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building technology clean rooms continuous supply 2 
- air ventilation system 91, 92 - air flow 177 control systems 
- central duct development 81, 83,85, 86 - building materials of 178 - central building cor 
- electrical installation 88, 89 - cabinets, flammable liquids 294-296,295 - - air volumes l3( 

- energy-optimized duct system 92, 93 - categories 177 - - central control 
- field of research 82, 83, 84 - ceilings 179 - - GMP and GLP 
- flexibility 83, 84, 85 - contamination 177 - - nodal points 12 
- parameters 81 - definition 177 - - operating modes 
- plumbing services 86, 87, 88 - fixtures and fittings 179 - 180 - - single room conti 
- single duct development 81, 82,85 - flooring 179 - fume cupboards 
- ventilation 89, 90 - in laboratories 176 - - actual user behav 
- zoning laboratory landscape 90, 91 - louvered strip waffle ceiling 178 - - air reduction 4: 
bypass fume cupboard 415 - low pressure 176 - - control electronic 

- metal-free 176-177 - - display/operating 
c - particle concentration 176 - - draw-wire sensor 
carbon nanotubes 355 - requirements 175 - - operating costs 
CBS. See central building supply (CBS) - wall materials 178 -179 - - throttling device! 
Center for Free-Electron Laser Science (CFEL) coccoid bacteria 248 - - YAY 421, 422 
- architects 47,48 collection trays 289 - 290 - laboratory 235 - 2 
- atrium 49 combustible liquids cooled storage 292­
- building view 50 - disposal of 213, 215 cooling water 305" 
- communication 48, 49 - supply system for 211 copper pipe 322 
- laser measuring 47, 48, communication corporate architectun 
- principal 47 - definition 55-56 - excellence 37,40­
- top floor plan 50 - historical development 56, 57 - image 37, 38, 39 
central building control system - laboratory building - innovation 37, 39 
- air volumes 130 - - knowledge and innovation 60 corrosive gases, bottl! 
- central control 129 - - space for 61 cyclic supply 212 
- GMP and GLP 130-131 - - work safety 61 cytotoxic cabinet 27 
- nodal points 129 - modern age development 57, 58, 59 
- operating modes 130 computational fluid dynamics (CFD) 371, d 
- single room control 129 372 data 
central building supply (CBS) 323 - ceiling sail/textile diffuser 104, 105, 106 - conditions 540-5 
ceramic disc cartridges 303, 304 - FEM and FYM 103 - content and classifi 
certification systems, sustainability 341-342, - flow simulation in buildings 103 - data privacy and se, 

345 - Fritz-Haber-Institute in Berlin 108, 109, - data systems 536 
- benchmarking 346-347 114, 115 - emergency plan 5 
- consumables 349 - Navier- Stokes-equation 102-103 - function 541 
- cooling concept 347-348 - semi-cylindrical textile diffusers 104, 106 - LlMS 
- DGNB system 343-345 - supply-air systems 104, 105, 106, 108 109 - - definition 537 
- LEED 342 - 343 - swirl diffuser 104 - - fundamental asp' 
- measuring and control 347 - ventilation optimization - - selection and pre 
- planning, design and simulations 345-346 - - advantages 108 - risk assessment 5 
- ventilation concept 347 - 348 - - extensive air diffuser 105, 107, 111, 112 - safety management 
- working conditions 348-349 - - lab room model 105, 110 - suitable suppliers 
CFD. See computational fluid dynamics (CFD) - - tracer gas source 108, 113 - system documental 
CFEL. See Center for Free-Electron Laser Congres lnternationaux d'Architecture DBC. See demand-ba 

Science (CFEL) (ClAM) 57,58 deconstructing phase 
clean benches 255 construction law 64 demand-based contrc 
- design principles 259-261 construction phase 504 - ACH rate 353 
- functional principles 259, 260,261 consumables - Arizona State Univ 
- MSCs (see microbiological safety cabinets - semi-automatic consignment automat 148 Institute 357 

(MSCs)) - sustainability certification systems 349 - beam use 355-3~ 

- purchase priority 260-261 containment factor 365 - capital cost reducti 



continuous supply 212, 213 - carbon nanotubes 355 
control systems - Masdar Institute of Science and Technology 

of 178 - central building control system 358, 359 
e liquids 294-296,295 - - air volumes 130 - MIST energy savings analysis 359-361, 

- - central control 129 360 
- - GMP and GLP 130-131 - multiplexed sensing 354 

7 - - nodal points 129 - real-time sensing of contaminants 357 
- - operating modes 130 - reducing fume cupboard flows 351-352 

179-180 - - single room control 129 - sensing approach 354-355 
- fume cupboards - sensor suite 354 

6 - - actual user behavior 422 - thermal load flow drivers 352-353 
e ceiling 178 - - air reduction 423 demand-based energy certificates 381-382, 

- - control electronics 423 383 
77 - - display/operating unit 422 design phase 503 - 504 
'on 176 - - draw-wire sensor 422 determination of requirements 

- - operating costs 422 - area consumption 
-179 - - throttling devices 422 - - biomolecular laboratory 17 

