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The probloo of nolnUlnlnc livobi* oxygon m i  carbon dioxide prooiuroo

in * * * «ioao4 •***• in  which non m at Uvo load* to conn lo re tion  of tho

pootlblt mm* o f tho photooynthooia o f »t o«n iU ««. i  c a lc u lo u s  boaod on

Umr know ro tn iraU ry  rot# of nan and tha ptotoaynthotu rotoo of ChjorolU

lndlcatM that i t  would bo foaatfcl* to  moo alfo# for th io  purt*>#«.
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In considering the pfOhtai of Maintaining livab le  oxygon and carbon 

dioxide pro#aurea in • d o ted  apace in which non oust U w , i t  la  quit* 

natural to  vondar i f  vo eon reproduce tha Mechanic* of balance that exist*  

in tha e a rth 's  ataoaphcre. Thu nechanlan la elaply tha balance bet veers tha 

photosynthesis of graan p lan ts, by vhleh carbon dioxide la abaorbad and 

oxygon Uboratod, and tha reverse proooaa, raap lra tlon  of a l l  liv ing  xyatono, 

plants included, by viilch oxygon la abaorbad and carbon dioxide ltbo ra tad . 

t f  ena looks a t tha chaaleal raaotlona which rapraoant thtaa two processes,

photoaynthaala 
C 0 ? ♦  H^O . . . . . . . . . . . . . . . . . . — »

resp ira tion

i t  i§ apparent there la  a balance not only of tha gaaaa, CÔ  and 0^, but alao 

of reduced organic Matter, ineluding food, and va lo r. Tharafora, in a
t.

cloaad. a r t i f ic ia l  aysttn, *e vould be concerned not only with the iM d la te  

profcle* o f  gaa exchange, but alao a t longer tin ea , tnUi the conversion of

• The vork described in  th is  paner via supported in  part by tha Office, 
of Hava) Research, Contract NR 123*256, and tha 0, S, Atonic taergy 
Comi salon.

organic compounds
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organic r a t t e r .  Thus, for example, on an extended ijaca Journey of several 

]THnt I t  might n<t be possible to  osriy  tnough food and i t  would bacons 

neceaaary to  process the plants to  rake food. Ua will d iscuss here prin

cipally tha gas exchange poh lea .

Tho reaction written a boro by so naans represents completely tha 

process of photosynthesis. Thera i s ,  is  id d ltlo n  to tha geseouf exchange, 

as uptake of nitrogen ( is  tha fon t of eraonlira or n itra te  loos), phosphate, 

sad the loos of numerous ra ta ls , including I ro n , magnesium, sodlua, 

potaaslum, a te .  In any photoaynthesisln| system these a l aments sunt be 

supplied, ju s t  as f e r t i l i s e r s  are required In ag ricu ltu re .

Is eel acting a suitabla p lan t for gia exchange, one la  led to a
*

ccnalderstloo of various types of green algae bgr their m ay favorable 

charac te ristic* . Suspensions of algae in n u trien t solutions can bt kept 

In tanks, which oen be rather easily  adapted i n  shape to  f i l l  avallablo 

•pace. The suspension oan be pus pad and "harrestlng” of th e  plant yiald osn 

probably be node continuous and automatic. "Planting1 ooosla ts  rarely of 

inoculation of a vtaael of liqu id  nutrient so lu tion  with a suspension of 

liv e  algae. Sera unicellu lar algae e re  capable of a tery high rote of 

phot oayn thesis , which results in a large  aaount of gas exchange par unit 

volura of apse# as caspared with higher jla n ts . Absorption of light energy 

oan be nade nearly complete.

The blg(%U disadvantage of nlgae appears to bs suscep tib ility  to  

contamination by beoteria, In add ition  thsra I s  a tendency on the part 

of sqm species of sigma, vhieh Might be daslreble in other respeots. to 

fora spores, oauslng a temporary large  da crease in photosynthesis r e ts .
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Other ipscles h art con pi ax nutriant rsqui ranen t i  which hart not baan fu lly  

data mined.

These problems a l l  appear to  be auacaptlhla to  so lu tion . In regard 

to  contamination i t  should ba no tad th a t in  sons aawsgt disposal research, 

algae are being crown very auccaeafullj in  ths prstsaca of s greet variety 

of bactaria. Za th is  cast ths algae l ib s  ra ta  oocygeo which in than usad by 

tha bacteria to  daeoapoa# tm  organic n a tte r ,  supplying in turn a rich  source 

of COj, minaral a  and orfsnic oca pounds fo r  ths alga* Thar* t r a  a nunbsr 

of s i  gas spscias which do not sporulste, and nutrition  requirements can ba 

datarainad by pa tian t investigation.

