Summary of Global Group 5: Cost and Engineering.

Convenors:  Robert Kephart, Wilhelm Bialowons, Tetsuo Shidara

Session 1: Establishing ILC Project Standards; Tuesday, August 16, 2005.
Presentations
US Project Standards                          Harry Carter (FNAL) 

European Project Standards                Lars Hagge (DESY)

Asian Project Standards                      Hitoshi Hayano (KEK)

LHC experience
                         Jean Pierre Delahaye (CERN)

Speakers should address:
1) Engineering standards

2) Safety codes, reviews, and standards 

3) CAE software (mechanical, RF, accelerator modeling, etc)

4) CAD software packages & drawing exchange

5) Software license issues

6) Project information exchange (EDMS, etc)

7) Change control in a multi-regional project

We heard 4 interesting talks by representative from 3 regions and LHC concerning “Project Standards” which stimulated exciting discussion. 

Harry Carter stressed the importance of project standards since these have a strong influence on how we work and communicate. Necessity for standard ILC Terminology was also pointed out expecting that a lot of people are/will work on ILC and they must speak the same “language” ; this doesn’t mean speaking English, German, Japanese, etc., but rather “ILC”ese. 
GDE & the WG’s should create a “dictionary” of ILC terms and post it on to the web that define crisply what is meant by RDR, BCD, ACD, TDR, change control, example civil site, core cost estimate,  “operating” cavity gradient, etc. 

We discussed engineering standards issues in some detail. Engineering standards are also important and significant issues that must be resolved to realize a big international project. These issues are largely orthogonal from the issues of cost and schedule methodology standards, cost modeling, etc. and probably they don’t have a big impact on the costs. It is highly desirable to create a more specialized group which focuses on Engineering Standards issues.
Next we discussed “codes” issues. Standards are captured as “codes” in the various regions. Although we don’t know the ILC site for some time, therefore, we don’t know which “regional” standards we should adopt for ILC project, it is important that the ILC make choices early on the establishment of internal “ILC Project Standards”. In order to realize this, we need to make a matrix of codes versus regions; pressure vessel codes, electrical codes, life safety & fire codes, radiation protection, units, drawing standards, etc. Considering the impact of any choice on each region, we will pick something as the “Internal Project Standards”. Since there are some differences of “codes” between regions, everyone has to make compromises, but in general the regions and industry will adapt them. When the site is known, ILC “Project” will make specific adjustments to insure we obey relevant regional codes and laws.
Hitoshi Hayano provoked the necessity to define the “depth” of ILC standardization. According to his definition, there are 3 categories in the depth of ILC standardization.
1) Component Standardization: (Build-to-print, all items interchangeable regardless of where they are made)

2) Module level Standardization: (Modules with well specified interfaces, but internals may vary depending on who makes it)

3) Machine Segment: (Regions take responsibility for all components in entire sections of the machine)

Although it will be worth discussing 3) as an ultimate case of international collaboration, it might make sense when we choose the boundary somewhere between 1) and 2).

At the end of the session, we heard an impressive talk “CERN system for LHC” by Jean Pierre Delahaye from CERN. CERN has many experiences on international collaboration which requires project standards. We are fortunate since we have examples to follow not only CERN system but also other international project like ITER.
Recommendations:
Establish ILC internal Project Standards
Choose an EDMS system (Electronic Document Management System)

Appoint a group to collect requirements for ILC document management 

Survey available systems 

Make a recommendation to GDE very soon (already the GDE plans)

Establish an engineering standards group

Choose common engineering tools e.g. CAD system
Collect requirements for ILC Standard CAD systems

Use 3-D CAD modeling for all drawings including Civil
Establish drawing standards (including units and language)

Survey existing CAD software, including interoperability across regions

Recommend a standard ILC system to GDE

Study other large international projects and learn
Examine the CERN LHC system and its applicability to ILC

Examine the ITER case
Session 2: Cost and Schedule Methodology; Wednesday, August 17, 2005.