- - VAV 421, 422 - - flexible laboratory space 20 
-290 - laboratory 235 - 238 - - laboratory workplaces 16-17 

cooled storage 292 - 293, 294 - - space requirements 14, 19, 18 
15 cooling water 305, 306 - - storage space for equipment 18 
211 copper pipe 322 - central area specifications 13, 14 

corporate architecture - definition 13 
- excellence 37,40-41 - GFA 13 
- image 37,38, 39 - laboratory space 15, 16 
- innovation 37,39-40 - load-bearing grid 15 

ovation 60 corrosive gases, bottle gas station 332 - quasi-arbitrary determination 14 
cyclic supply 212 - types of areas 13, 14 
cytotoxic cabinet 270 diaphragm headwork 303 

59 disinfectants 244 
371, d - effectiveness 245 

data - temperature 244 
106 - conditions 540-541 disposal system 211 

- content and classification 540 - combustible liquids 213, 215 
- data privacy and security 542 - 543 - and storage 216 

109, - data systems 536 - in under-bench unit 216 
- emergency plan 547 diversity factor 366 

ation 102-103 - function 541 dosing task 298, 302 
tile diffusers 104, 106 - LIMS 
104, 105, 106, 108 109 - - definition 537 e 

- - fundamental aspects 537 electrical installations 
- - selection and procurement 537-540 - central building control system (see central 
- risk assessment 543 building control system) 

er 105,107, 111, 112 - safety management 544-546 - data networks 
105, 110 - suitable suppliers 541- 542 - - access control 128 
108, 113 - system documentation 546-547 - - data systems technology 127 -128 

x d'Architecture DBC. See demand-based control (DBC) - - fire alarm system 128 
deconstructing phase 507 - - telephone system 128 
demand-based control (DBC) 351, 353 '- ­ user-dependent systems 128 
- ACH rate 353 - lightings 
- Arizona State University's Biodesign - - emergency 127 

ignment automat 148 Institute 357 - - illuminance level 126 
cation systems 349 - beam use 355 - 356 - - lighting control 126 
365 - capital cost reduction impacts 361-362 - - regulation 126-127 
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electrical installations (contd.) - construction phase 504 - - interior fittings 
- - surface-mounted luminaries 126 - deconstructing phase 507 - - marking and ope 
- - suspension luminaries 126 - design phase 503-504 284-285 
- power supply (see power supply) - evaluation 503 - - objectives for sto 
electricity consumption 384, 387 - laboratory building, life cycle of - - pipe penetration 
electronic level indicators 214 - - communication 501 - - pull-out trays 2 
emergency shower 336, 337 - - flow-sheet concept phase 502 - - ventilation 281 
- combinations 334, 339 - - tasks of 501 FM. See facility manal 
- complementary products 335 - process optimization 500 Fritz-Haber-Institute 
- funnel for monthly check 338 - project preparation 503 114, 115 
- hygiene 335 - revitalization phase 505 - 507 fume cupboards 
- location 334, 337 - rough building concept 502 - aerodynamic refleo 
- special fittings 333 - self-understanding and background 499 - American Standard 
- testing and maintenance 335 - use phase 504-505 - - air velocity measl 
emergency shutdown 120 Federal Immission Control Act 171 - - flow visualizatior 
energy consumption Federal Republic of Germany 441 - - test gas 425 
- aspects of 364 finite element method (FEM) 103 - - VAV systems 4: 
- average air exchange rate 393 finite volume method (FVM) 103 - Australian/New Ze 
- characteristic value fire alarm systems 68 - 69, 128 - bench fume cupbm 
- - electricity 384 fire dampers 69 - bulky structures ; 
- - energy consumption index 384 fire precautions - by-pass 225,415 
- - heat 384 - laboratory buildings - central duct with c( 
- exhaust system (see exhaust system) - - classic laboratory 70, 71 - central unit AC 2: 
- reference values 386-387,389 - - existing buildings 74 - changes to 433-4 
- values for 387 - - open architecture 72, 73 - and components 
- and ventilation system (see ventilation) - - rooms 73 - constant extract air 
energy demand 112,363,364,378,381-382 - - units 71, 72 - containment factor 
energy-efficient systems - - wall thicknesses 69 - diversity factor 3/ 

- adiabatic cooling system 370 - 371, 372 - preventive fire protection (see preventive fire - entrance velocity 
- energy recovery 369 protection) - European Standard 
- extract systems 371,372,373, 374 fire protection - flow-related measu 
- fans 110, 111 - preventive fire protection (see preventive fire - flows, DBC 351­
- heat recovery 111, 112 protection) - French experiment 
- humidity treatment 113 - safety cabinets - function display ; 
- plate heat exchangers 370 - - flammable liquids 275-276 - Germany, standard 
- rotary wheel heat exchangers 369 - - pressurized gas cylinders 285 - 287, 286 - glass cross slides 
- twin coil heat exchangers 370, 371 - and ventilation 323 - horizontal air roll 
Energy Performance of Buildings Directive Fire Protection Act 183 - laboratory, examin: 

(EPBD) 401, 403-404 fire resistance, safety cabinets - - commissioning t 
execution quality 43 - flammable liquids 275-276 - - periodic inspecti 
exhaust system - pressurized gas cylinders 285 - 287, 286 - lower interior heigl 
- CFD study 371, 372 flammable liquids - maximum sash Opl 
- characteristic values 386 - filling/open handling 98 - monitoring 464 
- stack height, influence of 373 - safety cabinets for 274 - motion sensor 22 
- wind tunnel analysis 373 - - active storage 292, 293 - on-site testing 43 
experimental chamber (ECh) 255 - - bottom tray 280-281 - operating unit 22 
- air quality 257 - 258 - - clean room cabinets 294-296,295 - radio-nuclide 23( 
- LAFs 256 - - cooled storage 292 - 293, 294 - safety and ergonon 
eyewash 333, 334, 338 - - definition 274-275 - safety criterion 4 

