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Executive Summary 

RDH is seeking a staged $10 million in new equity and debt funding in order to deliver, upon sales through the aviation OEM channel alone, worth $82 million over the next four years, and where terms have already been at least agreed. 

The company’s product is a compact, light weight diesel engine devised initially for the light-aircraft market. In practice, other industrial applications are also generating major sales interest, examples being pumps for the US Fire Services and refrigeration motors for vehicles. 

The engine is the result of 10 years of co-operation and development by three leading air-industry entrepreneurs, all of whom have huge experience, high profiles and enviable personal networks. Using a two-stroke opposed piston layout first proven by Junkers in the 1930’s and then largely forgotten by the air industry, it gives four discrete 30%-plus benefits over existing market leaders. These are in fuel economy, size, longer service intervals and a lower component count (reducing costs, increasing reliability). 

After nearly 2,500 prototype running hours, the aviation engine is ready to enter its production stage. It will be followed by 5 higher output models for aircraft alongside lower-cost industrial equivalents. Initial production demand will be met from the existing facility before a dedicated US assembly facility comes on stream in 18 months time. 

To date, no other manufacturer has delivered a successful aviation diesel engine; over 80% of competing products require aviation gasoline which is more expensive, volatile, and dangerous and which contains high lead levels. The US Environmental Protection Agency announced in October 2008 plans to reduce lead emissions levels by 90% by 2011. Also, as a diesel, the engine delivers more torque across its rev-range than gasoline rivals. 

The aviation engine market in the US alone is worth around $500m, with the US general industrial market valued at $3.5billion annually. This compares to budgeted cumulative sales in RDH’s first three years of $51m of which 22% is already covered by signed Memorandums of Understanding, despite a constrained marketing effort to date. RDH also has already received requests to become dealers from 32 businesses in nine countries. 

There are at least three elements of this engine design that have patent potential. To further protect the company’s intellectual property, management intend, whilst contracting-out most production steps, to keep the most commercially sensitive processes in-house. A key factor in now seeking investment is to ensure the company has the financial resources to exploit its two-year technological lead in opposed piston diesel aero-engine design. 

The company’s financial forecasts are based on sales rising to $18 million in year 3 and $38 million in year 4, generating pre-tax profits of $8million and $10million respectively. To achieve this, the company is seeking staged new equity and debt funding totaling $10million, to be used to set-up the assembly plant, for working capital and to complete the full range of engines. Management then anticipates an exit in year 3 or 4 by way of a trade sale. 

Product – the RDH Engine 

The Company, RDH, has developed a refined diesel engine, called the RDH Engine, aimed initially at the light aircraft market, but equally applicable to other markets, that provides the following key benefits: 

· Travel up to 28% further for the same fuel load 

· Service intervals 33% greater than rival products, so cheaper to maintain 
· Uses 30%-40% fewer parts, making it more reliable and cheaper to build 
· 30% smaller and 20% lighter than competing products 
· It uses diesel (or Jet A) rather than auto or aviation gasoline - the latter, with 80% market share, is the only mass market fuel still containing lead, is highly toxic and a US EPA directive of October 2008 plans to phase it out by 2011. Diesel and Jet A are far more widely available than other fuels and less dangerous to transport, store or have on board in an emergency 
· Develops more torque across the rev range, providing additional thrust that enhances aircraft performance 
Some of these benefits include improved power-to-weight ratio, greater reliability, easier operation and flexibility to run on Jet-A and diesel and lower engine/accessory installed weights. We are also working on a conversion kit to have it run on LNG (Liquefied Natural Gas).
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As diesels will be heavier, but smaller in construction (outlined above), compared to a gasoline engine, it pays to increase efficiency and power to weight ratio by adding a turbo or supercharger combined with an intercooler. With a turbo charger the power is increased by 20%.
The RDH 100 has fully completed all pre-production stages and is ready to enter its production stage. The whole development process has been funded by existing shareholders. 
Product Design 

The RDH Engine uses a two-stroke opposed piston layout. This configuration was pioneered extremely successfully over 75 years ago by Junkers in diesel engines generating 800bhp plus. A number of other manufacturers later built successful heavy industrial and automotive opposed piston engines. For light weight engines, the design avenue was sidelined by the introduction of turbine engines, which became the vogue so it was largely forgotten. RDH however have revisited it and applied modern technology to the basic concept to create a series of smaller diesel engines with uniquely high power to weight ratios. 

