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Short Description

By William Greco The development of a Bio-processing facility or Pharmaceutical suite is a complicated engineering proje...
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Introduction (Executive Summary) (Abstract) The development of a Bio-processing facility or Pharmaceutical suite is a complicated engineering project involving the participation of people at many levels of a company and associated consulting firms. Top management, marketing, financial analysts, scientists, manufacturing managers, QA, validation, purchasng, design engineers, maintenance personnel, construction managers and vendors must be engaged in the project. All these people are involved with the underlying principles of project management, planning, organization, execution, monitoring and controlling. Planning and execution of a project, with particular emphasis on the planning will be introduced. Many aspects of the development of such facilities, such as Pharmaceutical and Bio projects will also be discused here. Overall Major Planning The most significant issues in the introduction of new products are 1. Can the product be profitable 2. Can the product beat the competition to market 3. Can the product be scaled up from laboratory to full scale manufacturing batches 4. Build a new facility or modify an existing facility Cost Estimate Steps 1. A rough estimate is made, by using historic data 2. The project is evaluated against the historic data and time to market evaluated 3. A more detailed cost estimate and rough schedule is furnished 4. A comprehensive concept scope package including preliminary drawings, and bare bones specifications and operating costs are produced 5. If steps 1 through 4 are each found to be favorable a Basis Of Design (BOD) package is approved 6. If no major obstacles are encountered during the BOD phase, detailed design of the new facility is authorized.
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Project Modes Initial Preliminary (IP) Stage Rough Estimate Analysis of a suitable site Manufacturing and Process department input to introduce overall engineering criteria Examination of the required Utilities (steam, electricity, chilled water, distilled water ect.) Loosely defined Schedule Concept Scope (CS) Stage Flow Diagrams showing the Process Development of an Equipment List Overall Block diagrams of the facility layout Financial Survey Solidification of the budget and schedule Basis Of Design (BOD) Stage (P&ID) Process and Instrumentation Diagram Development Equipment selection specifications and Process Equipment layout Architectural Layout and Plans Airflow diagrams, HVAC plans, HVAC utility and structural requirements Electrical requirements and single line diagrams Specification development for all diciplines Specific finalized cost estimate List of all controlling instrumentation Detail Design and Engineering (DDE) Stage Finalized Construction Drawings for all diciplines Finalized Construction Specifications for all diciplines Vendor Submittal approvals Contracts and Bid Documents (Legal Binding Documents) Fabrication, Assembly and Construction (FAC) Stage Verification, Authenication and Validation (VAV) Stage Valadation Document Compilation Installation Qualification, Operational Qualification (IQOQ)
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Communication Protocols Communication between the Owners Authorized Representatives (Project Managers or Project Engineers), Consulting Firms, Building Contractors, Equipment Vendors using the American Institute of Architects (AIA) conventions which have been traditionally used in the construction industry are applied.



Plausible Economics at the Concept Scope (CS) Stage The decision to proceed with the Concept Scope (CS) Stage of the project is based on preliminary information at which time the cost estimate will have an accuracy of 70% to 140% of the actual final cost. If the return on investment or proposed available funding for the project is still feasible and within limits the go ahead for CS staging will be in order. If the ROI tends to be unacceptable, the project scope will have to be re-evaluated. As the project proceeds into the Concept Scope the cost estimate will begin to tighten up. Alternative scopes should be reviewed during the IP stage. Soft costs (design and engineering) will usually run between 7% and 10% of the total budget. The total cost of engineering at each stage will look like this: Initial Preliminary (IP) Stage….0.2% to 0.5% of the total budget Concept Scope (CS) Stage….0.5% to 1.0% of the total budget Basis Of Design (BOD) Stage….1.0% to 1.5% of the total budget Detail Design and Engineering (DDE) Stage….2.0% to 3.0% of the total budget Fabrication, Assembly and Construction (FAC) Stage….1.5% to 2.0% of the total budget Verification, Authenication and Validation (VAV) Stage…….1.5% to 2.5% of the total budget Enough detail should be included by the end of the CS stage to achieve a reasonable cost estimate accuracy of 80% to 125% of the actual final cost, also most of the revisions to the layout should be addressed by this stage.