- - door technology 276 - 278, 277 - sash controller 2: 
f - - earthing to equipotential bonding - sensor system 22 
facility management (FM) 283-284 - simultaneity 234 
- benefits 507 - - fire protection 275-276 - special application 
- concept finding 502 - - fire resistance 275-276 - special constructio 
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504 - - interior fittings 278 - 280 - - auxiliary air 420 

se 507 - - marking and operating instructions - - control systems 421-423 

504 284-285 - - hand over fume cupboards 418-419 
- - objectives for storage 274-275 - - individual constructions 420
 

life cycle of - - pipe penetration 276, - - pharmacy 419
 

501 - - pull-out trays 279,280 - - radioactive substances 419
 
t phase 502 - - ventilation 281- 283 - - safety benches, air recirculation
 

FM. See facility management (FM) 419-420 

n 500 Fritz-Haber-Institute in Berlin 108, 109, - - window closing system 423-424 

503 114, 115 - standard 417 

505-507 fume cupboards - supportive air 416 

ept 502	 - aerodynamic reflectors 227 - and sustainability 230 

and background 499 - American Standard - table fume cupboards 417 

5 - - air velocity measurements 425 - thermal loads 418 

ntrol Act 171 - - flow visualization 424 - type test 
rmany 441 - - test gas 425 - - containment 429-430
 

(FEM) 103 - - VAV systems 425 - - properties of 430
 

(FVM) 103 - Australian/New Zealand Standard 427 - types and requirements 232
 

-69,128	 - bench fume cupboards 417 - user behavior 435 - 436
 
- bulky structures 230 - variable air volume 235
 
- by-pass 225,415 - ventilation system 434-435
 
- central duct with control elements 228 - walk-in 418
 

70, 71 - central unit AC 229 fungi 248 - 249
 

74 - changes to 433 - 434
 
72,73 - and components 233 9
 

- constant extract air volume 235 Genetic Engineering Act (GenTG) 182, 183 

- containment factor 365 Genetic Engineering Safety Ordinance 

69 - diversity factor 366 (GenTSV) 183 

ction (see preventive fire	 - entrance velocity 365 - 366 genetically modified organisms (GMO) 183 

- European Standard 413, 425-426 German Accident Insurance and Prevention 

- flow-related measures 227-228 Institution for Raw Materials and the 

ction (see preventive fire - flows, DBC 351-352 Chemical Industry (BG RCI) 443, 447,448 

- French experimental standard 427 German Basic Law 441 

- function display 226 2009 German Energy Saving Ordinance 

275-276 - Germany, standard 427 (EnEV) 

linders 285-287,286 - glass cross slides 225 - consumption-based energy certificates 

3 - horizontal air roll 414,415 394-396 

183 - laboratory, examination in 430 - - energy consumption characteristics 382 

abinets - - commissioning testing 431 - - energy consumption index 384 

275-276 - - periodic inspection and testing 431-432 - - reference values 382, 384 

ders 285-287,286 - lower interior height 417 - demand-based energy certificates 383
 

- maximum sash opening 226 - - planning process 381
 

g 98
 - monitoring 464 - - usage profiles 382 

274 - motion sensor 226 - energy consumption values 387 

92, 293 - on-site testing 430 - homogeneous characteristics 391-392 

-281 - operating unit 227 - laboratory buildings 

- radio-nuclide 230 - - recirculation systems 386 

292-293,294 - safety and ergonomic aspects 228-229 - - reference values 386- 387 

275 - safety criterion 427 -429 , - - special energy characteristics 385-386 

276- 278,277 - sash controller 226 - reference quantities 387 - 390 

ets 294-2%,295 

- sensor system 228 - task force 379-380 

- simultaneity 234 German Federal Ministry for Transportation, 

275-276 - special application 230 Construction, and Regional Development 

otential bonding 

75-276	 - special constructions (BMVBS) 382, 384, 388 
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German Quality Certificate for Sustainable - functionality and fl 
Construction (DGNB) 343-345,405 Jab ventilation. See ventilation - sustainability requi 

German Social Accident Insurance (DGUY) laboratory buildings 402-403 - trends 201- 202 
439,441,443,447 - air exchange rate 389, 390 laboratory control sy! 

German Sustainable Building Council 38 - air supply 96 - air balance 235 

good laboratory practice (GLP) 130-131 - biologicallmedical research 21 - components 238 
good manufacturing practice (GMP) - certification systems 341 - day/night mode im 

130-131,245,530 - chemical-pharmaceutical industry 385 - extract air volume 
gross floor area (GFA) 13 - chemistry building 21, 22 - room-extract-air 

- communication laboratory fittings 2 

h 
health and safety 
- accidents and illnesses, occurrence of 448 
- biological agents 446-447 
- hazardous substances 446 
- integration of computers 448 
- laboratory guidelines 443-445,452,453 
- legal foundations 441-442 
- - European guidelines 441-442 
- - Federal Republic of Germany 441 
- - German Basic Law 441 
- - laws and regulations 442 
- - REACH regulation 442 
- organizational measures 439, 440, 453 
- personal measures 440, 453 
- risk assessment and measures 450-451 
- - bUilding operator and planner 452 
- - checklists in laboratories 449 
- - compressed-gas cylinders 450 
- - laboratory staff, level of training 452 
- - organizational blindness 449 
- - planning phase 454 
- - requirements 449 
- technical measures 439, 440, 453 