The 21st century version starts at much lower outputs, starting at 100bhp with further models feasible up to 600bhp with all the same benefits of low fuel consumption, maintenance and weight. 

The physical size is substantially smaller than auto engines of comparable output. For example the RDH 100 measures 22 by 21 by 16 inches (57x55x40cm) and weighs only 155 pounds (70.5kg). Details for the full range are as follows: 
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The above schematic view shows the basic layout of an opposed piston. The twin cylinder opposed piston engine has two pistons in each cylinder with the combustion chamber formed between the crowns of the pistons. The cylinders are ported at each end with one ring of ports opened by the air piston supplying the fresh air charge, and the other opened by the exhaust piston and connected to the exhaust system. Gas flow through the cylinder is therefore in one direction (uniflow), which leads to more efficient after treatment than in a conventionally exhausted engine.

As well as eliminating the camshaft, valve gear and cylinder head joints that are the main sources of unreliability and high maintenance activity in conventional engines, the simplicity of the layout allows significant weight and cost savings to be made in a well designed opposed piston engine. In higher power variants of the engine a turbo charger is used to increase power and offload the supercharger drive to the further benefit of both power and fuel efficiency.

In addition, to ensure that crankshaft problems are eliminated in the engine, the half-length crankshafts are manufactured with high-quality "EN40" steel — a material frequently used in Formula One racing engines routinely operating at up to 19,000 rpm.

Model
RDH 100

RDH 125

RDH 200

RDH 275

RDH 360

RDH 550

BHP

100

125

200

275

360

550

Cylinders

3

3

3

3

4

6

Turbo

Y

Y

Y

Y

Weight (lb)
155

169

275

320

385

550

Width (in)
22

22
29

29

29

29

Length (in)

21

24

29

31

37

48

Height (in)

16

16
17
18
19

21

Research and Development 

The RDH 100 is a finished entity at pre-production stage. After 1,500 test stand running hours and 900 hours installed ground/flight testing across four prototypes, the engine is performing reliably and exceeding operating expectations. It is currently undergoing final output and emissions tuning. 

The timelines are now as follows: 

Timeline RDH 100 
Month 4
 - 
First OEM delivery 

Months 5/6
 - 
6 Customer engines, 3 OEM deliveries 

Months 7/8 
- 
5 Customer engines, 4 OEM deliveries 

Post Month 8
 - 
40 engines per month, rising with demand to 100 per month 

Month 11
 - 
ASTM clearance (see Certification, approvals and safety below) 

In parallel, development is scheduled for a 125bhp version of the engine. This engine has 100% common mechanical components with the RDH 100, all of which are stressed to 150HP but adds a turbocharger to provide the extra power output. 

Timeline RDH 125 
Month 9
 - 
First prototype 

Month 11
 - 
First OEM delivery 

Month 16
 - 
Full production commences, 

Month 17
 - 
Type Certification 

Thereafter, the company plans to extend the range further with rising power outputs in two stages 

1. 200 and 275bhp versions. These use the same three cylinder configuration but scaled up to add capacity. These models are included in the sales and financial projections
2. 360 and 550bhp versions that use 4 and 6 cylinder configurations respectively so will require further development work. These are excluded from the sales and financial projections but see Appendix C for an outline financial assessment. Customers have already initiated Memorandums of Understanding (MOU) worth $35m in respect of the RDH 360 

Certification, approvals and safety 

Engine certification depends on the application. For Light Sport Aircraft (LSA), Aviation Authority certification is not required. Instead, each manufacturer is ASTM (American Society for Testing and Materials) approved; this is an audit-based system that is faster and far less costly than full Federal Aviation Authority (FAA) Type Certification. ASTM approval is expected to be attained by spring 2010. Most beneficially, not even ASTM approval is required for ‘Experimental Aircraft’, a category that includes amateur and kit-built airplanes. 