Fast Track versus Conventional Schedule Pharmaceutical and Biological products require that a company be the first to market a specific classification of drugs. Once a consumer has been started on a specific medicine, chances are that they will remain on that particular treatment. Due to the highly competitive nature of the Pharmaceutical Industry, projects tend to be fast tracked. Many disadvantages are associated with fast tracking a facility. The diference between a fast track and conventional schedule are shown on page 4, Figure 1.
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The conventional schedule produces a contiguous stream of events at each stage, the fast track schedule calls for stages to overlap one another.One danger of fast tracking a project is that instead of design and build you end up building and then designing.
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Using a Conventional Schedule: 1. Detail design and engineering (DDE) is completed prior to the start of construction 2. The conventional schedule allows a blanket contract to be published and awarded prior to construction startup. 3. The cost estimate, is allowed to be tightened up 4. Time is allowed for firm bids and reliable information from vendors to be received 5. Last minute changes from process development or manufacturing can be incorporated



Using a Fast Track Schedule: 1. The project proceeds at a much faster pace and can be completed rapidly 2. A construction management firm must be employed instead of a general contractor to direct construction activities 3. Multiple contract packages are individually awarded piecemeal at different times during construction 4. Often it is necessary to award time and material agreements and not use a fixed price 5. Construction trade scheduling overlaps during some activities Important Aspects Regarding Pharmaceutical Facility Design 1. CGMP’s Current Good Manufacturing Practices must be followed, movement of manufacturing personell, ingrediants and airflow direction are all important. 2. Sanitary requirements must be adhered to. 3. During design and engineering CGMP audits should be performed.
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Important Aspects Regarding Pharmaceutical Facility Design (Continued) 4. The Verification, Authenication and Validation (VAV) Stage should be anticipated during design. Specific Design Issues Peculiar to Pharmaceutical Facility Design HVAC Airflow Direction Room and or Process Parts Per Million Classifications (100/1000/10,000/100,000), requiring High Effeciancy Particulate Air Filters (HEPA) (See Scribd.com “HVAC Filtration” By William A. Greco 2007 “Particle and Fiber Mechanics Related To HEPA Filtration” Dehumification (many processes require low relative humidity areas) Excellent Temperature Control (most areas require that workers be gowned requiring temperatures in production areas to be controlled to 66 to 68 degrees F.) Utilities Double distilled water may be required also known as water for injection or WFI Clean Steam may be required (WFI water can be run through a double walled heat exchanger to produce what is termed “Clean Steam” A Nuetralization pit or tank may be required to reduce efluent effects on the local environment High Purity Gas may be required, gases; such as Nitrogen, Oxygen, Argon, Hydrogen, Helium, Carbon Dioxide, Nitrous Oxide, and specialty gas mixtures; such as Air, Methane / Argon, Carbon Dioxide / Nitrogen, are commercially available in a range of purity grades. The proper grade for a given application depends on many factors, and is often established by regulatory agencies, such as USP/NF, EP, NFPA, or by OEM specifications. Cleaning-In-Place (CIP) and Sterilization-In-Place (SIP) may be required. These are systems designed for automatic cleaning and disinfecting without disassembly and re-assembly work.
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Specific Design Issues Peculiar to Pharmaceutical Facility Design (Continued) Documentation The FDA Monitors the extreme accuracy of Process and Instrumentation Diagrams, Airflow diagrams, Ductwork Plans, and Air Balance reports. Inspectors closely scrutenize all major documents pertaining to production areas during FDA audits. Drawings produced during the Detailed Design and Engineering (DDE) stage must be updated constantly and preserved with each modification being recorded. Process and Manufacturing Can production equipment be cleaned, operated, and maintained efficiently by plant personell ? What are the consequences of production emergencies and or shut downs, can containment be maintained ? Architectural NIH Control of Bio Hazard or Potent Compound Material Conformance with CGMP requirements Worker Safety Local Code Compliance Quality Affermation