 A Conceptual Design Report (CDR) including a reliable cost estimate and schedule is to be written for the International Linear Collider (ILC) by the end of 2006. The methodology for cost estimates is different in the three regions North America, Europe and Asia. Thus the main topic of this session was to understand these differences and to arrive at a common approach to cost and schedule estimates for the ILC. Because of the similarities of the ILC and the European XFEL we first heard a talk by Reinhard Brinkman on the cost and schedule methodology for that project. Next, in the following three talks the representative cost estimate methodology in the three regions were presented.
A year ago, the International Technology Recommendation Panel (ITRP) recommended that the linear collider be based on superconducting RF technology. The ITRP report added an important comment regarding this technology: “The construction of the superconducting XFEL free electron laser will provide prototypes and test many aspects of the linac.”
 The superconducting linac of the European XFEL at DESY in Hamburg has about 5 % of the size of the ILC. The length of the machine is 1.7 km, the gradient 23 MeV/m, the energy 20 GeV, the repetition rate 10 Hz and the beam power 650 kW. The construction of the XFEL will start at least two years earlier than the construction of the ILC. For that reason the ILC project can hope to learn at lot about cost and schedule from this project.

Reinhard Brinkmann from DESY gave first a talk on “XFEL Cost and Uncertainties/risk Analysis”. He pointed out that the construction cost estimate is based on the XFEL design described in the October 2002 supplement to the TESLA TDR. The estimate has been revised to the year 2005 escalating with 1.5 % per year from the original year 2000 basis. An update of the cost estimate is ongoing and will be completed by the end of 2005. This estimate will accompany a new TDR which takes into account design changes, different site, more detailed analysis of some of the sub-systems, etc. Personnel costs are estimated on the basis of salaries at DESY in the year 2005 and include overhead to cover basic central services and administration. This is different from the 2002 TDR supplement. The project schedule assumes that final project approval and funding at the European level will be given approximately mid 2006. The plan approval procedure (Planfeststellungsverfahren) with the formal approval for construction and operation and the preparation for placing civil construction orders the will be finished before official project start. The actual construction of the European XFEL could begin about 2008 with beam operation in 2012 and SASE operation in 2014. The estimated total project cost including manpower are 793 M€, year 2005 basis, not including project preparation and escalation over construction period. The capital cost for the superconducting linac, and the civil construction cost are each about 20 % of the total project cost. The capital cost for infrastructure is an additional 10 %. The starting point for the cost estimate was the TESLA Technical Design Report (TDR) published in 2001. Industrial studies were carried out for this report including estimates for the production and treatment of about 20 000 cavities and for the assembly of the cryo-modules. In October 2002 the studies were updated for a smaller number of components and scaling rules were used for single components like tuners and RF couplers. In contrast to the TDR, no large reduction factor assumed for the relative small number of RF system components. Consistency checks with the TESLA linac, present prices, and experience from projects like HERA and TTF were carried out. One different from the TESLA TDR cost estimate is that the capital cost for the manpower was calculated and included the XFEL cost estimate. On average the cost of labor at DESY is 77 k€ per Full Time Equivalent (FTE) year on basis of year 2005 including overhead. For the entire European XFEL project a detailed uncertainty analysis is in progress. The methodology was described for the linac, which is with about 27 % of the total cost (including manpower) and represents the largest Work Package group. A statistical analysis of cost probabilities was performed using a set of uncertainty categories for the costed items. The result was a cost probability distribution in which the estimated cost had a probability of being achieved of 35 %. An additional 10 % risk budget increases the probability close to above 90 %. The cost risk of delays was determined by multiplying the delay with the personnel cost per unit time. i.e. a delay of 6 months is approximately 2 % of the total project cost, which is about 15 M€. The total operational costs are estimated at 85 M€/year. This number includes manpower for operations, cost of electricity, maintenance, refurbishment, and additional R & D and additional overhead.