Both FAA and EASA type certification of the 125bhp model are expected to be completed by the end of 2010 enabling the aircraft versions of the RDH to be used in a market of 20,000 aircraft in the US and 30,000 worldwide. 

Emission controls excluded, no equivalent certification requirements exist in markets outside of aviation but the higher design and production standards required to produce aircraft engines are proving to be a significant marketing benefit. 

Intellectual Property 

RDH believes it can obtain patent protection covering a number of presently confidential aspects of the design. In particular, these cover: 

1. The Induction system 

2. Cylinder port design 

3. The fuel injection system 

Nevertheless, management recognize the risk of larger organizations taking our engine as inspiration to create their own reverse-engineered clones, backed by far larger legal budgets than RDH can realistically call upon. 

The company recognizes that there is no absolute protection against cloning and that it is to some extent inevitable. However, management believes that the engine has a two-year lead over any competitor starting from scratch. The plan is to utilize that time to establish the RDH brand and quickly build ‘market-leader’ status for its diesel engines. 
The market 

The engine was initially developed for the recreational light aircraft market, but pre-marketing has proven there is significant additional sales demand for other applications such as: 

· Emergency vehicles

· Construction Equipment 
· Refrigerated lorries, due to its fuel economy and light weight 
· The US and other military 
· For use as generators and mobile refrigeration units 
· Marine engines 
· Generators

· Trucking industry
Management’s market research estimates the annual piston engine sales for all market segments (excluding the automotive industry) to be roughly 2 billion in the US alone. A breakdown of each market segment within the USA is as follows: 

Air
	Experimental Aircraft
	 
	29 

	Light Sport Aircraft 
	
	40 

	Certified Aircraft 
	
	91 

	Unmanned Vehicles 
	 
	230 

	Air Total
	390 

	Marine 
	 
	201 

	Industrial 

	Construction 
	
	1,304 

	Agricultural 
	 
	758 

	All Terrain Vehicles 
	
	8 

	Other and Off-Highway 
	 
	302 

	Power Generation 
	 
	195 

	Mining Machinery 
	
	77 

	Garden 
	
	32 

	Fire-Fighting 
	
	21 

	Industrial Total
	2,701 

	Grand Total 
	 
	3,292 


Market share is expected to be far greater in the aircraft market, where the FAA forecast the registration of 16,000 new LSA aircraft between now and 2017 on top of the approximately 200,000 other light aircraft already in use. However, numerically, the biggest sales volumes are expected to come from the industrial and marine markets.

Sales and marketing 

The engine was initially developed for the recreational light aircraft market, but pre-marketing has proven there is significant additional sales demand. We will use sales applications such as: 

· Evaluates the key markets and sectors 
· Analyses competitors’ relative strengths and weaknesses 
· Details a sales plan for each segment and location, covering PR, press coverage, Trade shows, advertising and more 
· Utilizes the personal relationship networks built up by the members of the management team over their long careers in the aviation and engine industries 
· Includes an HR plan for building the sales and marketing team over time 
· Sets out a detailed Action Plan to 2012 

A key part of the plan is the development of Dealer and Service networks in both the USA and Europe. Since announcing the engine at Air Venture in Wisconsin (which describes itself as The World’s Greatest Aviation Celebration) the company has received requests for dealerships from over 32 dealers in 9 different countries. See Customer Contact Summary (Appendix C). 

The sales plan leads to the following unit sales levels:
	Units 
	Year 1 
	Year 2 
	Year 3 
	Year 3 

	Air 
	34 
	372 
	830 
	1,038 

	Industrial 
	197 
	1,282 
	1,661 
	2,076 

	Marine 
	0 
	26 
	177 
	221 

	UAV 
	0 

231
	4 

1,684
	52

2,720 
	65

 3,400

	
	
	
	

