated

gas distribution ductwork. Both axial and centrifugal types could provide

this over the flow range required, but centrifugal fans were finally

selected for the following reasons:

. exhaust gases could be turned through 90° with this type of fan, to
be expelled vertically, or horizontally, as required (see figure 3.10,

page 43)

- a separate access section was needed for cleaning axial fans,
increasing the size of the fan section required. Access on
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centrifugal fans was integral;

- the fan section, even without access would have been 0.5m longer
using axial fans;

- centrifugal fans are of higher efficiency, giving reduced operating
costs;

- processes are often changed or modified. Changes of flow can be
more readily accommodated by the changing of pulleys and belts on
centrifugal fans, than by the changing of blade angles on axials;

- the typical speed of a centrifugal fan (at the specified flow rate)
would be 1000 rpm compared with 2850 rpm for an axial, making the
former quieter in operation. This is important on the fresh gas side
where noise may be transmitted along distribution ductwork to the
utilisation environment. (External silencers may have been required
should axial fans have been used;)

- centrifugal fans without silencers are of comparable cost to axial
fans with silencers.

For minimum floor area, the two centrifugal fans were mounted on top of
one another. The design of the fan section is shown in figure 3.10.

Gases from combined plenum C (figure 3.6, page 39) were ducted up into

Heat exchange section

e

Alternative vertical

exhaust discharge Fan section

Angled flov guide
Combined plenum F

Combined plenum C Planum H

Plenum G Horizental exhaust discharge

Figure 3.10 Fan section showing ducting of gases to upper and lower fans
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a second plenum, G, in which the upper fan's inlet was mounted. Gases
from combined plenum F were ducted down to plenum H, in which the

lower fan's inlet was mounted.

The fan section height was approximately 0.lm greater than the heat
exchanger section. Backward curved fans were originally specified for
the MHRU. In the Engart range of fans forward curved fans are,
however, slightly smaller [74] and in the final design this type were used

to obtain the necessary height reduction.

To help prevent vibration being transmitted through the MHRU, and help
reduce noise break-out along ductwork connections, both fans were
isolated from the unit using anti-vibration mountings and flexible ductwork

connections.

Fresh gas in

Cooled exhaust
gas out

Warmed fresh
gas out

Figure 3.11 Detailed conceptual design of the MHRU
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This concluded the detailed conceptual stage, the arrangement finally
adopted being shown in figure 3.11. Slight dimensional discrepancies

would be accomodated during detailed design and manufacture,

The casing of the MHRU was then considered in detail.

Case Construction

The casing of the MHRU served two functions: firstly it provided a
housing for the hardware giving the MHRU its modular construction;
secondly, it contained the gases to provide integral ducting. Since
temperatures up to 473K had to be accommodated, case insulation was
required to reduce heat losses and maintain safe external case

temperatures.

The future manufacturer of the MHRU, a company financially associated
with the sponsor, Air (Ventilation) Designs Limited, Tipton, suggested,
from experience, that the casing should consist of panels made from a
sandwich of insulation and galvanised steel sheets. These panels, together
with specially designed support steelwork or pentaposts are shown in
figure 3.12. Where access to the MHRU was required, sections of the

panels would be hinged, rather than permanently attached to pentaposts.

The following reasons were cited for the choice of the pentapost support

steel work:

pentapost material was easy and cheap to use;

- it could be used on all units in the range, so enhancing uniformity;

- existing manufacturing processes could accept pentapost construction,
keeping tooling costs to a minimum;

- it has been used extensively in the past and was proven on air
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Pentapost support steelwork

Casing panel

External sheet (18 gauge steel)

Pentapost recessed for
insulated casing panel

Internal sheet (22 gauge steel)

Insulation - fibreglass :totally enclosed
by sheeting for use in the food

processing industry

Figure 3.12 Pentapost support steelwork and double skinned insulating panel

handling units up to 24m>/s [75] (maximum MHRU flow rate for
combined exhaust and fresh gas flows would be 20m3/s);

- pentaposts were recessed to support insulating panels.

After completion of the casing design an estimate of construction cost
was obtained. For the range II MHRU the construction cost was £9000
compared with £4000 for an equivalent component system. This difference
was not justified by the inherent advantages of the MHRU, and a value

analysis exercise was instigated to try to reduce this difference.

3.1.5 Value Analysis Exercise
The aim of this exercise was to reduce the construction cost of the

MHRU to that comparable with a component system. The following were

considered:
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- divide the filter section into two compact, high utilisation units to
replace the existing large, under-utilised section. This would provide
a significant price reduction;

- use single skin construction for the case where possible e.g. fresh
gas inlet sections and access panels (which do not form part of the
internal ducting system);

- increase the size of panel used. This decreases the pentapost
workmanship required with only a marginal increase in panel
fabrication time;

- use the entire panel as an access section rather than, as originally,

having access panels within other panels.

These produced only small aesthetic changes in the MHRU but, when
costed, reduced construction to £4900, This figure was more comparable
to the target of £4000 and the design, incorporating the above
suggestions, was frozen and manufacturing drawings prepasred. All final
design details are contained in an MHRU reference manual produced for

the sponsor [761

The prototype was completed by 25th January 198l; its installation,

commissioning and testing is described in chapter 6.

Previous sections describe the design of a 'base' MHRU using a plate heat
exchanger for one temperature and flow range. In the final product three
choices of heat exchanger were available with three temperature régimes

and four flow ranges.

3.L6 A Design for Versatility

The MHRU is primarily a high temperature device, the requirements of

which made it more expensive than standard air conditioning equipment.
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To increase versatility and potential market for the unit a low
temperature version (273K-373K) was designed. Here specifications of the
casing, filters and fans were reduced giving an overall saving, over the
(medium temperature) base unit, of roughly £2000. By increasing the
specification of the casing, fans and heat exchanger a high temperature
unit was created. This, it was estimated, gave the MHRU a maximum

operating temperature of 750K for an increase, over the base unit, of

£1500.

In these temperature régimes, different types of heat exchanger may be
required. Appendix 7 suggests four types that could be usefully
incorporated in the MHRU, and figure 3.13 shows how heat wheel and
heat pipe heat exchangers could be fitted into the existing plate heat
exchanger section.  The fourth, the shell and tube device, has been
omitted from the options, its use being seen, in its gas-to-gas role, for
more rigorous industrial applications - those inherently valuing from

component system design.

From fiter
section

From fiMer
section

Figure 3.13 Heat exchange section incorporating heat wheel or heat pipe
heat exchangers
Given the options in temperature, flow rate, heat exchangers and filters

the MHRU offers a total of 108 combinations, the dimensions of which are

given in an MHRU sizing manual [771

This concludes the technical considerations used in the design of the
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MHRU: those of the exhaust gas-to-liquid heat exchanger are now

discussed.

3.2 Design of a High Temperature Exhaust Gas-to-l iquid Heat Exehm

This unit was developed as a result of an externally generated product
idea. The client, a multi-national company, was investigating the
recovery of heat from in-house diesel test engines. The following
sections describe how a heat exchanger was developed specifically for this

purpose.

3.2.1 Design Considerations

Design considerations were divided into two parts: global considerations to
determine the type of heat exchanger required; detailed considerations to

provide a specification for the heat exchanger.

The exhaust gas pipe from the engine was small (approximately 100mm).
To avoid any sudden expansion of the exhaust gases (and so keep back
pressure effects to a minimum) it was decided, at any early stage, to
design a heat exchanger with a similar cross-sectional area to that of the
exhaust gas pipe itself. This suggested the use of a concentric tube heat
exchanger. In order to obtain a more compact design, the use of

extended surfaces for the gas side would also be required.

The heat exchanger's specification was determined by the client and was
given in table 2.4 (page 26). " This indicated four factors that had to be

considered at an early stage in design: fouling, back pressure, corrosion

and heat transfer.

Fouling

Particles contained in diesel exhaust gases can settle on heat exchange
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surfaces and reduce operating efficiencies. If unchecked these deposits
may build up and can completely clog gas passages. To obtain compact
heat exchangers, extended surface tubing is often used and conventional
tubing of this type usually has fins helically wound around it. These fins,
however, form traps for sooty deposits and are difficult to clean when
fouled. Research has shown that tubes having a 5mm pitch, when used in
a cross-flow arrangement, completely clog to the full height of the fin
within 28 days of exposure to diesel engine exhaust gases [78]1 The same
report did conclude, however, that at a pitch of 8.5mm total plugging did

not occur.

The use of helically wound finned tubing provides many cavities and bluff
points that may foster the build up of sooty deposits, which as they
gather, in-turn increase pressure drop. This problem would be greater
should this tubing be used in longitudinal rather than cross-flow, as is the
requirement in this case. It has been shown [79] that total particulate
output from combustion is proportional to fuel sulphur content. This only
served to compound the problem as the client's engines normally operated
using medium (0.8 per cent) to high (2 per cent) sulphur content fuels.

These reasons prompted a search for an alternative extended surface tube.
A longitudinally finned tube would provide a solution as exhaust gases
flow along the fins providing a scraping action, so helping to prevent

excessive soot deposition.

Back Pressure

Back pressure can be divided into two parts, static back pressure and

dynamic pressure wave effects.

No definitive information could be found that gave design values for

pressure drop. An experimental heat exchanger for a 6643kW Del aval
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diesel engine had been designed in America producing a maximum pressure
drop of 750Pa [B0l In the absence of other data, and in keeping with
the client's previous statement that a pressure drop of 1.5kPa was

unacceptable (section 2.7, page 25), this value was used for design.

Carrasion

Corrosion occurs when exhaust gases drop below their acid dew point and
condense on heat exchange surfaces. The resulting sulphur compounds
combine with water to form an acidic solution that can attack these

surfaces. To minimise corrosion the exhaust gases should be kept above

their acid dew point temperature.

Dew points for typical medium sulphur fuel (0.8 per cent) used by the
client vary between 385K and 390K [49,81,821 Much evidence, however,
shows that maximum corrosion occurs below these temperatures [83,84,85)
typically at 375K [8l11l To ensure the bulk gas temperature remained

above the acid dew point, a minimum design gas temperature of 450K was

used.

Although, theoretically, little corrosion would take place in the heat

exchanger, material selection was still an important factor. Of the
commonly available materials the choice lay between low carbon steel or
stainless steel, the combined purchase and manufacturing cost of the
latter being twice that of the former. Research had shown that both
exhibited good corrosion resistance when exposed to diesel exhaust gases
[781 It was suggested [78] that initially a thin layer of acid condenses
on the cold, bare metal surfaces to which, after this wetting, soot
particles adhere and form a fouling layer. As this layer thickens, the high

thermal resistance of the soot causes the surface tempesrature exposed to

the gas to increase above the acid dew point, and prevent
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additional condensation. With no advantage to be gained from the more

expensive material, low carbon steel was selected as the working material.

Heat Transfer

The initial design idea was to use a single longitudinally finned tube
mounted in a cylinder. Water would pass through the centre of the
finned tube and exhaust gases in the annulus between the two (figure

3.14).

Gas flew annulus
Water flow passage
Outer shell

Inner finned tube

Turbulators : mounted
between adjacent fing

Figure 3.14 Cross-ssction through hest exchanger showing longitudinelly
finned tube, casing snd turbulators

The cylinder diameter would be chosen to give the annulus approximately
the same cross-sectional area as the existing exhaust pipe in an effort to
minimise dynamic effects. The fins divide the annulus into, effectively,
eight flow channels. To enhance heat transfer, turbulators would be
included in each of these channels. Consisting of thin strips of steel
(12mm x 3mm), twisted about their longitudinal axis and running for the
entire length of the heat exchanger, they would induce swirl and
turbulence into the flow and so help reduce boundary layers., When
tested, the inclusion of turbulators increased heat transfer, as measured

on the water side, by 20 per cent (see appendix 8.3.5, page 217)
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3.22 Physical Design

The following design precedents were listed before design work started:

- the design should be easy to clean;

- static pressure drop should not exceed 750Pa;

- dynamic effects should be minimal;

- potential for corrosion should be minimised;

- standard materials and components should be used, where possible, to
ease manufacture and shorten lead times, so promoting quick delivery;

- of the 21 engines selected for heat recovery, 18 (or 86 per cent)
had outputs of 30kW. The heat exchanger should be designed for
these engines and used in multiples on larger ones;

- provision should be made on a prototype for test points.

During the design phase references were made to several British
Standards.  These references, together with comments on the British

Standards (B.S.) system are described in section 5.3 (page 92).

Exhaust gas out
Flange welded
to tubing

Floating head
(for n?ansionl _/ Gas shell

Water in

Removable assembly - I

Exhaust gas flow

l Water flow

High temperature padding

Water out

Remavable assembly A
(to Facilitate cleaning) Finned tubing

Exhaust gas in

Figure 3.15 Diagrammatic arrangement of the exhaust gas-to-liquid heat exchanger (001)

The first prototype design is shown in figure 3.15. The shell of the hest

exchanger is a length of standard B.S. 3601 tubing containing the finned
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tube. Two exchangers are joined in series to give the required heat
transfer surface area. To allow for differential expansion between finned
tube and gas jacket, a floating head was fitted at one end of the heat

exchanger,

To clean the device the flanges at each end are unbolted, moved back
and the turbulators removed. The finned tube is moved out of the heat
exchanger at the welded flange end sufficiently for the heat exchanger to

be rodded out (figure 3.16). Further design details are given in appendix

8 (page 209).
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Figure 3.16 Clsaning the heat exchanger

This design (001) was approved by the client and a prototype

manufactured. Testing was then required to prove the design.

3.2.3 Testing of the First Prototype, 001

A schematic diagram of the test installation is shown In figure 3.17. Due
to the high operating temperatures involved (811K), a pressure relief valve
was incorporated in the pipe work in case steam was produced during
testing. Various water flows were required and these were obtained by

altering valve IV.
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Figure 3.17 Diagrammatic arrangement of 001 test
installation
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Testing described in detail in appendix 8, conformed to standard test
procedures as defined by the American Institute of Chemical Engineers
[86], and was divided into two parts:

- tests carried out without turbulators in the heat exchanger;

- tests carried out with turbulators in the heat exchanger.
A total of 12 tests for each part were carried out at six water flow
rates, each being repeated and the results averaged. Sixty minutes were
left between tests to allow the system to equilibrate. Exhaust gas flow

rate was the same for all tests,

Exhaust gas and water inlet and outlet temperatures were recorded for
each test, together with ambient and insulation surface temperatures.

Exhaust gas and water flow rates were also recorded.

A summary of the test results, without turbulators, is given in table AB.1

(page 213) and with turbulators in table A8.2 (page 214).