Next Wilhelm Bialowons from DESY explained the “Methodology of TESLA Project Costs and Schedule and Possible Applications to the International Linear Collider”. The Project Cost and Schedule is described in the TESLA Technical Design Report (TDR).
 Some general remarks were mentioned as a prologue. Cost issues are very delicate and very important for successful construction of ILC (Norihiko Ozaki, LC Forum). It is very important both for project approval and ultimate success that the International Linear Collider management limit the overall project cost. The guideline recommended by Wilhelm is that the ILC management should choose the minimal solution for the ILC and not always the safest solution. Wilhelm also pointed out that cost control is as important as the cost estimate. A further remark was that coupling a new large accelerator complex physically to an existing laboratory site is advantageous from the point of view of investment cost and construction time. The basis of the TESLA TDR cost estimate was explained. The legal basis of the TESLA project is a law, in the form of a state treaty. This law covers the planning for the construction and operation of a linear accelerator. In1998 the two federal German states ‘Freie und Hansestadt Hamburg’ and ‘Land Schleswig-Holstein’, which seek to host the International Linear Collider, ratified the law. The treaty defines e.g. the codes, standards, safety zones, and preliminary investigations. In particular, the law requires that the linear accelerator may be only constructed and operated after the plan approval procedure has been finished. A baseline design was necessary for a reliable cost estimate. The capital cost included all components necessary for the baseline design of TESLA, as described in the Technical Design Report: Part II The Accelerator, Chapter 3 to 9. Not included are the costs for the High Energy Physics detector. The cost estimate complies with the Budgetary Regulations of Germany, which are similar to those of Europe as a whole. The cost of capital equipment was estimated assuming the purchasing power of January 2000. No additional contingency was added. The Value Added Tax (VAT) is not included in the estimation. It is assumed that the manpower required for the various stages of the project will be supplied by the existing manpower in the collaborating institutes. The manpower is quoted separately, and is not included in the total cost. A planning group has been continuously reviewing the technical layout of the system and the cost evaluations. The cost estimates for all major components have been obtained from studies made by industry, and are based on a single manufacturer supplying the total number of a given component. Using this basis the cost for the 500 GeV linear collider baseline design with one interaction region without detector is·3136 M€ (January 2000). The cost estimates for all major components were obtained from studies made by industry. For example: The cost estimate for the niobium for the superconducting cavities was taken from quotes from Wah Chang and Cabot Corporation both in the United States. The estimates for cavity fabrication were obtained  from an industrial study by Babcock Noell in Germany. Similar estimations were done for the other main components of TESLA. The price of the vacuum vessel for the cryomodules came from a study by E. Zanon SpA in Italy and estimates for the cavity preparation came again from a study by Babcock Noell. Thomson (now Thales) in France made a mass production study that was used for the klystron cost estimate.

The manpower required for the different stages of the project (design, procurement, fabrication and assembly, testing, installation and commissioning) was estimated mainly using experience from TTF and from other large projects like HERA. It is assumed that collaborating institutes will supply all required manpower. TESLA estimated that a total of 6 933 man years will be required.

The total cost for operations was estimated at 120 Million Euro per year. This includes the electrical power consumption, the regular replacement or refurbishing of klystrons, and helium losses. The numbers are determined assuming current prices and an annual operation time of 5 000 h. Costs for general maintenance and repair have been estimated assuming 2 % per year of the original total investment costs which corresponds to the DESY experience.

The construction time of TESLA was estimated to be 8 years. This evaluation is based on the following assumptions: At HERA the experience was an average tunneling speed of 10 m per day. Thus the TESLA tunnel construction could be completed in 3.5 years using 4 tunneling machines. Two years after the start of the civil construction on the DESY site, the tunneling machine will have reached the shaft for the next service hall 5 km away. At that time installation can begin in the first tunnel section. Installation of the first cryo plant, water-cooling systems and other infrastructure into the service hall on the DESY site will start after 2.5 years. Orders for major components will be placed at the same time as the civil construction starts. Between 2 and 3.5 years will be needed to set up the production facilities. Full production rate will be reached after one additional year. The first cryomodules will be assembled and ready for tunnel installation 4 years after the start of the civil construction. After 5 years the production and installation of all components would proceed at full design rate. The first 16.5 km tunnel section of the linear collider will be completed after 6.5 years. The positron site of the collider will be completed after 8 years. We expect that no more than one year will be required (between financial approval and the beginning of construction) for the bidding and awarding of contracts. Different from the TDR the plan approval procedure with the formal approval for construction and operation and the preparation for placing civil construction orders is assumed to be finished before official project start.