	Total value 
	$2.2m 
	$17.9m 
	$30.9m
	$38.4m 


Pricing 

Management’s intention is to establish RDH and the engine as a premium product attracting a sales premium of 10% over competitors, all of whom have less efficient engines with higher running costs. There is a balance to be struck in the level of this premium – setting it too high will inevitably encourage clone products. 
In the short term, the company recognizes the primary objective is to build brand recognition and market share, which may lead initially to a more aggressive price-positioning. The engine’s potential for lower production costs than rivals, gives the flexibility to choose between higher margins or aggressive but sustainable pricing levels. 
Unit prices vary across both markets (through necessary higher material and production specifications for aircraft engines) and sales channels. OEM prices for the RDH 100 are scheduled at $16,250 compared to $18,000 at retail, whereas industrial/marine units start at $6,500 for 70bhp (de-tuned 100bhp engine). The directors believe a retail price of $22,000 is achievable for the RDH 100 within 12-18 months once the engines benefits become clear to the market.
Order book 

In addition to five deposit-paid orders (after which the decision was taken not to accept any more) the company already has numerous Memorandums of Understanding (MOU) with aircraft manufacturers, either signed, agreed awaiting signature or in negotiation. Under these MOUs, manufacturers agree to evaluate the engine and, if it passes their testing, offer it as standard on their products thereafter. Such evaluation typically takes six to nine months. Based on feedback from customers and the directors’ assessments, the value of successful evaluations on those MOUs already in hand equates to $13m in year 2, $29million in year 3 and $40million in years 4 and subsequent. This represents 62%, 76% and 83% of forecast sales respectively 

Enquiries 
In addition to the above, enquiries and visits from potential customers are continuing, including those from some of the world’s largest light aircraft and UAV companies. 

Competition 

In the key aviation sector, none of the existing engine manufacturers have a diesel engine satisfactory to leading light aircraft manufacturers. As an example, Cessna have been working with a German company, Thielert, for several years without achieving a positive result. Thielert went into insolvency earlier this year and Cessna’s two leading engine suppliers are at least three years from having a diesel engine ready. In addition to the MOUs listed in Appendix B, Cessna has started preliminary discussions with PPD that could be worth at least 750 engines per annum. 
In contrast, the industrial sector has a multiplicity of diesel engine manufacturers, some with multi-billion turnovers. However, our engine delivers a range of benefits not available anywhere else. Its aviation related characteristics of low weight, small size and high reliability, added to inherently low build costs will enable sales in many niches. Nevertheless, the budgeted sales level is prudent, equating to a negligible market share. 
In both instances, we recognize that it will be a new entrant into a mature market with well established and funded competitors. However, historically high oil prices and the increasing pervasiveness of ‘green’ issues are creating new and unavoidable pressures towards fuel efficiency. 
Environmental issues 

The US Environment Protection Agency announced on 16 October 2008 that it will order US industry to reduce the amount of lead emitted into the air by 90% by 2011, the first update since 1978 when leaded petrol for cars was phased out. The main competitors to the RDH engine use AvGas which still contains high lead levels. Unlike car engines though, adjusting these engines to run on an unleaded fuel is far from straight-forward. In many instances, the conversion cost is not dissimilar to buying and fitting our new engine – except conversion would not subsequently deliver the engine’s fuel consumption savings.
Production 

A substantial proportion of the manufacturing process will be sub-contracted to third party specialist manufacturers – minimizing the requirement for factory space, capital expenditure and operating costs. However, the most innovative and operationally critical operations will be completed in house to protect, as far as is possible, the knowledge of how key processes are done as a pragmatic addendum to any patent and intellectual property protection. 
Initially, in house production will be fulfilled at the current Norvic Aero Engine facility at St Neots, Cambs, which has the capacity to build 750 to 1,000 units per year. However, the core long-term production facility will be established in the USA, the biggest geographical market. The management team has already developed a detailed plan for setting up this production plant with an expected lead-time to first unit completion of 12 months. Fitting out cost is budgeted at $1.5m. The management team is aware of the availability of grants and other financial assistance that could help fund the US production unit and will explore these opportunities as a way to reduce the funding requirement.
Financial forecasts 

The financial forecasts were prepared by the directors and have been reviewed by the company’s Auditors, Gallaghers Chartered Accountants, based in London. A copy will be made available separately to parties expressing specific interest. 
The key highlights are summarized as follows, shown with sensitivity analysis measured as a percentage of sales budget achievement.