- - knowledge and innovation 60 
- - space for 61 
- - work safety 61 
- consumption-based energy certificates 
- - consumption levels 395 
- - consumption value 395 
- - energy consumption characteristics 
- - energy consumption index 384 
- - reference values 382, 384, 395 
- demand-based energy certificates 

381-382,383 
- documentation zone 
- - internal corridor 28, 29 
- - open office 28, 29 
- energy consumption (see energy 

consumption) 
- energy efficiency, regulations for 
- - legislative requirements 403-404 
- - voluntary certification 404-406 
- energy profile 375, 376, 377 
- fire precautions 
- - classic laboratory 70, 71 
- - existing buildings 74 
- - open architecture 72, 73 
- - rooms 73 

382 

- burning gas 307­
- circuits 305 
- cooling water 305 
- dosing task 298 
- ease of installation 
- headwork 300 
- lift-turn type 310 
- materials 
- - brass 299 
- - plastics 299 
- - stainless steel 2 
- matrix for 314 
- parts 297 
- place of installation 
- pressure 306 
- quick connects 3( 
- quick couplings 3 
- safety 298 
- seals 300 
- technical gases 3] 
- temperatures 297 
- treated waters 30' 
- vacuum 313 
- vapor 306-307 
- volume flow 306 

heat energy consumption 384 
heat-pump 376,377 
high efficiency particulate air (HEPA) 

255,269,366 
high vacuum pumps 121 
hospital hygiene 250-251 
hydraulic balance 93 
hygiene 
- barriers 158 
- emergency shower 335 
- hospital 250-251 
- requirements of surfaces 242-243 

243, 

- - units 71, 72 
- - wall thicknesses 69 
- HYAC ring design 369 
- laboratory landscapes 23 
- - depth 23, 24 
- - floor plan lab module 23, 26 
- - internal laboratory corridor 23, 25 
- - isometry of 23, 25 
- mechanical equipment control room 386 
- safety areas 21 
- ventilation in (see ventilation) 
- zoning 23 

- water 300 
- - backflow prevenl 
- - brass 301, 

- - ceramic disc cart 
- - diaphragm head, 
- - free draining 31 
- - lubricated head" 
- - pipe interrupter 
- - plastic headwor~ 

protection 3' 
- - plastics 302 
- - potable water 

laboratory casework - - shut-off and dosi 
; - design - - stainless steel , 
individually ventilated cages (IYCs) - - C-frame 199 laboratory informatic 
- central connection 165 - - H-frame 198 (LlMS) 
- decentralized connection 165 - - hanging under-bench-units 199 - definition 537 
- rack 164, 165 - - height adjustable units 200 - fundamental aspec 
innovation 37,39-40 - - requirements 197 - selection and proc. 
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earch 

- functionality and flexibility 200 - 201 laboratory landscape 
- sustainability requirements 202 - central duct development ventilation 83, 
- trends 201- 202 85, 86 
laboratory control system - flexibility of 83, 84 
- air balance 235 - zoning 90, 91 

21	 - components 238 laboratory logistics 
341 - day/night mode implementation 237-238 - automatic transportation system 147, 148 

tical industry 385 - extract air volume 236 - 237 - centralization 146 

21, 22 - room-extract-air 236, 237 - chemicals supply and disposal 153, 154 
laboratory fittings 297	 - classic systems 145-146 

ovation 60	 - burning gas 307-310 - consignment and automatic storage facilities 
- circuits 305 148, 149, 150 
- cooling water 305 - laboratory work 152 -153 

nergy certificates - dosing task 298 - local transport systems 153, 154, 155 

395 - ease of installation 298 - material flow systems 154 

395 - headwork 300 - - delivery-detail 148, 150 

n characteristics 382 - lift-turn type 310 - - goods delivery 147, 149 
n index 384 - materials - - logistics scheme 147, 149 

382, 384, 395 - - brass 299 - solvents disposal systems 150, 151, 152 
certificates	 - - plastics 299 - workspace 153
 

- - stainless steel 299 laboratory optimization
 
- matrix for 314 - actual recording 511-512
 

28,29 - parts 297 - customer satisfaction and customer loyalty 
9 - place of installation 298 520-521 

(see energy - pressure 306 - definition 509 
- quick connects 306 - economic efficiency 516
 

ulations for - quick couplings 310,311,312 - employee retention 518
 
ents 403- 404 - safety 298 - equipment utilization 517
 
'on 404-406 - seals 300 - laboratory indicators 521- 522
 
376, 377 - technical gases 310,313 - logistic processes 519-520
 

- temperatures 297-298,306 - optimization needs 514-515 
70, 71 - treated waters 306 - optimization potential 512-513 

74 - vacuum 313 - optimization project 510 

72,73 - vapor 306-307 - planning and implementation 513-514 
- volume flow 306	 - quality 520 
- water 300 - staff cost 518-519
 

69 - - backflow preventer 305 - staff utilization 516-517
 

369 - - brass 301, laboratory typologies
 
s 23 - - ceramic disc cartridges 303, 304 - building purpose 4
 

- - diaphragm headwork 303 - fields of activities 6, 7 - 8
 
ule 23,26 - - free draining 304 - laboratory, definition 3
 
corridor 23, 25 - - lubricated headwork 303 - microscope room 4, 6
 

5 - - pipe interrupter 304- 305 - physical structure
 
nt control room 386 - - plastic headwork with overwind - - allocation structure 8, 9
 

protection 303	 - - double laboratory 8 
ntilation)	 - - plastics 302 - - fire and explosion protection 11 