Site-specific costs were also considered. Assuming an identical baseline configuration was built (i.e. site at an existing lab, comparable tunnel depth, etc.) at a site different from the DESY site and world market prices apply, the capital costs to build the project elsewhere should be the same in a first order approximation. Because of regional differences, the ILC costs should be estimated without VAT (Value Added Tax), escalation, and contingency. Costs should be estimated for a fixed date (e.g. December 31, 2005). Additonal regional differences in the actual ILC cost estimate could come from differences in geology, codes, laws, labor rates, availability of electrical power and cooling water, or as a result of specific requirements of funding agencies that supply the resources. An example of the latter would the if a funding agency required components to be produced in a region even though that did not result in the lowest cost to the project. The cost driver for the civil engineering is the tunnel construction costs. Nearly fully automatically tunnel boring machines are available that will work in glacial deposits as well as in hard rock. The costs depend mainly on the tunnel diameter and not on the geology if the speed of the machines is approximately the same. Some of differences in geology may be compensated by other factors (e.g. a tunnel in sand below the water table may need no additional air conditioning; tunnels and halls in hard rock are likely stable without reinforced concrete, etc.). Availability of electrical power including the distance to the main overhead line and the availability of cooling water will have an influence on the costs. Typically this is not the case if the site is connected to an existing HEP laboratory.

In summary the TESLA TDR costs are a good basis for an International Linear Collider site-specific cost study especially for the superconducting accelerator and the RF system. To make additional progress on costs estimates a new baseline design is necessary. Cost drivers like a twin tunnel, a deep tunnel, and spare length should be avoided. The capital costs should be estimated. These costs should be optimized and not the costs over the lifetime of the machine. Contingency and escalation can be estimated after the site decision using the techniques demanded by the funding agencies.

The next talk was from Rich Stanek from Fermilab who reported on “Cost & Schedule, a US Perspective”. In the opening remarks he pointed out that his talk is more of a guideline to stimulate further discussion rather than a tutorial for how to do it. Globally, there are differences in the cost and schedule methodology, especially in the assumptions, how detailed an estimate is required, basis of estimate, software used. Often the general emphasis of the process is different. It is necessary to agree on the approach for the ILC cost and schedule exercise. Rich recommended that an all-inclusive estimate should be done with nothing hidden or assumed and a more global techniques for estimates is required that acknowledges different approaches in the three regions. Then he reported his observations. If you know the answer before you perform the cost and schedule exercise then problems can be expected, that means cost overruns, schedule slippage and technical compromises have to be expected which results in a “Blame game”. Set the rules and develop the tools before asking the people to fill in the numbers. Cost estimates for project are now taken much more seriously than in the past. The general methodology was explained with the following block diagram:
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Before creating the Work Breakdown Structure (WBS) the rules have to be established and the tools set up. This must be done in parallel to establishing the requirements and the design. Only then can the cost and schedule be reliably estimated. Some other issues have to be resolved. The beginning of the project has to be defined (i.e. when does R&D and planning end and the project begin). How are the expenses associated with assembly and test facilities, scientist salaries, overhead (varies widely across institutions), space, floor or utility charges, and learning curves to be handled? The basis of estimate can be made up by catalog prices, vendor quotes, and comparison to similar projects, time in motion study, parametric analysis and physicist and engineer estimates. The next questions are how to structure the WBS including how deep to go and at what level to allocate costs. It is important to define the risk level (i.e. 50 % probability rule that the estimated cost will be enough). The rest of the talk described the required standards and software tools.

At last Tetsuo Shidara from KEK presented the “Cost Estimates in Japan”. First he explained the organization of ILC-Asia costing. The methodology used for cost estimations was different for the different sections of the linear collider. The injector costs were estimated by cost survey and scaling, the costs for the main linac components like klystrons, modulator, and waveguides were taken from R & D and a resumed reduction factor, the main linac structures cost evaluation based on a production model, the price for vacuum pumps and power supplies are estimated by the survey of commercial data and the costs for the conventional facilities are coming from an industrial estimate. In the Japanese industry cost estimation contingency, escalation, and quality check costs are implicitly included. These are the direct costs. Then overhead cost (general administrative cost) has to be added. The design and management costs are included implicitly in the industrial estimates. Salaries for the laboratory staff are not included; the salaries for other staff including labor in industry are included. R&D is charged separately and not to the project.
In Japan two assessments tasks where made to estimate the ILC cost. In the first task a technical assessment of the original TESLA 500 design and a cost was done using KEK experience. Items with small technical risks or with global standards of cost resulted in small cost differences between the TDR and the KEK evaluation. Example: infrastructure (excluding cryoplants), Niobium material, surface treatment, klystrons, etc. Some technical items specific to the TESLA scheme showed big cost differences. Examples: cavity fabrication, RF power coupler, cryomodule fabrication and assembling, klystron modulator.
There were large differences in the Civil engineering estimates vs expected costs in Japan. ( Japan is more expensive) Standard costs like RF power distribution systems, HV cables, cryoplants are also presently high in Japan. In a second task, a technical assessment and a cost evaluation for 21 000 9-cell superconducting cavities was performed.
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Summary of the second assessment task.