Sensitivity







Sales level as % of forecast 
Sales

           
           Forecast

70%
             110%
             125%




$m

$m

$m

$m

Year 1



 2

1.4

2.2

2.5

Year 2



17

11.9

18.7

21.2

Year 3



30

21

33

37.5

Year 4



38

26.6

41.8

47.5

Profit (Loss)




Year 1


              (1.1)

(1.4)

(1)

(0.8)




Year 2



4.0

2.8

4.4

5.0

Year 3



8.2

5.7

9.0

10.3

Year 4



10.4

7.3

11.4

13.0

Year End Cash

Year 1



(0.6)

(0.4)

0.6

0.7



Year 2



2.0

1.4

2.2

2.5

Year 3



4.1

2.9

4.5

5.1

Year 4



5.2

3.6

5.7

6.5

The sensitivity analysis is based on varied sales levels but static gross margins and costs. In practice, costs would be reduced if sales levels are below plan, giving a substantial breakeven-point buffer.
Risks 

Shortage of capital 
The directors believe the business is a viable concern without an injection of funds. However, the rate of growth would be substantially inhibited and the risk of clone products appearing increased. Capital is therefore being sought primarily to ensure the sales opportunities already created can be converted to turnover and cash. 
EASA consent delays 
European Regulations and Standards are progressively being moved into alignment with the FAA, creating a moving target in the interim. To mitigate this risk we will use staff and specialists who have current experience and expertise in successfully gaining these consents. The sales interest from industrial markets provides an alternative market outlet if aviation regulation creates excessive delays. 

FAA consent delays 
RDH’s initial regulatory approval will be through EASA after which we will apply for FAA approval under the Bi-Lateral agreement between Europe and the USA. 
Production delays 
Having an existing, proven production facility at St Neots removes a substantial layer of production risk, allowing a greater focus on procurement, assembly and testing, rather than building factories. 

Engine reliability 
Management’s experience is that engine reliability is born on the drawing board, weaned on the test bed and nurtured by the Quality Plan. After ten years of research there is little about metallurgy and stress within the opposed piston engine that is not well understood by RDH. The engine design combines this approach and knowledge with a determination to deliver a reliable product.
Investment proposal 

Management is seeking initial funding of $4.8 million. This would bring all the engines up to 275 into full production, having built full sales momentum for the 100 and 125 engines with sales building for the 180, 200 and 275. 
In addition, RDH is seeking a further $95,000 a month over the next three years to bring the 360 and 550 engines from design to production. Provisional orders already received for the 360 alone are already worth over $35 million (at gross margins of around 50%) without any sales or marketing effort. One customer, Carter, believes the 550 would revolutionize their business, demanding volumes even greater than the 360. None of the potential engine sales of the RDH 360 or 550 are included in the financial projections, but see Appendix C. 
The combined monies of $8.4 million is sought in a combination of approximately 2/3 equity and 1/3 debt from a pro-active Venture Capital Partner (or Partners). Ideally they would have a successful track record in helping in the development of a business with a USA bias. 

Outline use of funds in year 1 
	Capital expenditure 
	
	$1,331k 

	Funding of initial trading losses 
	
	$1,040k 

	Working capital 
	
	$910k 

	Contingency 
	
	$558k 

	Total 
	
	$3,839k 


Appendix A – Illustrative retrofit payback assessment 
A financial analysis of the savings generated by replacing a gasoline aircraft engine with a RDH 100 is as follows; 




       RDH

           Rival

          Difference

                                                                     $


$


     $

Engine cost
Fuel cost per hour
Hrs between overhaul
Overhaul cost

Overhaul cost per hour

Hours between service
Cost per service
Overhaul cost per hour


    
16,250
21.0
2,000
3,200
1.60
150
720
4.80

16,250

51.6

1,500

4,800

3.20

150

1,120

7.47

-

30.5

1.60

2.67

Total Difference









34.81                                     
Operating hours for payback







   496
(Assumes $1,600/ fitting cost)

Typical flight school hours per annum






   700 

Payback in months
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