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1. SCOPE:

This report contains background information on life cycle cost elements and key ECS cost factors.  
Elements of life cycle costs are defined from initial design phases through operational use.  Information 
on how ECS designs affect overall aircraft cost and information on primary factors affecting ECS costs 
are discussed.  Key steps or efforts for comparing ECS designs on the basis of LCC are outlined.  Brief 
descriptions of two computer programs for estimating LCC of total aircraft programs and their use to 
estimate ECS LCC, are included.

1.1 Purpose:

The purpose of this document is to provide qualitative information on life cycle cost (LCC) aspects of 
environmental control systems (ECS) design.

2. REFERENCES:

1. Tsujikawa, G. and Rajpaul, V.:  “Closed Loop Environmental Control Systems (CECS) Study,” 
Technical Report AFWAL-TR-80-3149 Volume I and Volume II, Air Force Wright Aeronautical 
Laboratories.

2. Anon:  “Budget Guidance Manual,” 7110-1-M Department of Defense 1974.

3. Anon:  “Aircraft Systems - Operating and Support Costs, Guidelines for Analysis,” AD/A-039369 
Department of Commerce, April 1977.

4. Marti, V.; Kosfeld, O.; Short, R.; Moyich, G.:  “Advanced Environmental Control System,” Technical 
Report AFFDL-TR-77-68 Air Force Dynamics Laboratory.

5. Campbell, S., Taylor, K., “Aircraft Avionics Environmental Control Design and Analysis Procedures 
for Optimized Life Cycle Cost,” General Dynamics Corporation, Convair Aerospace Div. Report 
GDCA-PDB-71-002, July 1971.

6. Berger, R., “A Systems Approach - Minimizing Avionics Life Cycles Cost,” SAE Technical
Paper 831107.

7. Dieckmann, R.; Watson, A.; Glover, S., “Development of Integrated Environmental Control System 
Designs for Aircraft,” Technical Report AFFDL-TR-72-9 Volume I Air Force Flight Dynamics 
Laboratory.

8. Rachowitz, B., Pulito, V.; and Izzi, M.:  “Modular Life Cycle Cost Model,” Volume I, Rev. 1,
AFFDL-TR-78-40, Air Force Systems Command.

9. Anon.:  “Logistics Support Cost Model User’s Handbook,” U.S. Air Force, August 1976.
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2.   (Continued):

10. Anon:  “USAF Cost and Planning Factors,” AF Regulation 173-13 Department of the Air Force, 
February 1982.

11. Hilbert, W.; and Bruno, A.:  “Environmental Control System Concept Study for a Type A V/STOL 
Aircraft,” Report No. NADC-78039-60, Naval Air Development Center.

12. Anon:  “SAE Aerospace Applied Thermodynamics Manual,” ARP1168, Society of Automotive 
Engineers, Inc.

3. BACKGROUND - IMPORTANCE OF ECS LIFE CYCLE COST:

An important part of initial ECS development is to compare alternate ECS designs and the total cost 
impact of these designs over the life of the aircraft in which it is used (i.e., ECS life cycle cost).  In the 
past, ECS were designed to maximize the thermodynamic performance, with compromises to 
minimize size, weight and initial cost.  Since many ECS costs are fixed by early design choices, it is 
imperative that implications of ECS design decisions on costs be identified.  For example, a 1980 
estimate (100 production units) for ECS operational and support costs is 2/3 of ECS life cycle costs, 
while development and procurement costs comprise the remaining 1/3 (Reference 1).  Therefore it is 
important to determine the impact of ECS design decisions on the operational  and support cost part of 
LCC early in an ECS development program.  In order to minimize overall aircraft LCC, it is also 
important to be aware of and to assess the impact that ECS has on other aircraft systems when 
evaluating candidate ECS approaches.

4. LIFE CYCLE COST CATEGORIES:

Life cycle costs for ECS, and for other aerospace systems and structure, are divided into three 
categories which occur sequentially, but which generally overlap.  These costs may be for “one-time” 
efforts or hardware (non-recurring costs), or for repetitive efforts or multiple items of hardware 
(recurring costs).  The three life cycle cost categories are:  1) research, development, testing and 
evaluation; 2) procurement; 3) operations and support.  These are outlined in the following sections.  
More detail about these cost elements is found in References 2 and 3.

4.1 Research, Development, Test and Evaluation (RDT&E):

Costs for initial ECS research and feasibility studies, through system development, including 
prototype and pre-production system testing and test evaluation, are non-recurring.  RDT and E cost 
elements are shown in Figure 1.

4.2 Procurement:

Procurement of an ECS in production quantities includes costs which are non-recurring, defined as 
support investment, and costs which are recurring, defined as system investment.

4.2.1 Support Investment: Support Investment costs are required to implement operational use of the 
system.  Support Investment cost elements are shown in Figure 1.
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FIGURE 1 - Life Cycle Cost Elements
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