- - potable water 304 - - independent building/components 10 
- - shut-off and dosing 302 , - - inorganic synthesis lab 8, 10 
- - stainless steel 302 - - lab equipment 11 
laboratory information management system - - laboratory building 11-12 

(LIMS) - - laboratory/laboratory landscape 
nch-units 199 - definition 537 combination 8 
nits 200 - fundamental aspects 537 - - locks and access area 10-11 

7 - selection and procurement 537 - 540 - - mass spectrometer 11 
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laboratory typologies (contd.) - service ceiling systems 140, 141 n
 
- - open-plan laboratory 8 liquid chromatograph 214
 Navier- Stokes-equati 

- - project-specific standard lab areas 11 lubricated headwork 303, 309 necessary corridor 

- - restricted areas 10 net floor space (NFS) 
6 

Novartis 40-41- - single laboratory 8 
m 

- - special buildings/components 9 
manufacture-driven technical research 171 

- - synthesis isolators 8, 10 o 
Masdar Institute of Science and Technology

- practical training labs Occupational Health , 
(MIST), DBC 358, 359, 361,360 

- - anatomy 4, 7 449, 456 
Massachusetts Institute of Technology (M.I.T.) 

- - chemistry 4, 5 open architecture labc 

- - geological sciences 4, 6 
39 operational safety 

Max Planck Institute (MPI) for Biology of 
- - physics 4, 5 - cleanliness and hygi 

Ageing
- science direction 5, 6, 7 - - disinfection meas 

- architects 50, 51 
- working methods 8 469-471 

- building view 53laminar air flow (LAF) 256-257 - - hygiene requirem 
- Cologne 51, 52

Leadership in Energy and Environmental - - microbiological n 
- principal 50Design (LEED) 342-343,404-405 - - personal protecti1 
- top floor plan 53legislation and standards - - pollution and unc 
mechanical level indicators 214 - ASHRAE Standard, fume cupboard 467-468 
metal-free clean rooms 176-177 - - air velocity 425 - employment restric 
metal oxide semiconductor (MOS) 355 - - flow visualization 424 - functional efficienC] 
microbial decontamination 247 - - test gas 425 462 

- - VAV systems 425 - identification and acmicrobiological safety cabinets (MSCs) 255 
- classes 262- Australian/New Zealand Standard 427 - laboratory rules anc 

- BREEAM 405 - - chemicals and ha:- - class 263 - 265 

- CEN/TC 404 - - class 2 design 265 - 266 - - collection/dispos: 

- CEN/TR 404 - - class 271 - - hazardous situatil 

- DGNB 405, - - enhanced safety 266-271 - - hazardous work 
- - glove boxes 271- EN standards 404, 409,410 - - hygiene plan 49 

- EPBD 401, 403-404 - clean benches (see clean benches) - - maintaining safet 
- cross-contamination protection 263- French experimental standard 427 - - microbiological to 
- inactivation 271- 272- Germany, standard 427 - - outside company 
- personal protection 262 - 263 - - screening examin - government regulations 402 

- labor safety and occupational health - product protection 262 - - skin protection pi 
- protection tool 255 - - storage equipmer - - biological agents and safety 410 

- - chemicals and hazardous substances - protective-functions definition 262 - - testing equipmen 

regulations 409-410 - safety/risk classification 263 - - work and operati 
- thimble duct connector 268 460-461- - European Union directive 406,407 

- - minimum safety and health requirements microorganisms, stainless steel 246, 253 - - work and protect 
407-408 - bacilli 248 - - working hours 

- laboratory planning and building 402-403 - bacterial spores 247 - - working substan< 
- - legislative requirements 403-404 - biological sciences 251 - - workplace, order 

- - voluntary certification 404-406 - coccoid bacteria 248 - occupational medic 
- LEED 404-405 - fungi 248 - 249 - - health monitorin 

- REACH regulation 410 - hospital hygiene 250-251 - - optional and mar 

- state regulations 402 - microbial decontamination 247 463-464 

lightings - protozoans 249 - - vaccination 46' 

- electrical installations - relevance 251 - principles 455 
- - emergency 127 - surface configuration 250 - protection against I 
- - illuminance level 126 - viruses 249 - safety management 
- - lighting control 126 - waterborne pathogenic germs 249 - - and audits 456· 
- - regulation 126 -127 MSCs. See microbiological safety cabinets - - hazard assess mel 
- - surface-mounted luminaries 126 (MSCs) - - Occupational Sal 
- - suspension luminaries 126 multiple-media bench-mounted fitting 301 - skilled trained pers 
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n - storage and disposal systems 
Navier-Stokes-equation 102-103 - - biological liquid and solid waste 479 
necessary corridor 66 - - hazardous substance waste 479 
net floor space (NFS) 384, 388, 390, 391 - - solvent waste 478 
Novartis 40-41 - structural barriers 

- - containment 472-473 
o - - hygiene barriers 473 
Occupational Health and Safety Act 443, - - inactivated lock systems 473-474 

449, 456 - technical barriers 
open architecture laboratories 72, 73 - - aerosol-preventing systems 477 
operational safety - - extraction equipment 474 
- cleanliness and hygiene - - fume hoods 475 -476 
- - disinfection measures and hygiene plan - - insulators 477 