3.2.4 Conclusions from the Ressults

From theoretical calculations, using an exhaust gas temperature quoted by
the client, a heat transfer rating of 17.7kW was expected from the heat
exchanger. This temperature measured In practice was, however,
considerably lower, giving a new predicted heat transfer rating, as
discussed in appendix 8.3.4 (page 216), of 1l.4kW. This compares

favourably with a measured value of 11.6kW (1.7 per cent higher)

Test results, described in detail in appendix 8, show that the use of
turbulators increased the rate of heat transfer by 20 per cent to 14kW.
Applying this figure to the 21 engines under consideration, a total annual

recovery of 2.7 x 106kW was possible, an equivalent saving of 3x10°
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litres of boiler fuel, giving a system payback of 2.7 years [871

After testing, a visual inspection of the turbulators and heat exchanger,
especially at the exhaust exit end (the point at which the bulk gas
temperature was closest to its acid dew point) revealed no visible signs of
corrosion. Fouling at this point was, however, greater than expected,

possibly due to a stagnant region in the gas flow adjacent to the exit.

Some testing was also undertaken by the client. Standard reference tests
on the engine were performed with turbulators in the heat exchanger, to
assess the effect that the heat exchanger had had on the engine's
operating characteristics. These tests showed there was an effect; they
could not, however, quantify this effect or pinpoint what was causing it.
Senior officials of the client suggested that static and dynamic back
pressure were the most probable causes. Back pressure on the engine
prevents exhaust gases being expelled from the cylinder as quickly as
usual which, in-turn, increases cylinder operating temperature. This
causes a decrease in the lubricating oil's viscosity and so accelerates
engine wear, Further development was now required to eradicate

detrimental effects on the engine itself.

Prestige coupled with sound financial prospects for the schems, led to the

development of a second prototype, 002.

3.2.5 A Second Prototype 002

It was suggested that pressure drop was a major factor in the perfomence
drop of the engine when connected to the 001 design. For design
improvement therefore, 002 should exhibit greatly reduced static and

dynamic back pressure when compared with 00l.
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From the testing of 001 considerable knowledge had been built-up on the
heat exchange performance of the finned tubing and its corrosion
resistance. It was thought prudent not to change the tubing or

fundamental design at this stage.

Reduction of Static Pressure Drop

Static pressure drop was reduced by streamlining gas flow and reducing

the length of the heat exchanger itself.

A detailed pressure drop analysis is given in appendix 8.4.1 (pege 218). It
shows that for 001 without turbulators, 54 per cent of the pressure drop
(364Pa) was attributed to heat transfer surfaces, the remaining 46 per
cent (305Pa) being losses associated with the ducting of exhaust gases to
and from those surfaces. No quantitative method was found to assess
pressure drop including turbulators. Tentative work had been undertaken,
however, [88,89,90] and this suggested a doubling of the pressure drop
associated with the heat transfer surfaces if turbulators where fitted (see
appendix B8.4.2 page 219). In 002 they were omitted, presaure drop

outweighing their advantages of enhanced heat transfer.

Reduction of back pressure associated with heat transfer surfeces

This had to be obtained without change to heat transfer surfaces and
was achieved by incorporating a water jacket around the previously
unused hot gas shell of the original gas jacket (see figure 3,18 page
59> This increased the area for heat transfer per unit length and
gave a reduction in heat exchanger length of l.6m. This, in-tumn,

reduced the pressure drop associated with the heat transfer surfaces.

A peripheral advantage of the water jacket was a reduction of case
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temperature by approximately 140K, This would sallow a

corresponding reduction in insulation specification over the 001 design

or, for the same insulation, give reduced heat losses.

Reduction of ducting losses

A more streamlined flow path was required to reduce ducting losses.

The following changes were made:

These

bends were fitted at gas inlet and outlet to replace square
elbows;

divergent pieces replaced abrupt enlargements at inlet and
outlet, for more controlled expansion of gases;

002 was designed in one length, eliminating inter-pass ducting

losses.

modifications reduced ducting losses by 93 per cent to 20Pa.

Dynamic Back Pressure Reduction

The use of a greatly improved flow pattern for the exhaust gases would

improve dynamic back pressure performance.

3,2.6 The 002 Design

Before the 002 design was fabricated a value analysis exercise was

undertaken to help obtain the most cost effective design. Only two

changes were made:

- due to low operating pressures table 'E' flanges were replaced by

table 'D' flanges (table 'A' were preferred, but were no longer

manufactured);

- gas outlet flanges were removed.

The revised design, shown in figure 3.18, was manufactured totally from
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standard pipework fittings (see table 5.1, page 95). It exhibits a pressure
drop reduction of 54 per cent over 001 without turbulators and 69 per
cent over 001 with turbulators. Heat transfer tests gave a performance
of 15.8kW and back pressure testing, by the client, revealed no adverse
effects on the engine. This design was accepted by the client and an
order for a further 24 heat exchangers placed to implement the scheme

proposed by the site survey described in section 2.7.

Exhaust gas out

SUncuains: sepmosiin cefer T Water out
Finned I'uhi"!-\ JT Z m::lll’n::‘gm
[ X Lm
i == _._} : : 5= Water out
Radial outiet L’ ’
Floating head |r.m.u.: \'Iltelt In

to facilitate cleaning) Water jacket (increases
surface area for heat
transter}

Exhaust gas in

Figure 3.18 Diagrammatic arrangement of the exhaust gas-to-liquid heat
exchanger, 002

3.2.7 Conclusions

The sale of 24, 002 heat exchangers demonstrates the client's confidence
in the unit and suggests the technical success of the project. However,
the production of what could be a commercially successful design created
several new aspects to the project. These non-technical aspects,
including commercial protection of the design, contracting and tendering,
application for external project funding, insurance requirements and
designs to British Standards, are directly applicable to the defensive
approach adopted for market-pull products. Chapter 5 has been devoted to
these and the r8le they have played in the overall development of this

product.



There were also several non-technical aspects in the MHRU project.
Differing from these above, they reveal the more aggressive nature of
product-push products and include prediction of market potential, test
marketing, advertising, media response analysis and product launch. These

are described in the next chapter.
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NON-TECHNICAL ASPECTS OF THE MODULAR HEAT RECOVERY UNIT'S

DEVELOPMENT

4.0 Introduction

Chapter 3 was devoted solely to the technical design aspects of new
product development. This, together with marketing, formed the initial
links in the chain of conception to commercialisation. The next two

chapters are devoted to the non-technical or commercial links,

The development of the MHRU was a high risk project as research money
was invested with no guarantee of its payback. If commercially
successful however, the financial benefits could be considerable. In
contrast, the design of the heat exchanger was a relatively low risk
project that would realise only modest financial returns (as the market is

so specialised) should technical success prevail.

The commercial aspects of the two products are very different. This
chapter describes those of the MHRU and includes initial feasibility
studies, test marketing, media response analysis and product launch.
Commercial aspects of the heat exchanger project are of a different

nature and will be detailed in chapter 5.

One basic part of the commercialisation of the MHRU was marketing, the

strategy for which is given below.

&1 Marketing Strategqy

There were several marketing stages for the MHRU, as shown In figure

4.1. The first stage was a feasibility study to aessess technical end

financial project viability.



Both were approved, design work continued and a test marketing phase
was entered. Here proposed designs were sent out to prospective
customers for their comments. Following this a prototype was built and

tested. Product launch followed.

— Feasibility study -

Design feasibility Analysis of market potentisl
Test marieting -

Produce detailed design Invite comments from potential

Build and test prototype customers. Analyse responses

and feedback ideas to design

and davelopment

Figure 4.1 Overview of marketing strategy for the MHRU

4.2 Product F easibility

Product development is capital intensive and it is important to ascertain,
at an early stage, if initial product ideas are worth further
consideration. Product feasibility wes looked at from two areass, design

feasibility and market potential

4.2.1 Design Feasibility

Initial designs were assessed for practicabllity. The proposed

manufacturer stated that there were no problems forseen and design

feasibility was approved.
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4.2.2 Market Potential

The MHRU was aimed at industry, although modified versions would be
available for air conditioning and commercial applications. Based on
studies, mainly by the Department of Industry and Department of Energy,
and shown in table 4.1, the potential for heat recovery in 33 UK,
industries (excluding iron and steel) was, in 1980, approximately 63 600TJ
per annum. With a payback of two years being generally considered the
maximum for a heat recovery project to receive favourable consideration
[91, 921 the market for heat recovery equipment could be approximated to
twice the potential heat recovery savings (in cash terms). That value,
based on an energy cost of £2370/TJ [93] (the cost of gas at January

1980 prices) was £301 million.

Annusl
Total Estimated | Value of Potentlsl
Sector Savings Heat Capital
Industry Energy through Recovery Investment
Use Heat Sevings
Recovery
(Td) (T2) (Emiiliona) | (Emillion)
Aluminium 92 800 | 2 500 5.93 11.86
Baking 34 1% 3 168 .5 13
Brewing 29 000 & 000 1138 .76
8ricia 28 000 3 500 [ 8] 16.6
Bulk refrsctoriss 16 000 1 00 b Y, 7.58
119 000 | 10 800 25.4 SL2
Chemical manuf. 9 200 155 0.y o7
Coke making 142 000 { 11 00O 2607 S2.14
Compound fertilisers 25 000 120 n a2
Cotton spinning 8 860 241 0.57 Lila
Cotton weaving 5 700 n 0.41 o.82
Daley 27 860 210 0.5 1
Dyestuffs 33 000 743 L.7% b8
Elec. engineering 35000| 110 243 )
Food processing 38 000 1 824 an [ N7
Footweer/leather 9 250 62 .15 o)
Glass 49 000 2 200 521 10,42
Knitting 12 180 487 L1s 3
Malting 980 | 152 3é e
Mech.enginsering 34 910 8lé L9 by
Non ferrous (base) 14 000 2 660 63 12.¢
Non ferrous (copper) 12 900 2 084 4.89 .78
Paper 125 000 1 200 3.03 606
Pharmaceuticals 17 830 195 0.46 0.9
Plastics 30 8% ” 0.2 0.46
Potteries 15 320 2 107 49 290
Rubber, linoleum, 33 700 1 2% % 5.9
plastic floor covering
Shipbullding 2000 207 a9 9.82
Sosp/detergents 6 40 2 ) &6
Statloner 344 % 007 G.l4
Textlle ing 2% 900 16D in .94
Timber/furniture 42 400 636 LS 302
Woolers 17 800 7”8 .2 [ ¥
TOTAL 1126 314 | 63 5% 150.72 30L&
L Table excludes iron and stes] industsy
2 Caplital investment based m 8 two-year paybeck
3 Valus of savings besed on & ges price of £2370/T) (ol{35 sec)
£3330/T), slectricity z‘lIINTJ) Jewery 1980,

Table 4.1 Analysis of merket potential for the MHRU in some mejor
industrial sectors (95, %6, 97)
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For small heat recovery projects, up to £20 000, the MHRU would
represent approximately 40 per cent of the total system value. This
percentage decreases for larger projects and at £100 000 would be
approximately 20 per cent [941 For & mean of 35 per cent, the value of
the MHRU market would be £105.5 million. However, site survey resuits
have shown that 62 per cent of proposed heat recovery sytems were of
the gas-to-gas type (table 2.2, page 21), giving a final potential market
value for the MHRU of £65.4 million. Using a medium temperature, range
I MHRU, the cost of which in 1980 was approximately £12 100, this
represented a market of 5400 units. This was considered high enough to

ensure the product's continued development.

Both aspects of the feasibility study revealed a positiveness to continue
development and detailed design work progressed until a prototype design
was completed. At this stage product ideas had to be tested in the
market place. Before test marketing was considered, however, it was
thought prudent to examine the stages of the innovation process and the

adoption of new products from the potential customers' point of view.

4.3 The Innovation Process

Innovation is the use of knowledge to create and apply something that is
new [98]1 It can be portrayed as a four stage sequential model [99] and
may be described as follows:
- knowledge - the innovation is brought to the attention of an
individual who gains some understanding of it;
- persuassion - depending on the individual's perception of the
innovation a favourable or unfavourasble attitude towards it is formed;
- decision - the individual investigates the Innovation and decides to
adopt or reject it;

- confirmation - provided that the individual receives reinforcement
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following the decision to adopt the innovation, its use will continue,
otherwise this decision may be reversed.
The marketing aspects of the MHRU product development are discussed in

relation to this model.

Testing of ideas in the market place was used as the 'knowledge' stage of
the innovation process - creating an awareness of the new product. Work
from several sources [100-102] suggested the usefulness of the written
word at this stage and & brochure was produced giving design and
conceptual details of the MHRU. Future promotion of the product would
provide interest from potential customers, to whom a brochure would be
sent. Subsequent follow-up would obtain comments and suggestions from

these enquirers, which would be fed back to design and development.

4.4 Production of a Brochure

Several factors were considered in the design of the brochure:
- at whom should the brochure be simed?
- should the brochure be a technical or merely promotional document?
- could the brochure be designed for use in test marketing and a

future product launch?

4.1 The Target Reader
As previously stated (section 2.6) the MHRU was to be aimed at the

people with the responsibility for making such a purchasing decision.

In a survey of British industry [103), it was found that the people most
concerned with purchases of plant and equipment were the board,
operating management and production engineers. This was broadly

supported by a Financial Times Report [104] which found that the
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dominant influence for initiating end specifying plant and equipment
purchases was production engineers. For the purchase of energy saving
plant it was thought that the categories stated would also be

supplemented by energy managers and project engineers.

It was also noted that it was normal for more than one person to be
involved in the decision making process [105); typically five or more in
medium sized (400-1000 employees) British engineering firms, and six or
more in larger (over 1000 employees) firms [106); typically three or more
in American firms generally (1071 From this it was concluded that the
brochure should meet the needs of both management and engineers, and it
was also recognised that these levels would require different types of
information. A director or manager, whilst possibly being interested in
the concept of the design, was not likely to be concerned with
dimensional details, information more applicable to the project engineer.
For the former, a single page at the front of the brochure would be
included that detailed the virtues and benefits of the unit and that could
be easily read. For the latter (and also including consultants)
performance details and dimensional information was required. This would

be incorporated in a technical follow-on section.

This last point has pre-empted the next consideration - should the

brochure be technical or merely a promotional document?

4.4.2 A Technical or merely Promotional Document?
It has been stated that "the only motive for buying anything is that it

will serve some real or fancied use" [1051 For this reason the brochure
should promote the concept of the MHRU to provide the customer with an
awareness of the product, and should give further Information to allow

the realisation of the unit's technical advantages. It is Important to
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emphasise this prevalence as it has been shown that a lack of perceivable
advantages can limit the potential customers' choice to products with

which they are already familiar [1091

The brochure was likely to be kept on file for future reference and a
promotional orientation may aid future sales. However, the concept of
the product was completely new and it was felt important to ensure that
this was portrayed in an unambiguous manner. For this reason a technical
brochure was essential and finally this type of brochure was integrated

with a promotional overview.

4.4.3 A Brochure for Test Marketing and Full Market Launch?

To meet budgetary constraints, a comprehensive brochure was required
that could be used for test marketing and product launch (this being the

case if no major technical changes resulted from the test launch)

4.4.4 Brochure Design

Using the above considerations, the following points were listed as being
essential in the final brochure:

- a promotional overview of the product. This would give the
concept of the MHRU and its benefits i.e. ease of installation,
compactness etc. To be written in a concise style, this would be
aimed at directors and plant managers;

- a detailed technical section describing the various modules available
within the hest exchanger, filter and fan sections. This to convey
to the project engineer the versatility of the system and its
advantages over existing products;

- flow rate selection chart, physical dimensions of the units, and

graph of efficiency versus flow rate. From this, potential energy



(and hence cash) savings obtainable from the unit could be
calculated;

- a list of industries in which the MHRU would be most applicable.