This effort concluded that there is a possibility for a drastic reduction in the fabrication cost of the 9-cell cavities including the material cost from the first assessment. Further studies are needed for RF couplers, cryomodules, and klystron modulators.
In the above talks, the speakers were asked to address the following series of questions:

1. What is the current practice and methodology for project cost and schedule estimates?
United States: Cost and schedule methods for DOE projects are a direct result of DOE guidelines (DOE Order 413.3) and the Lehman reviews. Cost Estimate includes contingency, basis of estimate, resource loaded schedule, milestones and a way to track them.

2. How do we process for establishing a set of “rules” for ILC cost and schedule estimates?
Europe: First we need the “tripod” for the cost estimate of the ILC: legal basis, baseline concept or design and the capital cost estimate basis. The sites in the three regions must be comparable (i.e. coupling to a lab, deep or shallow tunnel, etc.).
United States: Need agreement as to which cost and schedule system will be used. Need to have some level of “stable” design. Data needs to be globally accessible.
Japan: Do we need “rules”? We really need BCD (Baseline Concept Document), time schedule and sufficiently detailed WBS, as well as guidelines for inter-regional cooperation, information sharing and cooperation with the industrial sectors.

3. How do we handle contingency, overheads, “in kind” contributions, lab or university contributions etc. 
Europe: The suggestion is to separate the capital cost, the additional manpower, the overheads, the contingency and the escalation (for the last three if really necessary).
United States: Contingency should be managed by the project. Cost everything as if it were being done in one country.
Japan: Respect the regional difference. Contingency and escalation are implicitly included, and salaries for laboratory staff are not included in Japanese projects. “In kind” contributions might be a baseline for an international collaboration.

4. Include actual estimates for industrial work in a public cost estimate?
Europe: They should be included in a confidential way.
United States: Yes. Should keep the name of the vendor classified and not release confidential back up calculations or analysis.
Japan: Probably no.

5. What is the correct methodology to include profit in estimates for industrial work? 
Europe: Cost for industrial work must be estimated by industrial studies. The profit must be included in the industrial studies and should not be separated.
United States: Needs to be included in a bottom up estimate. Percentage depends on the specific work.
Japan: Ranging from 10 – 30 % in KEK. 20 % is nominal.

6. Should ILC commission industrial cost studies of ILC in all 3 regions?
Europe: No, the call for tender will by worldwide.
United States: Independent cost studies are a good way to certify the accuracy of the cost estimate. The need to do it in all three regions is a function of the belief that the results would be substantially different.
Japan: Yes, as long as assuming the construction of ILC by sharing three regions.