469-471 - - local extraction devices 476 
- - hygiene requirements 468-469 - - microbiological safety cabinets 477 
- - microbiological requirements 469 - - retaining basins 478 
- - personal protective measures 471-472 Ordinance on Biological Agents 447 
- - pollution and uncontrolled contamination Ordinance on Biological Working Agents 

tors 214 467-468 (BioStoftV) 182, 188
 
176-177
 - employment restrictions 465-466 Ordinance on Hazardous Substances 446 

tor (MOS) 355 - functional efficiency and safety equipment
 
tion 247
 462 p

abinets (MSCs) 255
 - identification and access control 466-467 pharmacy fume cupboards 419 

- laboratory rules and regulations phase change materials (PCMs) 377-378 
- - chemicals and hazardous substances 482 phenotypic adaptations 243 

5-266 - - collection/disposal container 483 photo-ionization detector (PID) 355
 
- - hazardous situations 482 plastics
 

266-271
 - - hazardous work 482 - materials, laboratory fittings 299
 
- - hygiene plan 490-491 - temperature and pressure limits 302
 

an benches)
 - - maintaining safety systems 481-482 plumbing services 86, 87, 88
 
protection 263
 - - microbiological technique 490 power supply
 
72 - - outside company coordination 461-462 - cable routes 122-124
 
262-263
 - - screening examinations 488-489 - consumers 

- - skin protection plan 492 - - frequency converter 121 
- - storage equipment, handling of 483 - - motors 121 
- - testing equipment registry 486-487 - - plug connections 120 
- - work and operating instructions - - pumps 121 

460-461 - - switches and sockets 120-121 
- - work and protective clothes 481 - - vacuum pumps 121-122 
- - working hours 480-481 - emergency shutdown 120 
- - working substance registry 461 - hazard analysis 
- - workplace, order at 481 - - danger symbols and sources of danger 
- occupational medical care 124 
- - health monitoring 464-465 - - EMC 124 
- - optional and mandatory medical care - - explosion dangers 124 

463-464 - - high-voltage laboratories 124 
- - vaccination 464 - - mechanical devices/electrical equipment 
- principles 455 124 
- protection against burglary and theft 467 , - - noise protection 125 
- safety management - - trained electrician 125 
- - and audits 456-458 - instruction 
- - hazard assessment 458 - 459 - - electrical accidents cases 125- 126 
- - Occupational Safety and Health Act 456 - - electrotechnically instructed person 125 

-mounted fitting 301 - skilled trained personnel 459 -460 - laboratory 88, 89 

ical research 171 
nee and Technology 
359, 361, 360 
ofTechnology (M.I.T.) 

262 

246,253 

247 

250 

262 
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power supply (contd.) - annual exhaust volume 389 - handling 181 
- laboratory distribution system 119-120 - average annual air exchange rate 394 - hazardous substance 
- lighting 119 - electricity 395 - IfSG 182 
pressurized gas cylinders, safety cabinets - energy consumption 386-387,389 - isolator 188,190 
- definition 285 - heating 395 - isotope laboratory 
- fire protection 285- 287, 286 - NFS 388, 390, 392 194 
- fire resistance 285 - 287, 286 revitalization phase 505 - 507 - radioactive substanc 
- insertion and restraint 287, 288 - technical equipment 
- installing pipes and electrical cables s - wash hand basin 1: 

287-288 safety cabinets - weighing 189 
- marking and operating instructions 289 - acids and lyes safety management 
- ventilation 287 - - collection trays 289-290 - and audits 456-45 
preventive fire protection - - definition 289 - data 544-546 
- construction law 64 - - marking and operating instructions 291 - hazard assessment 
- model building code - - ventilation 290-291 - Occupational Safety 
- - ceilings and roofs 65 - development 273 safety showers, emerge 
- - escape routes 66-67 - for flammable liquids 274 - combinations 334, 
- - regular buildings 64 - 65 - - active storage 292, 293 - complementary prO( 
- - special building codes 65, 67 - - bottom tray 280-281 - funnel for monthly c 
- - walls 65 - - clean room cabinets 294-296,295 - hygiene 335, 
- rules and regulations - - cooled storage 292 - 293, 294 - location 334, 337 
- - air ventilation units 69 - - definition 274- 275 - special fittings 333 
- - doors 68 - - door technology 276-278,277 - testing and maintem 
- - escape and rescue routes 68 - - earthing to equipotential bonding safety staircase 67 
- - fire alarm systems 68 - 69 283-284 Sample and Assay Teel 
- - shut-off valves 68 - - fire protection 275 - 276 sash controller 238 
- - TRGS 526/BGR 120/BGI 67-68 - - fire resistance 275 - 276 - extract-air-controlle 
- scope 63-64 - - interior fittings 278 - 280 - robustness test 23' 
production-driven technical research centers - - marking and operating instructions - test chart 239 

171 284-285 scheduler tasks 
Protection against Infection Act (lfSG) 182 - - objectives for storage 274-275 - CFEL (see Center fOI 
protozoans 249 - - pipe penetration 276 Science (CFEL)) 

- - pull-out trays 279, 280 - commissioning 46 
q - - ventilation 281-283,282 - execution phase 4l 
Qiagen research building 38-39 - pressurized gas cylinders - integral planning , 
quality management .­ - definition 285 - MPI (see Max Plancl 
- accreditation project, expiration of - - fire protection 285 - 287, 286 Biology of Ageing 