The Project Team After the project has been identified and approved a project team must be assembled. The team structure will be modified as the project progresses from stage to stage. The composition of the team will depend on the size and complexity of the project. A team leader or “lead” must be chosen, it will be the lead’s job to produce an overall plan and assemble a group of personell to handle the various stages of the project. One of the lead’s first duties is to establish an organizational chart and convey the chart’s information to the entire team.
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The Project Team (continued) The team must include at least a few individuals from the owner’s direct staff. The following employee’s from the Pharmaceutical company’s staff or an A&E (Architectural Engineering) firm are considered to be a minimum composition for large project’s: Lead Architect Project Engineer Process Development Representative Manufacturing Representative Purchasing Representative Estimator Cost Control Representative Instrumentation Expert HVAC Engineer Electrical Engineer Maintenance Representative Civil Engineer Verification, Authenication and Validation Representative It may be necessary for the owner to call upon an A&E (Architectural Engineering) firm to assemble the entire above mentioned assortment of experts. In the Pharmaceutical Industry Merck & Co. is one of the only companies that has the proper organization able to field such an experienced group internally. Most Pharmaceutical companies are deficient in internal engineering procedure, support and design quality. The lead must determine the availability of internal assest’s and decide if and how much outside help in the form of consulting firms will be required. Architectural Engineering Firm Selection and Involvement A mistake often made when selecting an A&E firm is to choose a firm based solely on the fee or past experience. Size counts when picking an A&E firm. Small A&E firms should be avoided. Normally the larger A&E contract firms are more knowledgeable and have the resources to complete a project even if one or more of the staff becomes unavailable during the project’s time line. Larger A&E contract firms are less likely to go out of business before the project is completed.
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Architectural Engineering Firm Selection and Involvement (continued) All A&E contract consulting firms have one thing in common, they are either big E little A or big A little E. Big E little A means that the firm concentrates on the engineering aspects and engineering drives the project. Big A little E means Architectural issues are placed ahead of engineering concerns. A Pharmaceutical engineering project requires the services of a Big E Little A type of A&E contract consulting firm. Care should be exercised when looking for a good A&E contract consulting firm. Many A&E contract consulting firms do not have specific Pharmaceutical engineering project experience. As an example, a specialty firm that designs something as simple as swimming pools may try to branch out into real engineering work, and is to be disregarded. The owners responsibility at the very beginning should be to prepare the Initial Preliminary (IP) Stage including a rough cost estimate and analysis of a suitable site. Manufacturing and Process department input needs to be exploered to introduce overall engineering criteria and examination of the required Utilities (steam, electricity, chilled water, distilled water. Lastly the owner should loosely define a schedule of activities and project goals. Depending on the owner’s capabilities, the concept scope (CS) stage can either be handled internally or by the A&E contract consulting firm. By handling as much of the project as posible internally, major design change costs can be held to a minimum. Every change made during the design and engineering portions of the project will be very expensive if an A&E contract consulting firm is required to deal with modifications. Many times the product is still in development when the decision to build the associated manufacturing facility is started. If the process has not been fully developed many design changes to the facility will occur. The owner’s personell must review the work of the A&E contract consulting firm, the dates for review should be negotiated prior to contract approval. Weekly project coordination meetings are essential, the lead or project engineer is responsible for scheduling of these meetings. During the Comprehensive Scope stage and Basis of Design stage, the lead should monitor the integrated team functions along an incremental time line. Monitoring team functions, will give the team leader a chance to remove minor roadblocks on the highway of productivity. Any adversarial relationships that develop between diciplines or internal and contracted personell must be dealt with.