The above related directly to the MHRU. Some general considerations
[110] were also noted as being useful during the writing of the brochure:

- brochures are scanned, not read. Important messages should be
concise and stand out clearly;

- prospective customers want to know that the manufacturer has
experience of their particular problems. Such experience should be
the first thing noted in the brochure;

- include pictures - they are worth a thousand words.

The finished brochure is shown in appendix 9 (page 222).

A test marketing compaign was then Instigated to obtain the potential

customers' comments on the design.

4.5 Test Marketing

With the brochure completed, the customer had to be provoked Into
requesting one, Obtaining promotional coverage over a wide market aerea
is labour Intensive and expensive. Labour and finance were limited and
an unusual approach to this problem was adopted. A campaign, relying
heavily on 'free' editorial copy obtained in trade magazines, was used to
acquaint industry with the broad concepts of the MHRU. Those interested
further would request a brochure and comments on the unit's design and

sppeal would be subsequently obtained by telephone follow-up.

An exhibition was also used in the test marketing phase together with

further site survey interviews.



4.5.1 The Promotional Campaign

A promotional campaign was planned that encouraged industry to request

details of the new product. The level of response would be a measure of

the interest in the MHRU. The advertising was in three parts:

trade journals;

an exhibition;

contact through further site surveys.

4.5.2 Trade Journals

There are two distinct methods of obtaining publication of material (or

copy) in trade journals, direct advertising and editorial.

Direct placing of an advertisment has the advantage of being under the
control of the advertiser. The effect of advertising is cumulative but
maximum response s obtained only after four or five insertions [1111

Costs for this type of advertising are high, typically £180 per quarter

page.

Editorial, however, is completely free. A description of the new product,
process, building etc.,, known as a press release is sent to the editor of
the journal. Inclusion of some or all of the material is at the discretion
of the editor. Editorial does not provide the continuity of direct
advertising as it is a one-off event; for test marketing, however, this is

not a problem.

Maximum response from the journals was required. It has been suggested
that editorial copy and articles provoke a greater response for new
industrial products than direct advertising [1111 This is supported by

evidence in the marketing of new materials which showed that 41 per
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cent of responses obtained were from journals carrying articles, 42 per
cent from journals carrying articles and advertisments and 17 per cent
from journals carrying advertisments alone [102) Editorial is not seen as
'‘advertising' but as unbiased information ostensibly from the editor. It
may provide more impact than the often optimistic claims of an

advertisment.

The use of editorial provided a large coverage of the market, copy being
obtained in 11 trade journals [112-122] as shown in table 4.3, column 1

(page 75) This was obtained at very little cost to the sponsor.

A full analysis of the results obtained from this editorial is given in

section 4.7.1 (page 73).

4.5.3 An_Exhibition

Exhibitions provided an opportunity for company staff to meet potential
customers and obtaln their comments first-hand. The exhibition selected
for the test market survey was the "Energy Saving and Industrial
Efficiency Exhibition' in Tokyo, Japan, on 16-20 September 1980. This
ambitious exercise was chosen for several reasons:

- Japan is one of the countries most keen to exploit new Ideas;

- Japan has few indigenous energy supplies, 8o Is Inherently
sympathetic to energy conservation. Should the Japanese interest
prove high, the sponsor's executives could arrange distibutors and
agencies to sell equipment, or to manufacture it under licence in
Japan itself;

- the Department of Energy was keen to publicise British companies
in the world market; those attending the exhibition were guaranteed

large free coverage in the British press, an important benefit for

the sponsor;
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- the exhibition was supported financially by the London Chamber of
Commerce and Industry.

For the exhibition stand, a model of the prototype MHRU was made.

Shown in figure 4.2, it provided a centre piece for the stand and gave

tangible support for conceptual and operational descriptions.

Figure 4.2 Scale model of the MHRU

4.5.4 Contact Through Site Surveys

All site surveys undertaken after the production of the technical brochure
were also used for market research. Comments and suggestions from

engineers on site were noted and fed into design and development.
There is invariably a time interval between market awareness of initial
designs and test market results being obtained [1231 It was important to

check that market trends had not changed during this period.

4.6 Market Trends

The product survey was being compiled concurrently with this stage of
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product development. It was noted that no detrimental change in the
market had occurred and, in fact, there was a move towards gas-to-gas
recovery systems, this being interpreted from an increase in the number
of manufacturers of gas-to-gas heat exchangers over the corresponding

period.

4.7 Analysis of Test Marketing Results

Analysis of the test marketing provided two separate but very important
results:
- industrial reaction to the MHRU design;

- experience and information valuable in a subsequent product launch.

Each of the three promotional sources provided different results.

4.7.1 Trade Journals - Response Analysis

Response to the editorial in trade journals was good. Table 4.3 (page 75)
shows in which trade journals editorial was included and the level of
response obtained. The total response was 320 enquiries. Direct
advertising, based on figures recei\;ed from a publisher [124), would have
had an expected yield of about 260 enquiries. This supports a previous
statement that for new industrial products editorial usually produces a

better response than direct advertising.

All enquirers were sent, by return of post, a copy of the MHRU
brochure.  After a period of one to two weeks the enquirers were
telephoned and their comments on the design noted. Enthusiasm of the
enquirer was found difficult to assess by telephone. Staff resource

limitations allowed the follow-up of only 58 per cent of the enquiries.

A breakdown of the editorial response is given in table 4.2.
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Type of Response %

Enquirers interested in the newness of the

product, not the product itself 34

Enquirers requesting infaormation for

central filing systems 17

Enquirers with applications for gas-to-

gas heat recovery schemes 2

1

Enquirers unable to be contacted 4

Competitors enquiries to which no response

was given 1

Enquirers not contacted 42
100%

1 Thesa enquirers were telephoned several times but
repeatedly unobtainable

Table 4.2 Analysis of response to editorial advertising
A vast majority of the enquiries came from pamphleteers, their interest

being in the newness of the product not the product itself. The second
largest group were enquirers requesting information for filing systems.
Little valuable information was gained here. The third and most
important group were enquirers having applications for gas-to-gas heat
recovery systems and who were actively seeking products to meet their
requirements. Here the MHRU was scrutinised and valuable comments
obtained. Overall comments and impressions obtained were:
- the concept of a completely compatible heat recovery system (in
one box) was liked;
- the modular concept was liked;
- a weatherproof unit for external use would be valuable;
- for some applications there must be zero cross contamination
between gas streams;
- cleaning of the heat exchanger must be straightforward;
- moving parts (fan belts, pulleys) should be easily accessible;

- modular systems can cost more than component systems.
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Tabls 4.3 Editorial response analysis by individual journal

This exercise showed that the initial response to the MHRU design was

good. It also identified those journals which may prove most beneficial in

future advertising. As stated in section 2.6 the MHRU was aimed at

senior management - people with the responsibility for purchasing such

products, They were identified in the editorial responses and their
proportion of the total for each journal is shown in table 4.3. Heating &
Air conditioning Journal provided the greatest response of this type. A

full response analysis is given in appendix 10 (page 225).

Process Engineering was a journal that partiularly favoured the MHRU.,
Such was their opinion of the design it was granted the honour 'Product

of the Month' [1191 This particular editorial is shown in figure 4.3.

The editorial provided much valuable information about industry's response

to the MHRU and how future editorial may be exploited to the full.
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Aston University

llustration removed for copyright restrictions

figure 4.3 Modular heat recovery unit
*Product of the Month*

4.7.2 Exhibition Analysis

Results from the exhibition can be summarised in three categories: the
Japanese response to the sponsor's energy saving products; the Japanese

market in general; experience obtained for the full market launch,

The Japanese were well disposed towards the MHRU, and no design

changes were suggested.

Also on display was the prototype exhaust gas-to-liquid heat exchanger.
One company was interested in pursuing licencing agreements for this
device for use in marine applications (in 1980 35 per cent of the world's
shipping was manufactured in Japan [125]. In 1980 this was not possible
due to stringent Japanese import regulations on largely untried foreign
equipment. With the subsequent proving of the design these negotiations

have restarted.
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The following points were noted about the Japanese market in general:

- Japan requires comprehensive documentation on all equipment
imported or manufactured under licence (this was not available for
the MHRU or the heat exchanger in 1980);

- Japan is orientated to dealing with very large companies, The
sponsor was a small company;

- penetration of the Japanese market requires considerable effort.
Analysis suggested that a trading organisation may be required in
the initial stages to overcome barriers of language and
documentation, the cost of which would be approximately £20 000

[126D.

One point to emerge from the exhibition was the Importance of
face-to-face contact with potential customers. This contact allowed staff
to formulate an opinion of the person and to assess their enthusiasm for
heat recovery. The impression obtained was an aid in judging the sales
time subsequently devoted to that enquiry. (Other pointers included size
of company, size of the energy bill and the enquirer's position within that

company.)

The exhibition was a prestigious event that obtained much press coverage

both in Japan and the U.K.

4.7.3 Site Survey Results

Site surveys provided the most detailed responses from potential
customers. In face-to-face situations, especially where there was genuine
interest, the customer asked many detailed questions. Generally these
were answered from within the brochure itself. No major design faults
were revealed by this survey, all queries being minor (e.g. were fan

grease nipples accessible?).
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The concept of the MHRU was accepted by all as being good.

An important point to emerge from these surveys (and supported by a
second source [127]D was the demand from industrialists to see an actual
installation (using an MHRU), and to get first-hand operating experience
from other purchasers. It has been suggested that trial use, or in this
case, the viewing of an installation, can help convince a customer to buy
the product if they are frozen at the decision stage [1281 As previously
stated many questions were asked to which answers could be found in the
brochure. This raised two paintaz.
- face-to-face contact is better for selling products as people prefer
to be told answers rather than finding them in a brochure.
Face-to-face contact is also supported by srguments given in the

exhibition analysis, section 4.7.2 (page 77)%

- the brochure may have been too technical and insufficiently

interesting to read.

4,7.4 Brochure Review

The brochure was designed as a technical document supplemented with a
promotional overview. Based on comments received from its readers, the
following criticisms and suggestions were made:

the brochure was too technical and, if read by a non-technical

person, may not be understood;

- a less formal style of writing was required;

- a cut-away diagram of the MHRU explaining its operation would
have been of great value;

- the existing brochure did not Include a successful heat recovery
scheme using an MHRU;

- the brochure sold the concept of the unit, not the unit itself; a

more sales orientated brochure was required,
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It was originally thought that the brochure would have been used for test
marketing and, if required, for product launch. In view of the above
comments the following compromise was achieved, A second, easy-to-read
sales brochure would be produced and include many diagrams and
pictures. The concept of the MHRU would be explained, but few
technical details given. Any enquirers interested in the unit would
receive this brochure, to be followed, if required, by a sales visit at
which the technical brochure would be presented and explained. This
would give the sponsor's representative the face-to-face contact found
essential from the results of the editorial and exhibition advertising, and

allow the remaining technical brochures to be utilised.

This concludes the brochure analysis. @A complete review of the test

market launch is now given.

4.8 Conclusions from the Test Marketing

Test marketing provided many useful pointers that could help In achieving

the success of any future product launch. These included:

personal contact was essential for assessing potential customers and

the amount of sales time to be expended on them. For this reason

exhibitions were thought more useful than advertising;

- to achieve maximum benefit from exhibitions a sales force was
required. (At this point the sponsor had no sales force, follow-ups
being undertaken by technical staff);

- a second easy-to-read brochure was required;

- a working installation using an MHRU would be beneficial in the
product launch and subsequent sales campaign;

- it would be advantageous to have a trade mark for the MHRU,

The mark HE-RO was adopted (see section 5.1.3, page 86 and

figure 5.1, page 87).



4.9 Manufacture, Installation and Testing of the Prototype MHRU

A prototype unit was completed by February 198l. From November of
1980, a site for the MHRU was being sought. By June (1981) a site had
been identified, but it was not until October that final plans were passed
and installation started. This delay, although pushing back the MHRU
project six months, created a timely gap for development work on the
exhaust gas-to-liquid heat exchanger. The MHRU was commissioned and
tested by February 1982, and details of the installation are given in

section 6.1.1 (page 104).

The final installation, shown in figure 4.4 (and schematically in figure 6.1,
page 105) was ideally situated for marketing purposes. Occupying a site
in front of a main factory, it provided excellent access for viewing by

potential customers.

Figure 4.4 Modular heat recovery unit test site
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The final phase of the project, product launch, could now follow.

4,10 Product Launch

The level of response and the experience gained from test marketing
provided the confidence to move to full product launch. The important
points noted as a result of the test marketing were all considered during

the planning of the launch.

4.10.1 Face-to-Face Approach

As concluded from the editorial follow-ups, and supported by the
exhibition analysis, it was thought beneficial to use face-to-face contact
to create awareness and interst in the MHRU. This decision was also
influenced by other work which suggested that companies searching for
potential suppliers, would give preference to those known Inside the
purchasing organisation [129], and one of the best ways of achieving this

was through personal contact at industrial gatherings.

To this end, an exhibition was chosen to launch the MHRU - the
'Processing Plant and Equipment Exhibition' in Manchester in February
1982. As a major proportion of waste heat results from processing plant,
it was considered a good exhibition at which to launch a new heat
recovery product. The exhibition was small and specialist, consisting of
30 manufacturers. The Manchester location was selected as it was one of
the areas in which a number of previous MHRU enquiries had been
concentrated. Manchester's industrial areas, eg. Trafford Park, Picadilly
Trading Estate, Ringway and Gateway Industrial Estates, and the

industrial areas of Merseyside and Preston were also relatively close.

A secondary advantage of the exhibition approach was that several

products could be advertised simultaneously (direct advertising is usually
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limited to the promotion of one product per advertisement) This
opportunity was used to exploit other developments including the exhaust

gas-to-liquid heat exchanger.

Thirdly, the exhibition organisers promoted the exhibition and those

exhibiting. This gave free background publicity for the companies involved.

4.10.2 The Sales Force

In the past all sales and marketing had been undertaken by engineering
staff. This was less than satisfactory and, recognising this fact, a sales
and marketing manager was appointed on 4th Janusry 1982. Following

this, sales leads were followed-up with more consistency and by a

professional.

4.10.3 A Second Brochure

As stated in the brochure review it was thought necessary to produce a

second brochure. However, lack of resources (both staff and financial)

prevented this,

4.10.4 A _ Working Installation
The MHRU installation was completed and tested by February 1982 to

coincide with the exhibition for the product launch. The customer had
agreed that interested parties would be allowed to visit their site to view
the installation. This, together with the appointment of a sales and
marketing manager, completed the follow-up facilities, as stated in section

4.8, for the product launch,

4.10.5 Trade Mark

Particularly for young companies with new products it was thought
advantageous to establish a trade mark as quickly as possible (see section
5.1.3, page 86l  The trade mark HE-RO, a foreshortening of the



words 'heat recovery', was granted in late 1981 and subsequently used on

all of the sponsor's heat recovery products.