532-533 - - fire resistance 285 - 287, 286 - planning process ' 
- certification/accreditation 526-527 - - insertion and restraint 287, 288 - project preparation 
- continuous improvement process 524 - - installing pipes and electrical cables - user participation 
- creation and maintenance 524 287-288 service boom 217, 2 
- documents 530-531 - - marking and operating instructions 289 service carrying frame 
- implementation 529-530 - - ventilation 287 service ceiling system~ 

- integrated management systems 525-526 - test markings 291- 292 - air ventilation 139 
- ISO 528 safety laboratories - 3D CAD design YS. : 

- quality assurance 523 - active and highly active substances 143-144 
- quality control 523 187-190 - flexible laboratory r 
- quality manager 528-529 - autoclave 185,192,193 - - analytic/composi 
- systematic quality management 525 - biological 182-184 - - building grid 13 
quarantine 167 - building structures 190-192 - - depth 136 

- contamination-free filter exchange 193 - - height 135 
r - fittings 193-194 - - planning 134-1 
radio-nuclide fume cupboards 230 - GenTG 182, 183 - - restructuring and 
reference values - glove box 182 138, 139 
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e 389 - handling 181 - - rooms 137 

change rate 394 - hazardous substances wOPkplace 187 - - width 135 136 
- IfSG 182 - lighting 140, 141 

386-387,389 - isolator 188, 190 - open architecture laboratory 120, 133 

- isotope laboratory 185-187,186,191,192, - prefabrication and installation 141, 142 

194 - water, electric, data, communication, and 

- radioactive substances 185 - 187 gases 141 

- technical equipment 192 - 193 service columns 218, 220 

- wash hand basin 184 service spine 217 

- weighing 189 service wing 218-219 

safety management - configurations of 219-221 
289-290 - and audits 456-458 - laboratory 222 

- data 544-546 shutdowns 120
 
ting instructions 291 - hazard assessment 458-459 sinks
 
291 - Occupational Safety and Health Act 456 - ceramic sink 207
 

safety showers, emergency 336, 337 - cup sink 208
 
s 274 - combinations 334, 339 - materials for 209
 
2, 293 - complementary products 335 - selection criteria 205 - 206
 
-281	 - funnel for monthly check 338 - stainless steel sink 207 
ts 294-296,295 - hygiene 335, - tasks 204
 
92-293,294 - location 334, 337 - types 207
 
275 - special fittings 333 space for communication 61
 

276-278,277 - testing and maintenance 335 specific pathogen free (SPF) management 
tential bonding safety staircase 67 - air showers 161, 163, 164 

Sample and Assay Technology 38-39 - area-specific wear 160, 162 
75-276 sash controller 238 - implementation 164, 165 
5-276 - extract-air-controller 240 - PAA 160
 

78-280 - robustness test 239 - undressing area 163
 
ting instructions - test chart 239 - zone-wear area 163
 

scheduler tasks stainless steel 

- CFEL (see Center for Free-Electron Laser - laboratory fittings 299, 302 

Science (CFEL)) - pipeline material for 321 

- commissioning 46-47 stainless steel laboratory furniture 

- execution phase 46 - clean and disinfect surfaces 243 - 245 

integral planning 44-45 - cleanliness classes for sterile areas 245-
- MPI (see" Max Planck Institute (MPI) for - equipment, areas for 241-242
 

5-287,286 Biology of Ageing) - hygienic requirements of surfaces
 
5-287,286 - planning process 45-46 242-243 

aint 287, 288 - microorganisms, stainless steel 246, 253 - project preparation 44
 
d electrical cables - user participation 45
 - - bacilli 248 

service boom 217, 219 - - bacterial spores 247 

ting instructions 289	 service carrying frames 215- 216 - - biological sciences 251
 

service ceiling systems 222 - 224 - - coccoid bacteria 248
 

- air ventilation 139, 140 - - fungi 248-249
 

- 3D CAD design vs" 2D planning 142, - - hospital hygiene 250-251
 

143-144 - - microbial decontamination 247 

- flexible laboratory room sizes/configuration - - protozoans 249 

- - analytic/composition areas 136 - - relevance 251 
. - - surface configuration 250- - building grid 137 

- - viruses 249 

ter exchange 193 - - height 135 - - waterborne pathogenic germs 249 

- - planning 134-135 - particle emission 246 

190-192	 - - depth 136 

- - restructuring and reconfiguring lab space - phenotypic adaptations 243 

138, 139 standard fume Cllpboards 417 
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storage cabinets 208 - 211 
supply systems 211 
sustainability certification systems 341- 342, 

345 
- benchmarking 346-347 
- consumables 349 
- cooling concept 347 - 348 
- DGNB system 343-345 
- LEED 342 - 343 
- measuring and control 347 
- planning, design, and simulations 

345-346 
- ventilation concept 347 -348 
- working conditions 348-349 
sustainable building 
- communication 32 
- constructional concepts 31 
- definition 31 
- functional requirements 32 
- planning process 32, 33 
- room groups 34, 35, 36 
- space optimization 31 
- work areas 33-34 
- work flows 34, 36 
system documentation 546-547 

t 
table fume cupboards 417 
technical gases, laboratory fittings 310 
technical research centers 
- characterization 173 
- development/extension capacity 173 
- flexible areas 171 
- GMP production 172 
- layout of 173 
- maintenance 173 
- manufacture-driven 171 
- planning of 171 
- production-driven 171 
- usage 172 
Technical Rules for Biological Agents (TRBA) 