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Initiating the Project (Initial Preliminary Stage) IP The owner’s management defines the project in general preliminary terms. The project lead gathers his team and assigns individuals to gather existing information. The existing information will be in the form of site core borings, existing drawings of all diciplines, utility information, and a list of required specifications. A proposed budget will be prepared. A description of the manufacturing process and corresponding manufacturing or process equipment must be produced. Any information regarding future expansion plans must be included at this stage. The company safety department is informed of the project and asked for their input. Special local authority codes and any company insurance issues must be reviewed. Production and Ancillary room data sheets will be prepared. The room data sheets must include: A rough plan view sketch Room Name Room Number or designation Room Function Room Area in Square Feet Room Ceiling Height and Volume in Cubic Feet Room Classification (100/1000/10,000/100,000 ppm) Room Temperature and Humidity Requirements Room Utility Requirements The room data sheets are then sent to all the various diciplines. A preliminary schedue is generated during this part of the project. Simple block area architectural plans are composed. The lead determines, fashions and communicates an organizational chart to his team at the project kick off meeting. At this point the development of the manufacturing process is critical. The possibility exists that a process or manufacturing procedure cannot be scaled up from preliminary laboratory or pilot plant results. The danger always exists that a company will get heavily involved with a fast track design and construction of a facility, only to find that something was wrong with the process. Detailed Process Flow Diagrams (PFD’s) are essential. The PFD’s will include batch or continuous process information, the type of material’s used, manufacturing equipment, capacities of ingrediants, requirements for temperature, streile conditions and overall utilities needed.
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Firming Up the Design (The Concept Scope Stage) CS After the basic room layout’s have been designed, a well defined architectural plan is produced. The plan is passed to all the various diciplines, who have the responsibility to add their respective information to the basic architectural plan and to comment back to the architect any concerns or requirements that have been ignored by the intent of the architectural drawings. More than one scheme generally exists at this stage. It is important to select the scheme that satisfies the most vital process requirements. Any major changes to the layout must be made at this stage. Too many differing schemes will cause confusion, dicipline confrontation, project delay, and budget overuns. The final scheme selection is ultimately up to the project lead. The cost estimate analysis at the tail end of the CS stage will be 80% to 125% of the actual facility completion expense and includes: Cost of the basic structure, land acquisition, or modifications to an existing facility Cost of manufacturing or process equipment Cost of Engineering and Design Cost of Construction manpower MEP (Building Mechanical, Electrical, Piping) Costs Adiministration Costs Validation expenses Operating costs are worked out separately from the Facility Building costs and are reported back to company upper management who may decide that operating costs will be too high and may decide to cancel the project or propose alternatives at this point. Alternatives such as building the facility closer to material sources or transportation Depots may be incorporated. Other options such as staged design of the facility or subcontracting parts of the most expensive portions of the manufacturing process to other companies or company owned facilities may be suggested and decided upon. Some other decisions such as continuous proceses versus batch process may be incorporated into the design, or the use of mobile portable equipment versus fixed equipment may be proposed. Uninterupted versus batch manufacturing is less expensive but increases the danger of corrupting or polluting the ingrediants.