Before final product launch, pricing policy was considered.

4.11 Pricing Palicy

Pricing for a new product can be determined either by market forces or

internal on-cost pricing. For a range II, medium temperature MHRU the
on-cost price was £12 100 whereas market competition (the component
system) was 10 per cent below this figure. The sponsor was not prepared
to sell at a loss and the MHRU's price was set at the net cost of

manufacture (£12 100) This gave the MHRU a minor price disadvantage in

the market.

4.12 The Launch

Over the two day period of the launch exhibition a total of 24 enquiries
were received [1301 Of those, quotations for MHRU's were submitted to
eight. At the time of writing no results of the quotations were available
and experience (corroborated by a second source [131] has shown that
lead times of up to two years may be expected on the purchase of heat
recovery equipment. Such time scales are beyond the scope of this work,
and the product has since become the responsibility of the professional

sales force.
Despite this lack of sales information, the technical design and marketing

campaign has provided an insight into the development of the MHRU, from

its conception to its commercialisation.
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NON-TECHNICAL ASPECTS OF THE EXHAUST GAS-TO-LIQUD HEAT

EXCHANGER'S DEVELOPMENT

5.0 Introduction
Chapter 3 detailed the technical development of a heat exchanger to
recover heat from diesel engine exhaust gases. However, technical details
alone did not constitute the entire project. This chapter describes the
non-technical aspects which had to be researched and resolved before
product development could be concluded. The following were considered:

protection of industrial ideas and inventions;

contracting and tendering;

- heat recovery scheme funding;

insurance requirements and British Standards.

5.1 Protection of Industrial Ideas and Inventions

Commercially there are several ways of helping to ensure that any

developments are exploited solely by the inventor or company. These

include:

patents;

copyright and registered design;

- trade marks;
- technical papers.
Each is now described briefly in relation to the heat exchanger, further

details being given in appendix 11 (page 230).

S.1.1 Patents

Patents can offer protection of an invention and, through their
publication, can also help promote technical progress and stimulate

research.  The 001 design is protected by a full patent in the U.K.
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(number 2 066 937 [132]D and provisional patents in Canada, Japan and the
U.S.A. The 002 design, at present, has only a provisional patent in the

UK. [1331

5.1.2 C and R ed D

Copyright protects the copying of physical material and not the
reproduction of ideas [134]1 For industrial designs, however, the ideas
themselves must be protected. This can be achieved using registered

designs.

Recovering heat from diesel engine exhaust gases was not a new idea and
several manufacturers already produced equipment to do this. For this
reason the protection of the idea through Registered Design would have
been invalid. All design calculations, sketches and manufacturing drawings

are, however, protected in standard copyright law.

5.1.3 Trade Marks

The commercial function of a trade mark is to distinguish the products of
one manufacturer from those of another [1351 Trade marks can become
synonymous with a consistency of quality, inducing potential clients to

purchase products bearing a mark that is familiar to them.

The comments above, however, only apply to the well-established trade
mark and it could, therefore, be considered important for a young
company to establish a trade mark early in its development. The newness
of the sponsor, the need to create an identity and be recognised in the
market place, and the parallel development of several new products
(MHRU and the exhaust gas-to-liquid heat exchenger) prompted the

requirement for a trade mark.



The name HE-RO (a foreshortening of the words heat recovery) was
registered in 1981 [136], and applies to the 'E'xhaust gas-to-liquid heat

exchanger (HE-RO 'E') and the MHRU (HE-RO 'Modular') (see figure S.1).

HE:RO
___E

Figure 5.1 The registered trads mark HE-RO

5.1.4 Technical Papers

Technical papers in no way guarantee the rights of the ideas contained in
them to the author, though they do register, morally at least, that a
particular idea had been thought of by that date. A technical paper

featuring the exhaust gas-to-liquid heat exchanger is to be written in

early 1983.

This concluded the commercial protection of the design. The next aspect

to be considered was contracting and tendering.

5.2 Contracting and Tendering

Following the client's approval of the 002 design, an order for a further

24 units was announced to implement the system suggested in the original
site survey (section 2.7, page 24). The client requested several companies
to submit quotations for the supply of the heat exchangers and how this

order was won against other competition is shown below.
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5.21 An Order for 24 Exhaust Gas-to-Liquid Heat Exchangers

Although now in direct competition, several factors contributed to the
winning of this order:

all test and development work had been undertaken at nominal cost

to the client;

- a rapport and implied trust had been built up with the client over
the three year development period;

- the client had been pleased with the quality of workmanship to date;

- much experience had been gained during the development of the
design. This experience, most valuable during the installation and
commissioning stages of the final system, may be lost by the client
should this quotation be unsuccessful;

- previous manufacturing experience would help keep manufacturing
costs to a minimum and the quotation competitive;

- the designer was known to the client (see section 4,10.1, page 81,
face-to-face approach).

In this instance the contract was won, the client placing the order on the

3rd March 1982.

The sponsor had no manufacturing facilities and the order was
subcontracted to a specialist manufacturer. The price difference between
the sponsor's quotation to the client for supplying the heat exchangers,
and the subcontractor's tender, in-turn, for their supply, is the profit
margin. Maximising this profit, or as the modern term would have it,

contribution, is the subject of the following discussion.

5.2.2 Price Reduction in Subcontractors' Tenders

To obtain a cost on which the quotation to the client could be based,



four specialist manufacturers' tenders were obtained for the manufacture
of the heat exchangers. The cheapest was then used in preparing the
quotation to the client., To maximise the contribution from this supply

contract, the subcontractors' prices had to be as low as possible.

Generally, initial prices quoted by subcontractors can be revised. This
price reduction or 'squeezing' can be accomplished in many ways, some
morally more acceptable than others. A r&sumé of some of these

techniques is given below.

Competition

Competition forces all those applying for a contract to be more cost
conscious, Companies who have a genuine desire to undertake work will
examine their own costs more critically and cut profit margins in an
effort to gain economic advantages over their competitors. The
subcontractors' costs themselves can be cut by possible bulk purchase of
equipment, selection of the correct labour, selective use of bonus

payments, efficient organisation of plant and fabrication processes etc.

Incentive

At the tendering stage prices are very flexible and subcontractors can be
'induced' to submit a more competitive price. The promise of a larger
order in future, for example, based on their performance on a particular
contract, can result in a price reduction. A forward marketing plan
presented to the subcontractor showing predicted sales of products is a

positive incentive at this stage.

Direct Approach

Colloquially known as the Dutch Auction, the direct approach involves

simply telling the subcontractor that their quoted price is too high.
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There are two levels at which this method can be applied. The first
involves a hint that they are, in contractors jargon, 'over the top' on
price. This can be used to advantage before the tender is finally
received; a telephone call can surreptitiously state the figure that other
subcontractors are quoting or what the buyer is willing to pay. If this is
higher than their proposed price, the subcontractor may adjust the tender
accordingly. The second method is straight forward; the subcontractor is
told that their tender is too high and in some cases is told exactly what
the price should be. If it cannot be met there may be little point in

tendering.

The code of practice for tenders as laid down by the Association of
Consulting Engineers frowns on tenderers being reapproached once their
official price has been submitted. Fierce competition and the prevailing
economic climate has, however, forced some companies to revise their

'professional' procedure.

Financial - Extending the Trading Cycle

If it is not possible to reduce the actual price of a tender then an

effective reduction may be obtained by extending the trading cycle.

It is usual in business to have a 30 day trading cycle, the buyer being
gllowed this time from receipt of an invoice before payment has to be
made. Interest can be obtained on the invoice value for this period or,
as is more usual in business, less interest will be charged by the bank on
the buyer's overdraft. The cost saved from the buyer's viewpoint on, for
example a £100 000 contract, by delaying payment to the subcontractor
for 30 days is £1644 (based on overdraft interest rate of 20 per cent).
This figure increases to £3288 and £4932 for 60 day and 90 day trading
cycles. This technique reduces the ultimate cost of the contract to the

buyer and may be negotiated both before and after a
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contract has been signed.

Financial - Discount for Prompt Payment

The promise of prompt settlement of outstanding accounts (i.e. within 7
days) by the buyer can obtain a net reduction, from the subcontractor, of
usually between 2-5 per cent of the contract value [137]1 This direct
reduction in cost must be balanced against the effective reduction
obtainable by extending the trading cycle. The financial position of the

buyer will influence the approach favoured.

Supplier Dependence

This approach is long term and adopted mainly by the vehicle
manufacturers and large consumer orientated companies. Such companies
will order ever increasing quantities of goods from a particular
manufacturer, that manufacturer possibly neglecting smaller orders in
favour of this major customer. Eventually the manufacturer becomes
dependent on that one customer for an ever increasing proportion of its
work, possibly losing those smaller orders in the process. When the
supplier is in a position of dependence, the customer can start dominating

proceedings and eventually command the price paid for goods delivered.

Buyer-Supplier Financial Tie-up

Trading between companies of the same group is often undertaken at
preferential rates. On larger orders, where a company outside a group
wishes to use that groups expertise, a financial tie-up between them and
the group may be beneficial. Financially associated with that group, the
buyer can then expect preferential rates to apply and a commerically

more acceptable contract to result.

52.3 Subcontractor Selection

To obtain the most competitive tenders from the specialist manufacturers
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for the order, a price reduction exercise using ‘competition' and
'incentive' was used: all subcontractors knew that at least three other
companies were tendering for the order; a second application under
consideration at the time would require a further 40, 002 heat

exchangers, should it reach fruition.

The following tenders were received from those manufacturers:
Subcontractor 1 .. ... .. .E13 296
Subcontracter 2. ... . . . c;unable to meet required schedule
Subcontractor 3 .. ... .. .£13 393
Subcontractor 4 . . . . . . . .£18 194
Subcontractor 1 had manufactured both prototypes. With this previous
knowledge of their workmanship and performance, and cheapest price, the
subcontract order was placed with them on the 23rd Februery 1982, All
heat exchangers were manufactured to schedule and delivered to the

client's site on time.

There was a requirement that all plant installed on the client's site must
be insured. This installation, using commercially untried equipment,
provoked comments and reservations from the client's insurers. Insuring
industrial plant, especially new plant, i8 & detailed exercise and its
pursuit has revealed anomalies and omissions in the present system of
British Standards. What these are and how they interact with insurance

legalities is the next subject of discussion.

53 Insurance Requirements

To avoid invalidating the client's site insurance, the heat exchangers had
to be inspected, by the insurers, to a specified standard. The insurance

company, @ nationally known industrial body, did not, however, specify the

inspection code.
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This, they stated, was the designer's responsibility. With the ball now
firmly back in the design court, the British Standards governing heat
exchangers were examined to find a suitable inspection code. To this
point, in view of the low working pressure (345kPa maximum) and lack of
critical dimensions on the 002, British Standards governing the design and
construction of heat exchangers had received only a cursory inspection.
They were now re-examined to find a standard applicable to the 002
design. Three were initially selected:

- B.S. 3274 Tubular Heat Exchangers for General Purposes, 1960;

- B.S. 1500 Fusion Welded Pressure Vessel for General Purposes-

Part 1 Carbon and Low Alloy Steels, 1958;

- B.S. 5500 Unifired Fusion Welded Pressure Vessels, 1976.

5.3.1 British Standard 3274

B.S. 3274 detailed the design, construction, inspection and testing of
cylindrical shell, plain tube heat exchangers. It encompassed design
recommendations for heat exchangers with shell diameters of 0.15- 1.07
metres and lengths of 1.83 - 4.8 metres. Multiple-pass, multi-bundle heat
exchangers are also detsiled. Whilst examining the more complex heat
exchangers it presented little information relating to the simpler designs.
Procedures detailed consequently serviced the worst case or most complex
designs and resulted in tight tolerances which, if applied to the 002
design, would have lead to gross over specification. For this reason B.S.

3274 was thought unsuitable as the inspection code.

Although B.S. 3274 as a whole was unsuitable, it did provide some
parameters that applied almost universally to heat exchanger design. 002,
as defined by the Standard, would be a Type 3, Class 75 device (1381
Material thicknesses specified for this type of design were used to guide

materials selection, as were corrosion allowances and testing pressures.
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In B.S. 3274 reference was made to B.S. 1500. This standard was

subsequently reviewed for its suitability as the inspection code.

5.3.2 British Standard 1500

B.S. 1500 was used in the design and inspection of pressure vessels and
heat exchangers. Whilst examining the more complex designs, once again
little attention was given to the simpler designs. As a result tolerances

detailed were far in excess of those required for the 002 design.

Of value in B.S. 1500 were stress calculations. These showed that the
002 design was well below all recommended maximum stress limits, These
calculations, however, could only be used as check values as B.S. 1500
was withdrawn in 1978. This withdrawal was accompanied by a suggestion

that it be superseded by B.S. 5500.

5.3.3 British Standard 5500

B.S. 5500 is an impressive document consisting of over 340 pages that
replaced B.S. 1500 and B.S. 1515 ('Fusion Welded Pressure Vessels for use
in the Chemical, Petroleum and Allied Industries'). The Standard was
primarily intended for use in the design and inspection of high pressure
devices that may or may not contain volatile fluids. Failure of this type
of device could be of major consequence and the Standard's complex
nature reflects its attempt to avoid this occurance. Failure of the 002
design, however, would be inconvenient rather than disasterous and B.S.
5500, if adopted, would lead to gross over-specification of the heat

exchanger. It was rejected.

Following the preclusion of three British Standards it was concluded that
a completely different approach to the problem was required. A close
examination of the heat exchanger suggested a fabrication standard may

be more applicable.
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534 Heat Exchanger Review

The 002 design was manufactured from standard parts, and table 5.1 shows

Heat Exchanger Part Covering British Standard

1 Water jacket B.S. 3601

2 Gas jacket B.S. 3601

3 Finned tube B.S. 4360 508

4 Radial inlet and outlst B.S. 3601

5 Concentric expansion collars B.S. 3601

6 Floating head 8.S. 3601

7 F langes B.S. 1962 table 'D’

8 Pipe threads B.S. 21 1
9 Exhaust gas packing material No B.S. number applicable
1 information supplied by the manufacturer

Table 5.1 British Standards covering parts of the exhaust
gas-to-liquid heat exchanger

how eight of its nine parts were covered by a British Standard. When
constructed, the device was more akin to industrial pipework than a heat
exchanger. It was finally agreed that its inspection should be to a
pipework welding standard rather than a heat exchanger standard. B.S.

2971 was subsequently selected.

5.3.5 British Standard 2971

B.S. 2971 [139] is a specification for 'Class II metal-arc welding of steel
pipelines and pipe assemblies for carrying fluids.' This was accepted by

the insurers as being suitable for the inspection code of 002.

The 002 design was a simple single tube, single pass device with no
critical overall dimensions, the manufacture of which to 'good engineering
practice’ would have been technically sufficient. The heat exchanger

Standards examined were applicable to more complex designs for use in

more exacting applications.
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Imposing their rigours on the 002 design would have resulted, as stated, in
gross over-specification of parts and manufacture, and an increase in
production cost. No British heat exchanger Standard found was tolerant
of the 002 design and this problem was ultimately side stepped by the use
of a pipework construction standard. In similar circumstances, where
simple heat exchangers are required in non-critical applications, this fact
may be worthy of note to avoid further insurance anomalies. With the
acceptance of the welding standard, technical and commercial aspects of
this product development were concluded.  Without additional finance,

however, neither may have been of further value.