7. How do we develop a cost model for ILC?
Europe: With the help of industry and international organizations like ITA International Tunneling Association. (I.e. ITA investigated world wide the “Legal and Administrative Issues in Underground Space Use”). Make use of a “Construction Set”.
United States: The civil planning group can develop an accurate civil construction cost estimate based on representative sites in each region. We don’t know the “bottom line” cost of building a cryomodule until a factory is set up to produce them and you run it like an assembly line. Industrial studies help. Costs for cryogenic plants and distribution should be able to be estimated based on similar projects and an accepted cost function relationship (cost versus capacity).
During the session it was notice by Maury Tigner that the ITER cost estimate could be a good model for the ILC. Thus on Monday, August 23 an additional talk on “ITER Cost Methodology” by Robert Aymar, CERN Director General and former ITER Director was organized. A brief summary is available under the International Linear Collider Webpage.
“On Monday morning CERN Director-General Robert Aymar addressed Global Group 5 – Cost and Engineering to share his experiences with ITER, an international project that many ILC scientists are using as a model. Aymar described the twenty-year cost estimate and planning process for ITER. Global Group 5 members had the opportunity to ask Aymar questions that ranged from ‘Will the ILC need an international treaty?’ to ‘Will the ILC take twenty years to plan like ITER?’ Aymar warned about such complications as exchange rates over a period of ten years. He explained that the Japan to U.S. exchange rate varied by more than 50 % over ten years. ‘The estimates start side by side and end up with very different costs because you are not working with the world market,’ said Aymar. He also advised scientists to keep in mind that the government’s timescale is very different from the scientific timescale. ‘International cooperation is a good way to slow down everything,’ he said. ‘As soon as you get through to the diplomats to get an international agreement, you have to follow their timescale, not the technical timescale.’ Aymar’s final words of advice to Global Group 5 were to define a goal.  ‘Our goal for ITER was to provide each party with an understanding of an equitable contribution,’ he said. ‘Presenting the cost estimate for the ILC is totally different. You have to put in very strong terms what the goal is for the costing estimate.’ ”

Recommendations: The essential technical basis is the BCD. For the cost estimate it would be very helpful to standardize the technical solution. That means to use one concept with a small number of options. But just as important is the legal basis. One should aim to get a similar basis as at ITER. Need to agree on a standard method for the “Basis of estimate” for the ILC project. Use this method to identify the “core cost” of the project. The core cost (value) is the best guess of the cost of all materials, labor, and resources the project will need to be built on an agreed upon schedule (50 % probability that this cost will be this number). It should be an all-inclusive estimate, which is public with nothing hidden or assumed. The industrial costs included, but encrypted in a way that the numbers will not be useful for “rigging” subsequent bids. No hidden contingency or risk management funds should be included. The regions can then interpret these numbers in the way the regional funding agencies are used to seeing.
Session 3: Industrial Issues; Thursday, August 18, 2005.
Presentations:
US Industrial Forum:                  Tony Favale (AES) 
Euro Industrial Forum:               Michael Peininger  (ACCEL) 
Japanese LC Forum:
                 Norihiko Ozaki 

Speakers should address: 
1) Principle issues in industry for a multi-regional project?

2) Can companies deal with different engineering and design standards?

3) Technical information sharing 

4) Revealing industrial costs estimates vs competition for contracts

5) Intellectual property rights for industrial processes 

6) Design drawings, CAD packages, etc.

7) Build to performance specification vs build to print?

8) Infrastructure Issues 

9) Industrial studies.
Again we heard 3 very interesting talks by representative from Industry that provoked a lot of discussion.  Some particular points that were made by Tony Favale were that from an industrial point of view  “ ILC is a Project, not a business”. This is true because there is no obvious follow-on business in SCRF cavities at the scale of the ILC.  This conclusion has significant impacts on what industry would be willing to do in creating the required infrastructure in advance of and ILC project. Micheal Peininger made the point that Big business in Europe and the US will not necessarily be interested in the ILC as a project.  He pointed out that Big industry typically has a Business Plan and stock holder demand a plan for 5-7 years in the future. Uncertain, one-time projects do not fit well in these sorts of plans. This is probably not true for Big business in Japan nor is it true for A&E firms who might do the civil work. (for them, civil work on big projects is a business). As a result, it was suggested that ILC may have to depend on small and medium scale industry. This will have implications on cost & schedule 
We discussed infrastructure issues in some detail. As stated above, for industry to invest in the large infrastructure required for ILC there would have to be a follow-on business or market ( that the ILC project should plan on paying for all the required infrastructure wherever it is built. We were told that it is unlikely that industry would invest in cryomodule infrastructure before the project receives final approval ( it may take 1.5-2 years to build this up before production can begin. These issues need to be included in the ILC cost and schedule estimates. We discussed possible ideas for getting around these problems. One suggestion is that a region might be able to buy the infrastructure beforehand and then industry could bid to use it. 
We also discussed issues related to Intellectual Property rights. The general conclusion seemed to be that this was not to be a significant issue for industry. There are several arguments as to why this might be so. First it is not clear that there will be all that many marketable ideas in ILC. Second, they are used to dealing with these issues. The solution is to license this technology.  Similarly, transregional information exchange is not an issue.
Next we discussed  the issue of open industrial costs estimates. This also seems not to be a
problem for industry and is common in US project cost estimates where it does not seem to cause difficulities.  The group recommends that TESLA reevaluate its position on releasing industrial cost estimates for use in the ILC cost estimate.
We also discussed standardization issues.  Industry is used to making products for other regions and told us that they could deal with whatever engineering standards the ILC project established.  However, the strongly suggested that ILC adopt such standards early in the project. 
Several speakers advocated industrial studies. The arguments are that it is important to understand industrial costs and to examine potential cost reductions.  Such studies will cost money. Thus the ILC management will need to think carefully about what studies are needed and when.  Its clear that such studies should focus on the cost drivers and items for which there is significant technical risk to the project.  It is these places where information is required to make sensible initial cost estimates. The GDE should establish an official  point-of-contact for industrial studies in all three regions.
We next discussed risks and how they relate to industrial cost estimates. The message from industry is that we should let them make their mind on risks.  Although the ILC management will push for improved performance at lower prices, perceived risks in industry will influence the actual cost of contracts.  Cavity Gradient was singled out.  ILC should be careful not to set this too high.
Ozaki-san discussed the concept of In Kind Contributions.  In this model various regions would provide large components or sub systems as their contributions to ILC.  He suggested we follow the ITER system where components categorized as “Key” or “conventional” and both Key and conventional components are allocated fairly across the 3 regions.  It was assumed for ITER that the host country would assume the entire cost of infrastructure & civil engineering.