Pharmaceutical Project Planning By William A. Greco [email protected] Warrington, Pa. May 2009



Pg 12 Of 14 Scribd Trident3



Project Specific Conditions (The Basis Of Design Stage) BOD The BOD stage builds on the concept scope and nails down architectural, civil, structural, piping, utility, electrical, HVAC, and process plans. At end of this stage the BOD package, complete with drawings and specifications, will be almost to the point where the package could be used to build the facility. At the end of the BOD stage: P&ID’s (Process and Instrumentation Drawings) should be about within an accuracy of 90%. HVAC equipment and control points lists should be complete. Fine detail such as Ductwork plans and elevations will be missing. Mechanical performance schedules will be 90% complete as will airflow diagrams. Mechanical will have passed on information regarding electrical requirements, weights of equipment, and utility requirements to other diciplines. All structural calculations will be complete and main structural members will be shown on drawings. Electrical will have completed a listing of motors, lighting and identification of emergency systems. Plans indicating electrical equipment and single line diagrams will be 80% complete. All site work drawings should be complete. Utility plans and descriptions will be within a 95% confidence level. Manufacturing or process equipment lists should be well defined at this point. The project schedule should be well defined at the end of the BOD stage at least within plus or minus 10% of the actual finish date of construction.. Procurement and delivery dates for equipment should be well defined and equipment with long lead times ordered. The cost estimate at the end of the BOD stage should be established to an accuracy of 90% to 115% of the actual finished project. Vendor certified drawings of most of the equipment should be in hand at the end of the BOD stage. The project budget at this point is segmented into the various purchasing accounts. It is important that all diciplines coordinate their efforts and achieve timed goals simultaneously during the BOD. Any delay by one dicipline can have nasty effects on the other diciplines. For example, if the HVAC group cannot give definitive information of motor sizes to the electrical department because the architectural group can’t finish plans due to the structural group not deciding on where their columns are to be placed. If a schedule is too aggressive, it’s up to engineering to push back and get a more reasonable timetable and deadline.
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The Finsihing Touch (Detailed Design and Engineering Stage) DDE This represents the most difficult part of the design portion of the project. Most of the major decisions have been made at the start of detailed design and engineering, however this is the stage where everything must be completely worked out and be as close to perfection as possible. During the BOD stage a lot of detail that is required during construction has not been addressed. Exact dimensional detail must be added during this stage of design. General BOD plans must be converted into finished drawings that will actually show how things really fit together. Many times BOD drawings and specifications show things that are either unavailable or just don’t fit. As examples; The structural part of the BOD may include details of footings showing the depth and foot print but not show the steel required. Possibly the HVAC drawings may show duct routing but not the interferences caused by steel, piping or electrical fixtures. The electrical drawings may be complete in the BOD, but the short circuit breaker coordination will have to be handled during Detail Design and Engineering. Possibly some of the equipment such as air compressors, pumps and eye wash stations may be missing at the end of the BOD stage. The DDE stage is the most expensive of all the design and engineering or “soft cost” part of the project. The DDE stage requires that very little guess work or decisions be left to field construction. The drawings must indicate such accuracy that all construction bids will ultimately come within about 10% of one another, and very few questions will be required during the bid process or during field construction. At the end of the DDE stage the schedule will have an accuracy of plus or minus 5%. The cost estimate at the end of the Detailed Design and Engineering stage should have an accuracy of 95% to 105% of the actual finished project. Build It



(Fabrication, Assembly and Construction Stage) FAC



Once the soft costs (design) have been absorbed and the project drawings and specifications have been through the bidding process Fabrication, Assembly and Construction begin. The FAC stage usually eats up 80% of the total project budget. Projects are usually constructed step by step with each step carefully planned as to produce an orderly succession of trade utilization. The orderly orderly succession of construction events prevents trades and equipment from creating barriers and interferences with one another.
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Build It (Fabrication, Assembly and Construction Stage) FAC (continued) During the initial stages of project planning the following items must be considered: Space for stagging of materials and equipment Does the equipment need to be stored prior to placement Where to locate construction trailers Utilities such as electricity used during and for construction How is equipment to be transported and or lifted into place Where do contractors park and can they use existing plant facilities such as toilets and cafeteria’s during the construction cycle Will it be required to use union workers or an non-union workers Who will perform safety audits GMP Compliance Verification, Authenication and Validation (VAV) Stage Characterization of materials and processes used in the development and manufacture of biopharmaceuticals and in the evaluation of the safety of products are critical considerations to the biotechnology and pharmaceutical industries. Following FDA's "Points-To-Consider" guidelines, Pharmaceutical manufacturers can implement testing programs for production and purification of biological products. GMP documentation is an FDA regulatory issue that will expend 8% to 10% of the total project budget. Written and graphic material, must be prepared and organized to provide proper documentation for Installation Qualification and Operational Qualification. Bill Greco 2404 Greensward N. Warrington, Pa. References: The Architects Handbook of Professional Practice 11th edition Construction Planning, Equipment and Methods McGraw –Hill
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