5.4 Heat Recovery Scheme Funding

From the onset of development, the client had been eager to achieve
technical success in recovering heat from their test engines without
affecting operational performance. On a small scale (one engine) the
costs incurred had been acceptable. However, in a state of general
recession (1981/82) and limited capital investment, the financial
faasibility* of the entire heat recovery scheme, based on 20 engines, had

never been certain.

The client, in order to fund the purchase of the heat exchangers, was
keen to examine ways in which funding commitments could be reduced.
Assistance was requested in maximising the financial returns on the heat
recovery scheme by considering external sources of funding. External
sources include group or corporate sources, leasing, refinancing, loan

guarantees, EEC finance and energy grants.

* The word feasibility has been deliberately used here to replace the
word viability. The visbility of the project has never been doubted, the
payback being 2.7 years (see section 3.2.4, page 56). The availability of
capital to Implement the scheme, however, had been under consideration.
This affected the feasibilty of the overall installation.
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5.4.1 Group or Corporate Sources

Many companies today are part of larger groups or corporations. If funds
are not available from within the company itself, their group or parent
organisation may provide an alternative source. Groups having a positive
approach to energy conservation may regard favourably applications from
within the group for energy project funding, especially those schemes

applicable at other sites under the group umbrella.

5.42 Leassing
Leasing offers the lessee use of capital equipment without capital
investment. Tax advantages enjoyed by leasing companies enables them,
in-turn, to offer equipment at very competitive rates. In the past most
things have been available for lease, but it has only been recently that

this facility has extended to heat recovery schemes and equipment.

The cost of the lease (for energy saving equipment), per annum, is
invariably less than the cost of the fuel savings that the heat recovery
scheme liberates. This difference, a net gain to the lessee, increases
year by year as fuel prices rise but lease costs remain stationary. The
annual percentage rate of interest (APR) for this service varies between
leasing companies from approximately 6 per cent to 24 per cent [140]
depending on several factors including size of company, its credit ratinﬁ,
period of lease and the minimum lending rate. Although of relatively low
profile in the U.K., leasing schemes are expanding rapidly in France and,

to a lesser extent, in Germany.

5.43 Refinancing

Refinancing is the offering of interest rebates for medium to long term

loans and/or the transfer of part of the risk of medium to long term

lending from private to public bodies. In the U.K., a scheme of this type

97



is operated by the National Enterprise Board [23] (now the British

Technology Group).

In Germany finance is available at reduced rates to small and medium size
enterprises given through the 'Sonderprogramm' (special programme)
managed by the Kreditanstalt fur Wiederaufbau (credit and banking
organisations) [231 In France lower interest rate loans are available,
though at present they are limited to investments in conversion to the use

of coal [231

5.4.4 Loan Guarantees

Although not a source of external funding, loan guarantees provided by
Governments can help organisations obtain finance from private sources.
Such loan guarantees are provided in the U.K. through regional offices of
the Department of Industry and in the Federal Republic of Germany,
through regional agencies set up in some of the Lander (local government

areas).

5.4.5 EEC Fmance

EEC finance can be obtained through the European Investment Bank and
is available for all types of energy project. This finance is in the form
of a loan made at preferential interest rates, typically 11-12 per cent (in

April 1982) [1411

5.4.6 Grants

There are two principal schemes currently operating to support heat
recovery projects in the United Kingdom:

- Energy Recovery Demonstration Projects Scheme (operated by the
Department of Energy) [142, 143k

- European Community Scheme for Energy Saving Projects (operated

by the EEC) [1441



The general differences between the two schemes are given in table 5.2,

whilst details can be obtained from references [142, 1441 The

Department of Energy (D.o.En) scheme can provide a grant of up to 25
per cent of the total cost of a proposed heat recovery scheme. A 100

per cent grant towards the cost of monitoring the installation can also be

obtained. This grant is intended for viable schemes unable to proceed
due to financial constraints. This grant is non-repayable. The EEC
scheme provides risk capital for the more uncertain projects. Up to 40

per cent funding for the project can be obtained, repayable if the project

is successful.

Criteria Departmant of Energy EEC
Demonstration Projects | Energy Saving Projects
Risk Usually more spplicabls | Intended for high risk
to EEC projects with a major
davelopment content
Cepitel Cost {For schemes wp to Usually between £50 000
spprox, £250 000 and £]1 million
Economic Simple peyback in Simple payback can be
Viability (rormally) less than grester than J years
3 years
Grant or sid |Non-repsyabls grant of | Up to 40% of project
wp to 25% of project cost (repaysbls If the
costj plus 100% of project is successful)
monitoring coats
Replication The replication Tha project must have
(spplicability| potential for the replication potential
to other project throughout throughaut the EEC
installations)|the U.K. must achiswe
10 000 of coal
squivalent
Tinescale D.o.En. grants EEC grents awarded
available (normelly) on an annual cycle
within & monthe
Resources D.0.En., grants csn be Requires more
prepared and megotisted | comprehenaive
by smsall engineering docusentation) 50 coples
departments of the proposal report
(25 coples in sach of
two EEC langueges)
1 Thia figure was mot quoted by the D.c.En. but has been found to
bes the minimum replication potential scceptable for the
swarding of a D.0.En. grant

Table 5.2 Comparison of Department of Energy snd EEC energy
grants (adspted from information given in [145])

Duwring the heat exchanger project the client professed a keeness to apply
for an energy grant of some kind. With a majority of the development
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work completed and the risk element considerably reduced, it was
suggested that a non-repayable Department of Energy Demonstration

Project grant be applied for.

3.5 Application Procedure for Department of Enerqy Demonstration

Project Grants

Energy Demonstration Project grants are awarded on a quarterly basis.
Each application is in the form of a report supplied by the client giving
details of the proposed scheme, its novelty and replication potential.
Each application is appointed a mentor, a civil servant responsible for
representing the client at the grant committee meeting. Any questions or
anomalies raised at this meeting about the scheme must be answered by
the mentor, and it is therefore important that he or she be fully briefed
on all aspects of the scheme, including its background. This briefing,
together with a report submitted describing the scheme and an estimate
of the scheme's replication potential, are three principal aspects in any

grant application.

5.5.1 The Report

The report is the only evidence on which the grants committee can base
ita decision. The mentor, an ‘'impartial' advocate of the project, is
unlikely to portray the same vigour and enthusiasm as those connected

directly with it, so it is important to show this in the report.

A report [146] for this application was completed, in draft form, in

October 1981 and included:

project background;

project objectives;

technical summary of the scheme;

breakdown of project costs;
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- energy savings;

- economic viability;

- replication potential of the project;

- impact on the equipment supply industry;

- risk;

- request for Government funding;

- promotion of final installation.
Of particular interest to the grant committee is replication potential, the
total savings that can be expected should the proposed scheme be adopted

throughout the U.K,

5.5.2 Replication Potential

In this case replication can be divided into two areas; that directly
associated with permanent test bed installations and that associated with

general quality testing of commercial production engines.

To assess replication for the former, the number and type of permanent
test beds throughout the U.K. had to be found. No central register was
available that gave this information, but a list was compiled from the
client's commercial knowledge, the Diesel Engineers and Users Association
[147] and the sponsor's survey files. It was estimated that the equivalent
of 570 of the type of engine for which the heat exchanger was designed

existed in the U.K,

In the second category, the manufacture of commercial diesel engines,
each engine undergoes quality testing, where operating performance is
checked. Heat can be recovered from the test engines during this
period. With a knowledge of annual engine production figures [147] and
test durations [148), the potential for heat recovery could be estimated.
The replication potential for this scheme was estimated as follows:

- heat recoverable from operation of engines for R and D purposes,
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4724 tonnes of coal equivalent;
- heat recoverable from testing of standard production engines, 7502
tonnes of coal equivalent;
- (total heat recoverable 12 226 tonnes of coal equivalent).
The above figures show that this grant application met one of the
unwritten criteria for success, that replication should exceed 10 000
tonnes of coal equivalent in primary energy savings (as stated in table

5.2, page 99).

By July 1982 no decision had been reached over the awarding of a grant

although installation of the entire scheme had been completed.

The application for external funding marked the end of the non-technical
aspects of the heat exchanger development. To this point only a single
heat exchanger had been proved. In most commercial applications,
however, many units are likely to be required. A scheme that would test
the heat exchanger in this r8le (the scheme for which the grant

application was made) is described in the next chapter.
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TEST INSTALLATIONS FOR THE DEVELOPED PRODUCTS

6.0 Introduction

The design and development of the two products has been examined
together with their non-technical aspects. No matter how relevant these
criteria are, however, the proof of any technological development depends
on successful field trials. This chapter describes the outcome of such

trials for both products.

The MHRU was designed to recover heat from an entire process and, as a
result, only a single unit was tested. The heat exchanger, however,
recovered heat from a single test engine. Such engines are usually
grouped, in quantity, at specialised locations, and although proved
individually, the test installation utilised 25 heat exchangers in order to
assess their combined operational viability. These differences in the

approach to testing are examined separately.

61 The MHRU
6.L.1 The MHRU Instaliation

The initial concept of the MHRU was to overcome deficiencies in existing

component technology, and the prototype installation tested this objective.

The test scheme, shown in figure 6.1, recovered heat from two large
baking ovens and used it for space heating purposes. Hot exhaust gases
were collected from the ovens in two plenum ducts, a system of dampers
controlling the quantity of heat recovered. These gases were passed
through the MHRU and exhausted to atmosphere. Fresh gas (ambient air)
entered the MHRU, was heated and ducted to the factory via induction
mixing units. If factory conditions became too hot, gases from some of

the flues were dumped to atmosphere (by opening damper 1 and closing
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damper 2, figure 6.1), so reducing the volume of hot gases recovered. To
help maintain constant pressure in the plenum, damper 3 was opened

allowing fresh air to be drawn into the system to replace the hot gas.

Induction mixing boxes

(to entrain stratified aid@
P Nozzle m@ (1)

2 - @ Diwtion
r

/ 3 :
Mixture directed E Y
to floor level )

/

B

Exhaust gas dischargeA

Figure 6.1 Schematic of the modular heat recovery unit test installation

Incidental heat gains from the ovens gave rise to a stratification of air in
the baking hall. High velocity jets of heated gas from the MHRU were
used in high level mixing boxes which, in-turn, entrained the stratified air

and directed the mixture to floor level.

6.L2 Testing of the MHRU

In the baking industry temperature and duration for which products are
cooked is critical. Fears were expressed by Weetabix Limited (the
recipient of the prototype MHRU) that fitting a new heat recovery

product may effect these vital baking characteristics.
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To help ensure that baking was not affected, the plenum collection ducts
were maintained (by the MHRU exhaust gas fan) at a constant negative
gauge pressure of 25Pa. This induced exhaust gases from the ovens and

allowed the product to remain unaffected.

Weetabix's concern for continued product quality was reflected by
insistence on their own initial testing of the device from a product quality,
not heat recovery standpoint. (The effectiveness of the MHRU as a
heating device can be in little doubt - on a Monday morning following a
weekend period of errecting ductwork, heater boxes and the MHRU,
packaging staff immediately noted 'more comfortable working conditions' -
this, when the MHRU had not even been connected!). Product quality
tests revealed that the MHRU had no effect on the baking characteristics

of the original process.

By the time interference tests had been completed the heating season was
over and no comprehensive heat recovery performance tests could be
carried out. Preliminary testing, however, suggested that the heat

exchange performance was to the heat exchanger manufacturer's

specification.

A cost analysis of this system and its component equivalent was also
undertaken. The analysis was limited to the MHRU and the component
heat recovery system itself. Collection and distribution ductwork, being

identical in both schemes, was not included in the comparison.

6.1L.3 A Two System Cost Comparison

All costs and values given for the MHRU are actual, these costs having
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been taken from invoices received or from direct measurements taken
during installation. AIll values for the equivalent component system were
derived 'from discussions with the sponsor's contracts department by using
price breakdowns from other heat recovery installations. Certain costs
for the prototype MHRU, however, were regarded by its recipient as
particularly sensitive, and this has resulted in a comparison (in parts)

using percentages, not specific prices.

The supply cost of the MHRU was approximately 10 per cent greater than
the supply cost of its component counterpart. This, however, was offset
by the higher installation charges for preparatory work and insulation
(something which is integral on the MHRU) associated with the component
system. This resulted in an identical total cost for supply and installation
of either system. There were, though, four advantages offered by the
MHRU:
- the MHRU's installation time was approximately 100 man hours (4-5
days) shorter than that of a component system;
- there was only one delivery to site using the MHRU.
(These two factors resulted in less site disruption and a prompt return,
for the customer, to a normal working routine.)
- the MHRU occupied approximately 60 per cent of the area required
by its component equivalent.
(This would be an important factor to consider in applications where
space was at a premium)
- no design charges were incurred by the client.
It was usual for a design fee to be levied by the contractor for designing
a component system. Selection of the MHRU eliminated this cost saving a

minimum of £1000. The above points are summarised in table 6.1.
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Parsaster W Compenent Systea | Net Saving for HMAU

Hours | Other| L
Total installation time: 3
=preparstion of concrets bases | 10 man hours 38 men hours 104 ™o
16 3 120

-installstion of sctual units | & men hours 82 man hours
£ 2 1 H

loor sres occupled 10, 5= 18w - 5.5a

Total deliveries to site 1 L} - 3

Totel unloading time 1.2 men hours 4 men hours 1.8 -
Design end drafting Lime 4
required for the system 0 100 100 1000+

1 The sctusl installation time of the MHRU was 20 men hours. This, however, was
the prototype deslign, and minar alterations had to be made on site. In
subsaquent units thess refi ts should not be y and installstion

should be achleved within 6 hours

2 This includes subsequent insulation of the cosponents, sosething which is
integral on the MHRU

3 Figure besed on & coet par hour, per san pale, of £15 [149)

e

4 Includss selection of components, design of int ting ductwork, design of
concrete bases, specificetion of insulation snd engineering drewings of thees

sspacts

Table 6.1 A physical comparison of the MHRU with its component
equivalent system

These savings apply to the prototype installation and it is anticipated, as
development work progresses, that the purchase price of the MHRU will
be reduced. This will then liberate the savings offered by reduced
installation time which are, at present, offset by the MHRU's greater

purchase price.

This analysis shows the advantages and financial savings to be obtained by
using the MHRU design. The analysis, although applicable in most cases,
does not hold for all installations and to justify the MHRU design on a

broader basis the following comparison has been included.

6.1.4 Modular Units Versus Component Systems

An item of equipment is not usually universal and specific plant offers

advantages in certain circumstances. The MHRU is a compromise of

design parameters that gives it advantages in a majority of applications,
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The component system, however, has two major advantages over the
modular or unit approach:

- it is custom designed for every application. Special design features
can be incorporated that may prove difficult to include in the
modular or unit design;

- in some applications space is particularly limited and it is possible
to split component systems into several small locations and connect
them with ductwork. The MHRU, although occupying significantly
less floor area than its component counterpart, requires a physically
large volume, in one place.