We discussed the cost methodology of ITER.  For the cost estimate, ITER uses estimates from all the regions to estimate the “value” of a system or component.  This includes material and Services and estimated labor in MY. Costs are those for which there is a 50/50 chance the system can be obtained for that cost. (ie no contingency or escalation included.)  Each region can then interpret these core costs for its regional funding agency in the manner to which they are accustomed.  The ILC then compute the “equivalent value” all in kind contributions in arbitrary units. (ITER uses 1986 US dollars)  
Ozaki-san also discussed cost reduction in industry. He cautioned that the number of components for ILC is small vs industrial scales and that ILC should be careful about assumed cost reductions vs quantity.  This is especially true if production is shared among several regions and/or several companies. He suggested that cost reductions might be achieved via joint facilities shared by the regions.
Recommendations:

1) Select a committee to recommend an Electronic Data Management System for ILC.  Implement this system ASAP.

2) Select a committee to recommend Cost and Schedule system for ILC. Implement this system ASAP.

3) Form a new working group (distinct from GG5 whose focus is cost & schedule) and charge is this group with establishing engineering standards for the ILC project. 
4) Choose common engineering tools e.g. CAD system
Collect requirements for ILC Standard CAD systems

Use 3-D CAD modeling for all drawings including Civil
Establish drawing standards (including units and language)

Survey existing CAD software, including interoperability across regions

Recommend a standard ILC CAD system to GDE

5) Create a glossary of ILC terms & definitions and post it on the web.  This could expand with time to become the WBS dictionary.
6) GG5 should create a WBS dictionary for the ILC project.  Level 1,2,3 managers should be appointed by the GDE such that every major line in the WBS has a person associated with it who is responsible for the cost and schedule estimates for those tasks.

7) GG5 should continue to investigate the ITER Model for cost estimates. ILC should consider adopting it.  If so, the GDE must recommend and the ILC project must agree on the ILC unit of measuring cost.  

8) It was not obvious why industrial cost estimates cannot be used in an open ILC cost estimate.  We recommend all regions consider releasing these cost estimates for use by ILC.

9) As the RDR develops the ILC project should fund industrial cost studies to validate the industrial cost estimates in the project. 

� ILC – Global Design Effort. The Directors Corner: July 20, 2005.


http://www.interactions.org/linearcollider/gde/bbdc20050720.html


� TESLA Technical Design Report (TDR) Part II The Accelerator Chapter 10


http://tesla.desy.de/new_pages/TDR_CD/PartII/chapter10/chapter10.pdf


� CERN Director-General Shares Advice about International Projects and Costing


http://www.linearcollider.org/cms/?pid=1000062