442, 447 
technical rules for hazardous substances 

(TRGS) 442, 443, 445 
Technical University of Denmark 404 
Technischen Regeln 

Betriebssicherheitsverordnung (TRBS) 
284 

thermal load flow drivers, DBC 352-353 
thimble ducl connector 268 
total volatile organic compounds (TYOCs) 

sensor 355 
trapped spaces 
- classical laboratory 70 

- dead-end corridor 75 
- fire alarm system 68 
- open area laboratories 72 
Triple Filter cabinet 270 

u 
ultra-high vacuum pumps 121 
ultra-pure gases 
- bottle gas station for corrosive gases 332 
- central building supply 323 
- connection points 319 
- extensively equipped medium columns 

331 
- fitting supports 325 - 326 
- gas bottle stations 330 
- gas purity 317 
- gases and status types 
- - basic principles 318-319 
- - examples 318 
- - system explanation 318 
- impurities 319-320 
- inspections 328 
- joint-less built-in panel 327,328 
- local laboratory gas supply 327 
- material compatibility 319 
- operating staff instruction 328-329 
- operation start-up 328-329 
- particle filter 320 
- pipe networks 324-325 
- properties 317 
- purity matrix 318 
- small bottle gas station, cabinet 330 
- supply systems 320-323 
- tapping spots 325-326 
- zone shut-off valves with filter 324- 325 
US Green Building Council (USGBC) 405 
usable floor area (UFA) 13 

V 

vacuum pumps 121-122 
variable air flow (YAY) 421, 
ventilation 
- air-flow routing 
- - displacement ventilation 
- - mixed ventilation 101 
- - planning and designing 
- - requirements for 100 
- air supply 
- - air exchange rate 96 
- - compressed gas cylinders 
- - DlN 96-97 
- - external air 96 
- - fume cupboards 97 -98 
- - protection of occupants 

422,425 

101-102 

100-101 

98 

97 

- - room cooling load 
- - solvents cabinets 
- - supply air system 
- alternative energy so 
- - energy modeling 
- - heat-pump 376, 
- - PCMs 377-378 
- antenna system 36' 
- biosafety cabinets : 
- boundary conditiom 
- central units 116 
- central ventilation UI 

- characteristic values 
- chemical-pharmacel 
- control and monitor 
- - fume cupboards a 
- - laboratory control 
- - operating costs 
- cross-contaminatior 
- ductwork installatiOI 
- energy-efficient systl 

energy-efficient s) 
- fume cupboard cont 
- horizontal access 1 
- maintenance and m< 

374 
- minimum air changl 
- numerical flow simu 

computational flu 
- proper installation a 
- safety cabinets 
- - acids and Iyes 2~ 

- - flammable liquids 
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325-326 
330 

types 
s 318-319 
8 
tion 318 

-320 
8 

panel 327, 328 
gas supply 
"biIity 319 
struction 
P 328-329 

for corrosive gases 
supply 323 
ts 319 
ped medium columns 

332
 

327
 

328 - 329
 

20
 
324-325
 

318
 
station, cabinet 330
 

320-323
 
325-326
 
ves with filter 324-325
 
Council (USGBC) 405
 
FA) 13
 

422,425 

ventilation 101-102
 
tion 101
 
designing 100-101
 
for 100
 

ate 96
 
as cylinders 98
 

96
 
Ifds 97-98
 
,occupants 97
 

- - room cooling load removal 98-99
 
- - solvents cabinets 98
 
- - supply air system 99
 
- alternative energy sources
 
- - energy modeling 375-376
 
- - heat-pump 376,377
 
- - PCMs 377 -378
 
- antenna system 367-368
 
- biosafety cabinets 366
 
- boundary conditions 95 - 96
 
- central units 116
 
- central ventilation unit 114-116,115
 
- characteristic values 386
 
- chemical-pharmaceutical laboratories 385
 
- control and monitoring
 
- - fume cupboards and controls 233
 
- - laboratory control 231
 
- - operating costs 231
 
- cross-contamination 363
 
- ductwork installation 367 - 369
 
- energy-efficient systems engineering (see
 

energy-efficient systems)
 
- fume cupboard control 365-366
 
- horizontal access 117
 
- maintenance and monitoring of installation
 

374
 
- minimum air changes 367
 
- numerical flow simulation (see
 

computational fluid dynamics (CFD))
 
- proper installation and commissioning 374
 
- safety cabinets
 
- - acids and Iyes 290 - 291
 
- - flammable liquids 281-283,282
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- - pressurized gas cylinders 287
 
- significance of 363
 
- sustainability certification systems
 

347-348
 
- temperature control 367
 
- thermal loads, removal of 385
 
- vertical access 116
 
venting system 213,290
 
viruses 249
 
voluntary certification 404-406
 

w 
walk-in fume cupboards 418
 
wall-mounted fitting for water 307
 
wall-mounted service channel 218 220
 
wall-mounted service spine 218
 
water, laboratory fittings 300
 
- backflow preventer 305
 
- brass 301
 
- ceramic disc cartridges 303, 304
 
- diaphragm headwork 303
 
- free draining 304
 
- lubricated headwork 303
 
- pipe interrupter 304 - 305
 
- plastic headwork with overwind protection
 

303
 
- plastics 302
 
- potable water 304
 
- shut-off and dosing 302
 
- stainless steel 302
 
waterborne pathogenic germs 249
 
Work Protection Act 183
 
workplace ordinance 68-69
 