Having stated two advantages of the component system it is important, to
obtain a true comparison between the systems, to remember the design
aims of the MHRU. Designed for purchase by & customer that has
identified a gaseous waste heat source, the MHRU provides an
"off-the-shelf" heat recovery system that needs no design commitment
from the purchaser. This is particularly advantageous for small companies
with little or no in-house design facility and who cannot afford external
consultants' designs, or for larger companies who simply wish to

"do-it-themselves".

To sum-up, the MHRU could be used in a majority of the wusual heat

recovery applications to provide a heat recovery scheme more cheaply and

MHRY Component System

fevoursble stiributes disadvantages
Minisus design time Larger deslign committment
Reduced plant ares Larger plant ares
Quicker and simpler installation Long and exteneive installstion)
Minimua plent disruption Longer plant disruption
Eane of delivery Delivery up to 4 losde
Mo compatibility probless Compatibliity problems
Internal or extsrnal ues Internal uee preferred

disedvantages fevoursble stiributes
Phyaically latge space needed ponents cen be spreed
Helght cen ceuss probless Height not a problem
Concentrated weight per floor ares Welght cen be spread

Tabls 6.2 Attribute comparison of the MHRU
and component systems
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more quickly than the conventional component system, leaving the latter
for more specialist markets. Each type of system has a r8le to play and

a final comparison is given in table 6.2.

The cost and ease of installation of heat recovery schemes is effected by
the selection of equipment and the prototype installation was
approximately 2 per cent cheaper than a component equivalent. There is
one calculated parameter, however, that effects not only the choice of
individual equipment, but the viability of the entire heat recovery scheme

- payback.

Payback can be defined as the time taken to repay the capital cost of a
scheme out of the nett savings that scheme produces. Many companies
place much emphasis on this figure and may not allow schemes to progress
unless the payback period is below a specified value. There are several
ways to calculate payback, each giving very different results. A method
that gives a better result shows any scheme in a more favourable light
and enhances that scheme's possibility of adoption. The profound effect
that different methods of calculation can have on a scheme's perceived

financial viability is examined below..

6.2 Calculation of Heat Recovery Scheme Payback

6.2.1 Present Methods

There are many methods of calculating payback, most of which are
variations of one of the following three; simple payback, average
rate-of-return and discounted cash flow internal rate-of-return. An
analysis using these methods, and variations thereof, was conducted , all
calculations being applied to an identical heat recovery system. A
comparison of 8 methods of calculating scheme payback is given in

appendix 12 (page 236), the results being summarised in table &.3.
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Method P ayback
Years Rata-of -retum
: 1

1 Simple payback .
2 Simple payback with inflation .04
3 Simple payback with inflstion snd .

residual valwe
[} Average rate-of-return - n
5 Average rate-of-return with inflation - D

maintainence and reducing balance,
[ Average rats of return, as 5, but with -

straight line description
7 Discounted cash flow, for 5 ysars - 3
8 Discounted cash flow, for 10 years - L ¥

Tabls 6.3 A comparison of 8 methods of calculating scheme payback

The results lack of uniformity causes concern when schemes suggested by
different sources (e.g. two separate consultants) are compared using
different methods. To the uninitiated, scheme viability can be enhanced
by simple arithmetic juggling. It is for this reason that a universally
accepted method of payback calculation would be beneficial. It is outside
the scope of this work to make any further suggestions in this area other

than to register this need.

Whilst it is beneficial to have a universal method of calculating payback,
it is essential to have a universal method of calculating energy savings.
The energy saved by a scheme is a fundamental quantity and obtaining

this figure accurately, is an essential base for the calculation of payback.

6.2.2 Calculation of Energy Savings

Energy savings can be divided into two parts; process energy savings and

space heating energy savings.

Process energy consumption is normally controlled and therefore
predictable. With a knowledge of throughput, energy consumption and,
in-turn, energy savings can be calculated. With fluctuations in climatic

conditions, lack of strict control and the general dynamic nature of
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heating systems, prediction of their energy savings is less certain and
inherently more complicated. The following method, however, provides a

widely recognised solution.

6.2.3 Savings for Space Heating Applications

(Note - all data obtained from external sources used in this section was
given on the celsius temperature scale. For consistency its use has been
continued),

The seasonal heat losses from a building, and hence the potential for
space heating savings, can be estimated using the degree day concept
(1501 The total seasonal heat losses, GT’ from a building can be

calculated using

Qr = 2 (GL.A.D) kWh/year & s i B0 91]
where DL = total hourly heat loss per unit floor area
per indoor/outdoor temperature difference "o kW/mZK
A = floor area oo .rn2
D = number of degree days per year c s e~

The degree day total is defined as the daily difference, in degrees
celsius, between a given base temperature and the 24 hour mean outside

temperature, when it falls below that base temperature.

The base temperature is the mean indoor temperature (which for the U.K,
has been taken as 18.3°C [152]), minus the incidental heat gains e.g.
people, office equipment, lighting, etc. (which for commercial buildings in
the U.K. has been given a value of 2.8%€ [152]. So the degree day total
is the daily difference, in kelvins, between a base temperature of 15.5°C
(18.3-2.8) and the mean 24 hour outside temperature, totalled over an
entire year. Used with equation 6.1 this would give an estimated total
seasonal heating requirement (or saving if applied to a space heating heat
recovery scheme) for a given building. The Chartered Institution of
Building Services have a method of calculating these savings [153] and,

though more elaborate, is the same in principle as the method
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described. Both use the fundamental quantity degree days.

Degree days are calculated over a 24-hour period and totalled for an
entire year. This makes them suitable for calculating savings on
continuously operated heating systems - but what of intermittently heated
buildings? e.g. offices working 9am - 5pm, or 2 shift factories working,
7am-11lpm. In such cases the 24 hour mean external temperature will
invariably be lower than the mean external temperature over the period

of occupation, so enhancing calculated savings from that system.

Degree day values are available for different parts of the country,
different heating seasons [154), different base temperatures [154],
different internal heat gains [155), making allowances for 5 day (not 7
day) continuous working [156], making allowances for heating to different
and varying internal temperatures[157), but are not avsailable for selected
periods of the day. To overcome this anomaly the following correction

factors (shown in table 6.4) are proposed to help predict final savings

more accurately. Derivation of these correction factors s
Operating hours Heating season
30 weeks (Oct -Apr) . 35 Wesks (Oct-May)
Met (°c) | ooc mer (°c) | ooc

Office Hours - 9m-5p¢u1

Factory - single shift 7.2 0,92 8.19 0.90
Factory - two ah.'i.f't.xa:a

(7am-3pm, 3pm-llpm) 6.91 0.97 7.66 0.96
Factory - thres shifts

continuous operation 6.6 1 7.3 1

MET: Mean external temperature over the operating hours stated
O00C: Degree day correction factor for non-continucus heating

1 MET calculated over period 7am-l4pm sae section
2 MET calculated over period 5n—10pm} Al3.1, page 243

Table 6.4 Degree day correction factors for the non-continuous heating of
buildings
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given is appendix 13 (page 241). Using the same method described earlier,
standard degree days can be used in the calculations but simply scaled
down by the relevant correction factor to allow for various building

heating times or occupancy.

The correction factors given here were obtained from Thames Valley area
data only. Area correction factors to enable the results given in table
6.4 to be applied to the remaining 16 degree day regions in the U.K. (see

figure A13.1, page 244) are given in table Al13.2 (page 244).

By a more accurate prediction of savings and by using competitive
quotations to obtain cost data, the assessment and comparison of heat
recovery schemes could become more accurate. There is a possibility of
developing a British Standard to contain what is considered by the most
to be the 'best' method, although "it is axiomatic that national standard
specifications are not prepared until there is a fairly widespread and
steady demand for them" [158]1 As heat recovery is a relatively small
market this would suggest that this initiative must come from another
larger and more established sector e.g. the Chartered Institution of

Building Services.

This concludes the discussion of energy savings. The chapter now returns
to its original theme of test installations and describes the scheme using

multiple exhaust gas-to-liquid heat exchangers.

63 The Exhaust Gas-To-Liquid Heat Exchanger

6.3.1 Heat Exchanger Installation

The test installation (as briefly discussed in section 5.2) used 25, 002 heat
exchangers to extract heat from diesel engine exhaust gases for
pre-heating the boiler return water in the site's MPHW system. A
schematic of the system is shown in figure 6.2.
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Figure 6.2 Schematic of the multiple exhaust gas-to-liquid hest exchanger
installation

Previously the hot exhaust gases were ducted through the roof and
exhausted to atmosphere. They are now passed through the heat
exchangers then discharged, 25 heat axchangers, all of which were
mounted at roof height, were used to recover heat from 21 test engines.
(When an engine was larger than that for which the heat exchanger was
designed, multiple units were used to cope with the extra exhaust gas
volume.) The heat exchangers were arranged in parallel to heat a large
volume of water through a modest temperature rise. Individual isolation
valves (which doubled as flow measuring valves for commissioning

purposes) were fitted to all heat exchangers.

The reduced temperature difference between water flow and return
allowed the main boilers to operate at reduced load. MPHW was used for
process & domestic hot water and test cell & general space heating. In
summer one boiler was operated on low fire to supply these needs. Heat
provided by the recovery scheme now obviates this requirement. The
total installed cost of the scheme was £126 700 [159] and its economic

viability is now considered.
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6.3.2 System Viability

The total cost for the design, installation, commissioning and monitoring
of the scheme was £126 700 (including £9600 for monitoring equipment).
The savings were estimated at £34 126 per annum, giving a 'simple’
payback of 3.7 years. This figure, however, was artifically pessimistic for
the following reasons: the savings were based on space heating savings
only (a process load did exist but was unquantified by the client and not
included); the client's business enabled the purchase of boiler fuel at
approximately 10 per cent below the typical market price. Due to the
stringent criteria being applied to projects by the client's parent company,
an Energy Demonstration Project Grant was applied for to enhance the
case for capital funding. If obtained this would reduce the simple

payback figure (from the client's view-point) to 2.9 years.

6.3.3 The Grant Application

The application procedure was summarised in section 5.5 (page 100). A
basic demonstration grant would cover 25 per cent of the capital cost of
the scheme and 100 per cent of its monitoring costs. The client applied
for £29 275 (25 per cent of (£126 700 minus £9600)) and £18 590 (the

cost of monitoring equipment and staff analysis time).

Grant application procedures were started in 1981 with a report [146]
being submitted to a mentor by October of that year. In the absence of
further comment, manufacture of the heat exchangers was started in
February 1982. It was not until June 1982, when the entire installation
was virtually completed, that action , provoked by the client, stirred the
grants procedure into motion again, and a second, revised report was
submitted to the mentor [159] By July the scheme was operational and

there had still been no official hearing for the grant application.
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This delay appears to be of little consequence until the following fact is
realised - no site work should have been allowed to start before the
grant application had been officially considered. Should the client have
obeyed this clause, the entire scheme would have been delayed at least

six months, missing the 1982/83 heating session.

This instance was a single one in the many demonstration grants that
have been applied for to date. It may not be typical. The
competitiveness of the awards, coupled with a requirement to be seen to
be dealing fairly with public money, could certainly have contributed to
this delay. It is, however, unfortunate that one entire heating season's
fuel savings may have been lost by the slow mechanism through which

energy saving grants have to pass.

Although the grant application has not yet been offically considered,
further testing and monitoring is to go-ahead as planned. An outline of
this next phase follows; its completion, however, is outside the scope of

the present work.

6.3.4 The Next Phase

The main objective of the installation is to prove that the developed unit
could be successfully incorporated into a complete s8ystem, so
demonstrating its operational viability. The next phase, monitoring, is
scheduled for September 1982 until January 1983, with a report on the
units' performance in multiple test engine installations being available in

March 1983.

To conclude work on the heat exchanger's development, a review of the

design has been given.

635 A Novel Design

There are several features that have made this heat exchanger
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particularly attractive to the client. These features are listed below.

Lower Static and Dynamic Back Pressure

The 002 design gave a calculated pressure drop of 306Pa. When
compared with pressure drops of 1.5kPa [49] and 2kPa for other
commercial designs, these figures can be seen relatively. It has since
been stated [159] that acceptable back pressure effects on test engines
can be achieved only if the static pressure drop is less than 750Pa, which
this heat exchanger conforms to. As a conclusion, this work suggests
that heat exchangers used with small (approximately 30KW), single
cylinder diesel engines (the type used in this testing), should exhibit static
presure drops of less than 20 per cent of the static gauge pressure of the
exhaust gases available at the exhaust manifold, if major changes in the

engine's operating characteristics cannot be tolerated.

The dynamic effect of the heat exchanger on the test engine was

undetectable [1591

Minimum Clog Design

Helically finned tube has been used extensively in heat exchanger design.

This tubing, with fins of pitch in the range 5-10mm, when exposed (in
cross flow) to diesel engine exhaust gases, is prone to clogging, deposit
build-up and pressure drop increases (78] and section 3.2.1, page 50).
The 002 design uses a longitudinally finned tube. This provides a
'cleaner' profile to the gas flow, the motion of which along the surface

of the fins helps keep fouling to a miniumum.

When cleaning does become necessary, removable inlet and outlet flanges

allow easy access for rodding the entire heat exchanger.
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Long Life

The heat exchanger is of simple and robust construction. Corrosion tests
were undertaken on the turbulator sections of the 001 unit after it had
been in operation 4 months. A section of turbulator close to the gas
outlet end (the point at which the exhaust gases were closest to their
dew point) was examined. No pitting of its surface was found. The first

prototype was on test for 15 months with no visible signs of corrosion.

Minimum Engine Wear

Back pressure effects cause an increase in cylinder operating
temperature. This, in-turn, produces a thinning of the o0il with a
subsequent reduction of its lubricating properties. Accelerated engine
wear often results, The 002 design presents minimal back pressure to the
engine, helping to control engine wear and making it particularly suitable
for the following applications:

- engines testing lubricants;

- engines operating on long duration testing;

- engines operating under stringent test conditions.

Minimum Retrofit E ffect

Equipment retrofitted often affects the original system's operating
characteristics. The 002 design minimises these effects, a major benefit
when considering heat recovery from systems where it is necessary not to
invalidate performance results obtained prior to the application of heat

recovery,

Technically the product has been a success, the heat exchanger achieving

the performance specified by the client. But what of its commércial
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success - has there been one and is there a future for the product?
These points, together with similar ones relating to the MHRU, form the

basis of the next chapter.
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BUSINESS ASPECTS OF THE TWO DEVELOPMENT PROJECTS

7.0 Introduction

Chapter 6 has shown that the MHRU and the heat exchanger achieved
technical success by performing to their defined specifications. But at
what cost has this success been accomplished? This chapter assesses the
financial implications of the projects from the customer's, client's and
sponsor's viewpoints, and shows the benefits obtained by these
investments. Both products are analysed and a final comparison between

the product-push and market-pull techniques is given.

7.1 The MHRU

7.1.1 A Cost Analysis of the Product

The initial development of the MHRU has been completed; a product now
exists that provides a modular heat recovery unit capable of handling high
temperature gases, The cost of development and preliminary marketing of
this product (shown in table 7.1, page 123) was £38 020. This figure,
which is used in the following analysis, does not include the prototype
cost as this was met by the customer (Weetabix) The costs have been

divided into 5 categories.

Staff Time
This accounted for 58 per cent of the total cost, 86 per cent of which
was for the development engineer's time. The sponsor's technical staff
provided input amounting to 11 per cent of staff costs, the remaining 3

per cent being secretarial time.

Commercial Protection

During development of the MHRU a provisional patent was taken out.

This patent covered the concept of the unit (all hardware used in it was
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Item Cost

% of total % of totsl
(axcluding (including
£ cost of coat of
the the

prototype) prototype)

Staff time

Technical staff (sponsor) 2 .10:

Development Engineer 184 70 57.7 42.4
Secretarial 750

Commercisl protection

Provisional U.K. patent %0 0.8 0.6
Tes Kl 2

Jepsnese exhibition 132

Model of the MHRU 2 600 14,6 10,7
Design and Production of technical

brochure 1250

Editorial analysis 380

Prototype Menufecture
Net production cost
(including internal hardware) 1) 750 - 26.6

Testing
Carried out by the client under the
supervision of the sponsor minimal - -

Market lsunch
Menchester exhibition €40 1.7 1.2

Di d

Advertising and public relations
sgents fees

(for before, during end after
launch) 9600 25.2 18,3

TOTAL (excluding prototype cost) £% 020

TOTAL (including prototype cost) s1 70

1 Thess figures include office overheads snd travelling expenses

2 This exhibition was supported financially by the London Chember of
[ ce and Industry (see section 4,5.3)

Table 7.1 Development and marketing costs for the MHRU

supplied by other manufacturers and covered by their patents). Drafting

and filing this application cost £290, 1 per cent of development costs.

Test Marketing

When design work had advanced sufficiently, a test marketing phase was
entered to assess the market's reaction to the design. A model of the
proposed MHRU was made and displayed at an exhibition. Interest
created by this and a parallel editorial campaign was answered by sending
brochures that described the MHRU in detail. The cost of this exercise

was £5550, 15 per cent of development cost.
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Prototype Manufacture

The prototype was manufactured, installed and commissioned by February
1982. It was purchased as part of an overall heat recovery scheme
(described in section é.1.1, page 104). The cost of the MHRU was £13

?5[]-

Testing

After commissioning had been completed the customer took over and
initiated a long term testing programme, the results of which are due in
early 1983. Initial findings, however, suggest a favourable outcome to the

tests. All testing was carried out by the customer at no charge to the

sponsor.

Market Launch

The MHRU market launch consisted of an exhibition and associated
advertising. The exhibition was small, but specifically aimed at energy
conservation. Its total cost was £640. The advertising, which took place

well before and during the exhibition was provided by the exhibition

organisers.

Direct Advertising

Advertising throughout the project, together with PR agent's fees,
totalled £9600, 25 per cent of development costs. These costs could not

be separated.

7.1.2 The MHRU - A Commercial Success?

The total cost of this product's development to date has been £38 020.
There have been no sales, and in pure financial terms this product has
made no return on investment, so could be classed (to this point) as a
commercial failure. There could be many reasons for this complete lack
of sales but they are likely to fall into three catagories:

1) wrong product;

2) unfavourable economic climate for heat recovery purchase;
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3) weak and mistimed marketing and sales.

The first reason seems unlikely to have effected sales as most feedback
received from potential customers was favourable (see section 4.7.1, page
74). The second reason, however, could certainly have contributed to the
lack of sales. The MHRU is an expensive product which may have fallen
foul to a weak economic climate. The extent of this, is hard to access
for two reasons:
1) heat recovery schemes have been installed in recent years
[160-162);
2) the second reason is linked with marketing, and it is weak and
mistimed marketing and sales which is thought to be the main

reason for failure.

In a more optimistic economy the job of marketing and selling becomes
more easy - money is available for purchases. In the present climate a
larger effort is required - an effort which was missing from the MHRU
campaign. The following gives some of the principal reasons why it is

thought marketing has contributed to the lack of sales.

No Market E ducation

As stated in section 4.3 (page 65) there can be 4 stages to the innovation
process, knowledge, persuasion, decision and confirmation. Information
about a new technique or product is a pre-condition to adoption [123] and

an educational content to this, in the early stages, is important [163}

With a new product the market should fully understand its advantages
over those of other products. The MHRU, however, offers a completely
different approach to the heat recovery problem and even before the
advantages are understood, its concept should have been clearly
presented. This was a fundamental education process omitted from Iits

promotional campaign, all promotional material having assumed the
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potential customer's knowledge of the MHRU was equal to that of the

design team.

Communication is essential for the success of an innovation [37,164,165]
and it is thought unlikely that the promotional campaign provided this in
sufficient quantity. In the education process the written word appeéra to
be the most efficient means of creating awarness of a product [102]
Papers and articles could have been written, in the early stages of the
MHRU's development, presenting the differences between modular and
component systems. This would have started the education process and
may have provoked more customers into obtaining information about the

MHRU system - (the knowledge stage).

Lack of Market Awareness

As stated, communication is essential for the success of an innovation.
Due to financial constraints (starting in January 1982) there was no
external promotion of the MHRU launch (other than that at the launch
exhibition), which resulted in only limited communication. It has been
stated that there are three steps to informed product selection: (1) the
customer must know the product; (2) the customer must lfnow how the
product performs; (3) the customer must know how it performs compared
with other products [166]  Limited promotion prevented people from
‘knowing' the product and ‘'assumed awareness' advertising (i.e.
advertisements that assumed the customer already had an indepth
knowledge of the product) did not provide the information required for

stage (2) 'how the product performs' and consequently stage (3) either.

Market Misconception of the Product

There is a growing feeling that the market has not understood the MHRU,

or in fact has misconceived it. In advertising other products it has been

126



suggested [167] that ball and roller bearings be thought of as anti-friction
devices and diesel engines as energy producing units for use as auxiliary
facilities in processing plants, ships etc. The MHRU has been advertised
as "The last word in heat recovery - a unique range of modular heat

recovery units" (see figure 7.1).

Aston University

lustration removed for copyright restrictions

Figure 7.1 An advertisement for the modular heat recovery unit

It may have been of advantage to describe its function more fully i.e. a
product that can recover heat from hot waste gas sources and can utilise
that heat to provide space or process heating. Below are listed some of
the initial reactions to the modular heat recovery unit that typify the
possible misconception of the product:
"Modular heat recovery, yes, heat pumps - you can get separate
compressors and condensers now can't you?".
"Modular - oh, if it breaks down I've got to replace the lot".
"Modular, I learned about that in maths at school".

127



"It's heat recovery from a boiler".
A different approach to the entire promotion may have been more
beneficial. Emphasising the MHRU's attributes, i.e. 'it can save up to 10
per cent of your fuel bill', is a possible alternative. With this method it
should still be remembered that what is important is not product

attributes but the prospective customers' interpretation of them [1681

It has been stated (section 4.5.2, page 70) that editorial coverage of new
products provokes a greater reponse from potential customers than direct
advertising, as it is seen to be 'unbiased information ostensibly from the
editor'. This greater response is supported by information in appendix 10
(page 225), but the above comments on misconception suggest this result
may have been obtained for a different reason. Editorial (as it is free)
often contains a more detailed description of the product and generally is
longer than the cost-limited space available in an advert. This extra
description could well help in educating the customer about a product, a
product that could have been ignored in an advertisement that did not

make the product's use immediately obvious.

But what makes someone look at a piece of editorial or an advertisement
in the first place? If it is something directly related to their field or
something of interest to them, they are more likely to read it. This
suggests that even before market education through articles, editorial
etc. there is an 'interest creation' phase. In this phase, thought
provoking material can be presented to try to create an interest in g
subject. In energy conservation the events following the oil crisis of

1973 have certainly contributed to this interest creation.

Interest creation and market education, however, both require staff

resources to implement.
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Lack of Sales Staff

The sponsoring organisation had no sales staff between 1979 and 1982.
All products need to be sold, however, and this is probably most
effectively achieved by professional sales staff. Personal selling still has
the most important r8le in the industrial sector [169], and a sales manager
was finally appointed approximately 6 weeks before the launch of the
MHRU. His introductory company duties prevented any significant
contribution to the launch campaign and it has been noted that marketing
and sales are more likely to be successful if done by the existing chief
executives of the company, and not by recruiting from outside, as there is

insufficient time to become acquainted with the product [1691

Industrial goods are usually purchased by a group of people [129,170] and
it is important to find out the different peoples' needs within that group
and to change the 'sales pitch' accordingly [1711 A product usually has
several benefits and the emphasis on particular ones should be tailored to
customer requirements [170} These techniques can best be accomplished
by the experienced salespeople. @ The lack of such experience in the
earlier part of the MHRU's development can be summed up in the
following, somewhat cryptic fashion, which suggests that the product "is
a tool in the selling process. The sharper the tool the better job it will

do. But without someone to wield the tool it will do no work at all"

110l

Sales Promotion and Staff Resources Out of Phase

The appointment of the sales manager was too late to help the test
marketing effort. Table 4.3 (page 75) showed that 320 reponses were
received from the editorial promotion campaign and that only 53 per cent
(table 4.2, page 74) of these were subsequently contacted. The follow-ups
that did take place were undertaken by technical staff and were of g

technical nature.
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A more sales orientated approach of that stage may have converted some
of those enquiries into possible test locations or even orders when the
final product was available. This approach may have been too technical
and section 4.7.4 (page 78, the brochure review) supports this argument by
suggesting that a more easy-to-read, sales orientated brochure may have
been beneficial. Enquirers were contacted once, though it is usual to be

persistent in sales follow-ups.

A Fear For Commercial Secrecy

It was originally thought that the MHRU would be aimed at the food
processing and baking sector. A report [172] wes commissioned to
examine the possible exhibitions that may have been suitable in that
sector for test marketing and initial promotion of the MHRU. The British
and International Baking Fayre was selected and used by the sponsor as a
general promotional venture for their heat recovery consultancy expertise

and as a test marketing exercise for the MHRU.

Originally the sponsor's financial association with Weetabix (the sponsor is
50 per cent owned by Weetabix) was emphasised. Commercially, the
Weetabix company has a reputation second-to-none and it was thought this
could only enhance the market's opinion of the sponsor. It became
apparent, however, that by aiming products at what are, in effect,
competitors of Weetabix, the promotion of this link prompted caution and
possibily a reluctance to purchase. The impression obtained was that
people feared ‘for their commercial secrecy. In later promotional events

the emphasis on this link was reduced.

No Established Installation

The MHRU's market launch was in February 1982 at a general energy
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conservation exhibition;  the completion of the first prototype installation
coincided with that date. Unfortunately no test information or
operational performances were available at the launch. It has been noted
in the past that results of innovations must be observable to others (173,
174] for them to eatal.:lish the viability of alternative solutions [127] i.e.
modular versus component systems. The lack of test results prevented
this. One item in favour of the installation at that point, however, was
that it did provide evidence to show that would-be purchasers would not
be the first to install an MHRU, and it did provide a valuable lever to
move customers from knowledge and persuasion (stages 1 and 2 of the

innovation process) to decision (stage 3).

Premature Market Launch

Although the factors identified to help provide a successful market launch
had nearly all been achieved (face-to-face approach, salesperson, a
working installation, trade name), it is felt that a further phase of
development would have benefited the MHRU considerably and provided a
possibly superior, certainly cheaper poduct. Eagerness to get the product
into the market place can sometimes, however, overshadow further
development work. This coupled with lack of market education and
possible over-optimistic advertising has, it is thought, been the present

downfall of the MHRU as a commercial enterprise.

Atl mérket launch the MHRU was approximately 10 per cent more
expensive than a corresponding component system. It is thought that the
experience gained from installing, testing and operating the MHRU,
together with a value analysis/cost reduction exercise, could have reduced
this cost to that more in line with its direct competition. A preliminary
cost reduction exercise was undertaken, the details of which, are given in

appendix 14 (page 246).
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Low Profile Market Launch

The market launch was a small event accounting for only 2 per cent of
total project expenditure. Although the Manchester exhibition was
assigned as the launch, due to financial limitations, no special treatment
was given to the occasion and there was little press coverage. This
consequently resulted in a disappointing level of interest in the MHRU,
This low profile market launch may, however, be turned to advantage by

relaunching the MHRU in the light of experience.

The Next Phase - Relaunch

By the end of 1982 the technical performance of the MHRU should have
been assessed and operational experience gained. nComments from the
client could then be used in conjunction with the value analysis/cost
reduction exercise (appendix 14), to produce a mark II range of MHURSs
(although this would be the first really 'commercial' range). This range
could then be launched in early 1984 to coincide with industry receiving
its larger winter fuel bills, and when managers are most likely to be
receptive to the purchase of heat recovery equipment. A proposed
programme for relaunching the MHRU (figure 7.2) has been included for

completeness.,

Before a relaunch is considered, however, the sponsor must make a major
decision - to remain in consultancy and contracting or to become
dedicated to entering the manufacturing market. The latter will involve
heavy financial commitment, and with present funding limitations, this is

considered unlikely.

The project to date has cost over £37 000. This poses the question, what
gains and advantages have been obtained by the sponsor for this

investment?
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Figure 7.2 Relaunch progremme for mark II modular heat recovery unit

7.1.3 Benefits of the MHRU Development

The benfits of the MHRU development to the sponsor can be divided into
four areas:

- development;

- marketing;

- advertising;

- office systems.

Development
Work carried out on the MHRU culminated in the production of a

prototype unit. This work has formed a well established base from which

to develop a more commercial unit, if required.

The site surveys (detailed in appendices 4 and 5 pages 178 and 180)

provided information on the physical specification of the MHRU.
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These also generated an idea for second product, the single flue, exhaust
gas heat recovery unit. This product was developed sepsrately and is

shown in appendix 6 (page 192).

The development of both these units has given the sponsor experience of

product design, manufacturing and production techniques.

In the early stages with the sponsor an extensive survey of heat recovery
equipment was conducted (appendix 1, page 153). This survey, which
continued throughout the project, has provided an extensive product

catalogue.

Marketing

The marketing campaign, in promoting the MHRU, also provided market
information for the sponsor. The charge for this exercise, which provided
valuable quantified information about media responses, sales techniques,
market interest, advertising, sales experience, as estimated by the sponsor,

would have been £8-£10 000 if carried out by marketing consultants.

Advertising
The advertising and promotional campaigns of the MHRU, although having
not led to direct sales, helped establish the name of the sponsor in the
market place. Promotions designed to have the same effect, again in the

sponsor's assessment, would have amounted to £10 000.

Office Systems

Site survey systems and computer programs developed in conjunction with
the MHRU saved considerable time when applied to analysis of site survey

information. Following their introduction site surveys were taking four

134



hours less, on average, and analysis of results, which previously took 3
days (3x8 hours), was reduced to 1 hour. The sponsor undertakes
approximately 30 such surveys a year, and the net gain by introducing
these systems has been:

4 hours x 2 persons x 30 = 240 hours saved/annum

(24-1) hours x 1 person x 30 = 690 hours saved/annum
The cost per man hour for this job in 1982 was £8.50/hour [177], giving a

total saving of £7905/annum.

Cost-Benefit Analysis

From the above 4 sections the equivalent one-off expenditure saved by
the MHRU project was approximately £20 000 and the recurring saving,
per annum, was approximately £8000. The cost of the MHRU development
has been £38 000 (table 7.1, page 123), and should development cease at
this point, this cost, based on the above figures, would be recovered in
two years. (This increases to 3-5 years if the entire development cost of

£51 770 is considered.)

The MHRU project forms the ground work and first phase development for
a new product - the modular heat recovery unit. With the lessons
learned over the past 3 years and with a further modest input, this

development could result in a commercially successful product.

7.2 The Exhaust Ges-To-Liquid Heat Exchanger

7.221 A Cost Analysis of the Product

The above exercise was repeated for the exhaust gas-to-liquid heat
exchanger. The total cost of this development, shown in table 7.2, was

£11 871. These costs can be divided into 4 categories.

Staff Time

These figures were taken from actual invoices despatched, hence their

accuracy. Each person to work on the project was charged out at an
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Tabls 7.2 Design and development costs for tha exhaust
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hourly rate, this rate incorporating an allowance for secretarial time.

Prototype Manufacture

Competitive tenders were obtained for the production of the prototypes.
The cost for both units (which was met entirely by the client) was £2349,

20 per cent of the total the project cost.

Test Equipment

All test equipment bought specifically for this project is included here.

The cost was £203, 2 per cent of the total.

Commercial Protection

All development was undertaken at the client's site. To protect
commercial interests the sponsor took out a total of 5 patents as work
progressed. Details of this exercise are given in appendix 11 (page 230).

Their cost was £2214, 18 per cent of the total.

The total cost of this project was £11 871, of which the sponsor paid
£2417. What has been the return on this investment and has this

development been a commercial success?
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.22 The Heat Exchenger - A Commercial Success?

The commercial success of this exchanger can be considered from two

viewpoints, the client's and the sponsor's.

For the client, the heat exchanger recovered heat from the exhaust gases
of the diesel test engines with no detrimental effect. The Iinstallation
using multiple units has reduced the client's fuel bill, so the development

may be considered a commercial success.

For the sponsor too, the heat exchanger may be considered a commercial
success. This is manifest by the client's order for a further 24 units.
The resulting supply contract allowed the sponsor to recoup all
expenditure on the development and, in fact, make a net financial gain.

Other benefits to the sponsor as a result of this work are given below.

7.2.3 Benefits of the Heat Exchenger Development

The benefits to the sponsor of this development can be divided into 2

categories, a commercialy successful product and in-house expertise.

A Commercislly Successful Product

The sponsor now has the design of an exhaust gas-to-liquid heat
exchanger that can recover heat from the exhaust gases of diessl engines
operated under stringent conditions. The markets for such a dsvice are
defined and the sponsor could embark on a sales campaign by visiting
potential clients' sites individually. These markets could be found by desk
research, so avoiding advertising, launch and staff problems that have
been noted with the MHRU development. Before this, the sponsor Is
faced with a major policy decision - to remain Iin consultancy and
contracting or to enter the manufacturing sector. If manufacturing is the

option taken, entry into this market will be helped when PR (public
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relations) material featuring the muiti-unit installation is released by the
(prestigious multi-national) client. Should the scheme qualify for a
Department of Energy Demonstration Project Grant, promotion of the

product will be enhanced still further.

In-Howse Expertise Increased

The design and development of the heat exchanger has increased the
sponsor's in-house expertise, not only in design, but also in the testing
and evaluation of such devices. This expertise will be of value in the
design and testing of similar equipment and in the assessment of the

application of such devices at other industrial locationa.

A Cost-Benefit Analysis
Table 7.2 (page 136) shows the financial input from the sponsor was £2417

and the total development cost was £11 871. The nett cost of heat
exchanger manufacture (should mass production be started) would be in
the region of £750-£1000 per unit. With 25 per cent mark-up, the profit
would be approximately £200-£250. For the sponsor to completely offset
their investment, 12 units needed to be sold (24 have already been sold);
to recoup the total development cost, approximately 60 units must be

purchased. As a general conclusion it can be said that this development

has been commercially successful.

7.3 A Two Product Comperison

The two products are opposites in the marketing sense, the MHRU being a

product-push product, the heat exchanger a market-pull product.

Product-push requires extensive market research to ascertain what is

lacking in the market place. Its inherent nature is then for development
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behind closed doors to prevent competitors obtaining these ideas. The
market too, is not largely aware of the product until its ultimate launch.
This is where the MHRU failed, The market was not made sufficiently
aware of the product, of its advantages or benefits over existing
products, The MHRU achieved technically what was required of it, but

lacked marketing and sales back-up.

7.3.1 Product-Push Development

To say categorically that the MHRU is a commercial failure is, however,
a little premature and may still not yet be true. It has been shown that
"the backward firm may not hear of an idea for several years after it has
been launched" [165]), that this may be as long as 10 years [123] (though
it is usually 5 years), and it is often a "minimum of 3 years before the
first hopeful signs become apparent" [169)1 With the launch of the MHRU
in February 1982, this process is still in its early stages. It has been
suggested that for a product to succeed [99] it must:

- have a relative advantage (i.e. economic, social);

- be compatible (with existing values);

have a low degree of complexity (i.e. easily understood by the

customer),

be open to trial;

- be observable to others.
The MHRU does have advantages over existing products (table 6.2, page
109%; most industrialists know of gas-to-gas heat recovery, s it s
consistent with existing values; it should (with revised advertising) be easy
to understand; it is not open for trial (due to physical limitations) but is
certainly open for inspection; it is observable to others. The MHRU,
therefore, has the defined attributes of a successful product. With some
further development work and a planned marketing and edvertising

campaign the product could be a success,
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The MHRU has a potentially vast market offering large returns, entering
which, however, involves high risk and large investments. It has been
suggested, to complement development work, for every £1 spent on
development, there should be 50p spent on advertising [941 For the
MHRU this ratio was £1 to 25p. This should be increased to the former,

should further advertising be considered.
The market-pull product, however, has only a limited potential market.

This would result in more modest returns, but at much lower risk, less

staff commitment and at a smaller investment.

7.3.2 Market-Pull Development

Statistically the market-pull product has a greater chance of commercial
success. 60-90 per cent of new ideas are market-pull [178], and a
majority of successful innovations are initiated by user organisations with
a need [1781 The development of the heat exchanger relied largely on
technical expertise and its ultimate success was not dependent on
subsequent marketing. This produced a product that fulfilled the

requirements of the client.

7.3.3 Future Development Projects

In the light of these two product developments, the less ambitious
market-pull product has been the more successful. As a generalisation it
may be prudent for other young companies similar to the sponsor, whose
main vocation is also technical expertise, to pursue product development
of market-pull products.  This would give those companies a higher
probability of success with their developments and utilise their services in
those areas in which they are most proficient i.e. technical not marketing

aspects.
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Generally, due to extra marketing and sales effort, product-push products
cost more to develop than market-pull products, but have larger potential
markets. Development of market-pull products does not require this input,
however, and are therefore cheaper to develop to commercialisation and

are statistically more likely to achieve success.
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CONCLUSIONS

8.0 Introduction

This final chapter gives an overview of the achievements of this project

from its start in October 1979 to its completion in the summer of 1982.

The conclusions have been divided into the following sections:

initial research;

development of a modular heat recovery unit;
development of an exhaust gas-to-liquid heat exchanger;
marketing heat recovery equipment;

assessment of energy savings;

areas for further work.

81 Conclusions

8.1.1 Initial Research

Initial research included an analysis of 62 industrial sites, a survey of

energy conservation products and an assessment of the potential for waste

heat recovery in some principal U.K. industries., The following points can

be noted from this work:

1)

2)

3)

4)

62 per cent of all heat recovery schemes proposed were of the
gas-to-gas type, 26 per cent of the gas-to-liquid type, 7 per cent
of the liquid-to-liquid type and 5 per cent other, e.g. burning
wood waste for hot water production.

The average payback period for gas-to-gas heat recovery schemes
was 4 years, for gas-to-liquid 3.1 years, liquid-to-liquid 2.7 years
and for others 2.4 years.

An extensive survey of companies marketing energy conservation
equipment was undertaken. This survey details over 1000
companies,

From a survey of 83 industrial ovens, the average exhaust gas
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temperature (at outlet to atmosphere) was found to be 438K,
with 46 per cent of temperatures occuring in the range
424K-473K.

5) From the survey carried out in the food processing industry, it
was found that 68 per cent of applications required hot gas as
the utilisation medium, i.e. for space heating or combustion gas
pre-heating. Only 32 per cent required hot liquid for utlilisation
purposes.

6) 60 per cent of all ovens surveyed had total exhaust gas emissions
in the range 0-2m°/s, the average being Im>/s. 40 per cent of
all sites surveyed had total exhaust gas emissions greater than
2m°/s, the average being 3.6m°/s .

7) An analysis in 1980 concluded that the total potential for waste
heat recovery in 33 U.K, industries (excluding iron and steel) was
63 600TJ (18 TWh) per annum. With an average payback of two
years, this gave a market for heat recovery schemes of £301

million.

8.1.2 Development of a Modular Heat Recovery Unit

The MHRU, the internally generated product idea, was a product-push
product developed to fill a gap in the heat recovery field A prototype
was manufactured and an independent test report on the unit's
performance is due to be available in early 1983. Preliminary evaluations,
however, show the MHRU in a favourable light. The following conclusions
can be made from the development of this unit:

1) The MHRU fulfilled the specifications as defined by market
research by providing an easy to install, completely compatible
heat recovery system in one box.

2) From preliminary marketing exercises it has been established that
heat recovery systems in one box were liked, and the modular or

unit concept for heat recovery equipment was liked.
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3)

4)

5)

6)

7)

In recent years, 8 other such modular heat recovery units have
appeared in the market place. These competitors do not share
the same temperature capability as the MHRU, the best having a
ceiling of 413K, (The standard MHRU has a temperature
maximum of 473K, with specials available up to 750K). The
presence of these other units, however, does serve to reinforce
point 2) immediately above.

This development has provided the sponsor with a prototype unit,
from which a commercially acceptable device could result. The
sponsor can now consider the following options seriously; to enter
the manufacturing sector and develop the MHRU further, or to
discontinue the project and remain in consultancy and contracting.
The potential for heat recovery from industrial ovens in the U.K,,
the market at which the MHRU was aimed, was estimated to be
3165TJ (0.88 TWh). Using the assumptions of energy and MHRU
costs given in section 4.2.2 (page 64), and the gas-to-gas
utilisation precentage given in section 3.1.1 (page 31), this
represents a potential market of 295 units (£3.57 million). If
applied to the 33 industrial sectors considered in table 4.1 (page
64), the potential U.K. sales increase to 5400 units (£65.4 million).
Preliminary market research for the MHRU revealed the possible
requirement for a single flue heat recovery unit. This unit has
since been developed in conjunction with a major industrial oven
manufacturer, Baker Perkins. It is due to be marketed by them
as an optional extra for their ovens in 1983.

The MHRU development, in addition to the design of a modular
heat recovery unit, provided the sponsor with benefits in the
following areas: development, marketing, advertising and office
systems. These benefits alone, it has been estimated, should

repay the cost of the MHRU's development within 2 years.
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8.1.3 Development of an Exhaust Gas-to-Liquid Heat Exchanger

The exhaust gas-to-liquid heat exchanger, the externally generated product
idea, was a market-pull product designed specifically for the needs of one
client. Prototypes of the heat exchanger have been tested individually
and an installation using 25 units, which it is estimated could save
2.35x10° litres of boiler fuel per annum, is at present (1982) proving their
combined operational viability. The following conclusions can be made
from the development of this unit:

1) A requirement of this development was the recovery of heat from
the exhaust gases of diesel engines testing lubricants. This, to
be achieved withmjt affecting critical operating characteristics of
the engine, and so not invalidating previously obtained engine
test results.

2) Heat recovery equipment retrofitted often affects the original
system's operating characteristics. @~ The heat exchanger tested
had no detectable effect on the engine from which it was
recovering heat; this suggests the design may be particularly
suitable for applications similar to the one tested where such an
attribute may be advantageous, i.e. heat recovery from systems
where there is a need not to invalidate performance results
obtained prior to the application of heat recovery.

3) The static pressure drop through the heat exchanger was
approximately 20 per cent of the static gauge pressure of the
exhaust gases measured at the engine exhaust manifold. It is the
allowable increase in pressure that can be tollerated whilst

maintaining previous engine test criteria.

This figure could be used a8 a preliminary criterion in the design
of other heat exchangers for similar applications to the one

tested i.e. where major changes in engine operating
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4)

5)

6)

7)

8)

characteristics cannot be tolerated.

Increased back pressure on the exhaust of an engine can promote
accelerated engine wear, The developed design presents minimal
extra back pressure to the engine, so helping to limit the
increase of engine wear. This makes it particularly suitable for
the following applications; engines testing lubricants, engines
operating long duration tests and engines operating under
stringent test conditions,

Turbulators increased the heat transfer performance, as measured
on the water side, by approximately 20 per cent over the design
without them. This, however, increased pressure drop by
approximately 35 per cent. Such an increase was not acceptable
and the turbulators were subsequently removed.

Mild steel was used entirely for the construction of the heat
exchanger. After 15 months use no trace of corrosion was
found, Exhaust gases were above their due point for a majority
of this period, and it is suggested that there is little advantage
to be gained in attempting to extend the life of a heat
exchanger through the use of more expensive stainless steels,
certainly in applications with similar exhaust conditions to those
tested.

The use of longitudinally finned extended surface tubing facilited
cleaning of the heat exchanger.

The potential U.K. market for the heat exchanger in the recovery
of heat from diesel test engines has been estimated at 570 units
(1461 A further 960 [146] could be used in the testing of
standard commercial diesel engines. This gives a total U.K.
market of 1530 units or £1.3 million, based on a unit cost of
£850. Again it is the sponsors decision to enter this market, if
required.
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9)

The development of this heat exchanger has provided the sponsor
with a commercially acceptable design and has increased the
in-house design expertise. Although a majority of this
development was funded by an external client, the sponsor's
contribution was £2417. 12 heat exchangers were needed to

completely off-set this investment - 24 have been sold to date.

8.1.4 Marketing of Heat Recovery Equipment

Several

important points have emerged as a result of the MHRU's

marketing campaign. Although below they are described in relation to

heat recovery products, it is felt that they are applicable to new

products in general:

1)

2)

3)

4)

In the marketing of new heat recovery products it should be
ensured that customers understand what is being sold. The MHRU
offers a new concept in the heat recovery field and an education
process was required to teach the customer what this product
was and did. This should be done before attempts are made to
sell the product.

Before the educa