Ths apse# requirements of a photoejrnthetip-ges. exchange apparatus 

can bs oalculatad from tha known photoaynthatic rata  of ons of tha aort 

• c t i r s  s i gas, Chi o r e l l i . and tha resp ira tion  ra ta  of nan. A mo weighing 

154 pounds (70 k g .) and doing lig h t labor would, over s 24-hour period of 

working, res tin g  and sleeping, require about 600 l i t s r s  of caqrgan or 

25 lita rs /h o u r. Ths rary offician t un ica llu lar graan alga, Chi o ra lis . is  

aaaily  capable of ra tas  of photosynthsals which oauaa tha aro lu tion  of 30 

l i t e r s  of caygan/hour par kilograa of fra  ah weight of alga a, and ra ta s  ss 

high sa 45 lita rs /h o u r bars baan nasaurad under laboratory conditions,
a

though not undar condition* of steady-state growth. I t  stasis raasonahla
,  '  »

that s itaady-stata rpU  of 25 1 ltera/hour/kUogran of alga# night ba
*

achieved, and i f  one ankas th is  assumption, than i t  is  seen th a t the respira

tion  of a t oh mho could ba balanced by tha photosynthesis of on# kilograa 

wet weight of algae. .

However, algae moat ba suspended la  nutrient solution in  order to
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r t c t i u  adequate ligh t tad nutrien t for photoeynthesis. A concoctration of 

I f  algae (wot weight) in n u trien t eolution is  p rac tical for as interning 

growth. Therefore 100 l iU r e  of algal tuapans loo are required fo r each b i d .

The ligh t requirement fo r atInU Icing the  necessary r tU  of photo- 

synthesis oan be oil cult tod fro* the known lig h t absorption.data fo r .

Chi oral ! a . Such • calculation* above O ut for •  on* percent tue pens Ion 

of alga# 0 4 cm thick, a l ig h t  intensity of about COO fooUcandlta froo 

each tide  would be required to  supply enough l ig h t  to  maintain the deaired 

ra ta  of pbotosynthaeia, i f  tha lig h t ware a l l  of the 6600 I  m y  len g th .

Sicca one kilograa of algae In one percent euepeneion occupies 100 l i t a r a ,  

thia thickness would ra fu lt  in • layer of alga# with an area of 

10* cm, which i i  2.5 x 10* m  or 270 f t .2 One night laagine an .

arrangement of tanka ccnpoaad of 1/ 4 -inch thick transparent p lastic  sheets 

about 4 f t  x 4 f t  In area and 0.4 ca ejmrt, with sept re to rt to aaia ta ln  

the desired width. A unit layer would coneist of one such tank with a 

thickness of about )A la  and a bank of neon or fluorescent lig h ts  of per

haps 1/2 in .  thickness with • paces between for a ir  cooling. The to ta l

thickness of thia unit would than be about 1-1/2 in , and, since each layer
2

would hate an area of 16 fa a t  , aoae 17 layars would be required, asking 

a thickneee of‘about 27 inches. This eoluBa would than be 4 f t x 4 f t  

x 2*1/4  f t  • or 36 ou f t  per aan. If another 14 eu f t  ware allowed fo r  

puaplng, aerating, harvesting, and control aaohanlaw, about 50 eu f t

would be required per aan. Good engineering design should resu lt in a sore
* *  *

compact un it. For example, the asny thicknesses of pU etlc Mails eight be
«

•1 initiated and the lig h t put d irec tly  in the algae tank, with only terminals

• Ue ere Indebted to Dr. Jack Ifrera, Uhlvereity of Taxaa, for a private 
communication concerning th is  and idee other calculations presented bare.

a *' * ’ • * ■
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caning out. Coal-running lig h ts  end a good ntchanlan fo r  rtac fing  hoet f r c *  the

repidly c irc u la tin g  i l f i t  euapeailon would than b# requ ired .

la  add ition  to  ape* requirement# tiw* power roqulraneat of an algae

gaa.exchange ay a tee should bo considered Since resp ira tion  and phctotiyatheela

ara approximately reverse processes la  enargy aa w all aa m i ta r  ta la , we can

consider tha power expanded by a nan a t 120 koal/hr aa equal to that which

■uet ba supplied to  Ua photoayntheei* lA f OT ftTTn f  to  ao inu tn  tha neeeeaery

f i t  exchange, and th is  amount* to  about 0.2 hp. Tho —a 1m m  e ffic iency

with which Ckt t f i i u  use* l ig h t  energy under laboratory eondltiona la  a t lU

a subject of controwaray, w ith e ffic ie n c ie s  approachlo| 1001 being reported

by Warburg and Burke and e ff ic ie n c ie s  of about 3 #  raportad by a nunbor o f

workers In any event. tha converalon of rad lig h t energy to ohealeal

energy by cm  growing on a largo anal# could probably not ba battor
0

than about 2% even I f  a oat of tha l ig h t  auppllad to  tha* warn of wave

loagtha of 6300 to  6000 t, Tha wava langth of tha l ig h t  la lnportant la

ttaa connection ainoo th t p l ia n t  ayataaa of tha'algao apparently dagrada

lig h t energy of shorter wav# length* to  anargiot equivalent to  rod lig h t  
* , 

before converting th ia  energy to  chen loal  energy.. Thus i f  blue lig h t  were

used, about h a lf tha energy would ba lo a t aa heat before any eonvorelon to

chant cel energy would take plaoo.

Tha a ffle lency of the oonveraioo of e le c trica l energy to  v lc lh ie

lig h t energy la  about 201 in  *  etendard fluoreaoent lamp* but tana fu rthe r

Studies nay ba required la order to  fin d  a leap which would product red

lig h t w ith th ia  e ffic ie n cy . t f  wa eoablne theaa e ffic ie n c ie s  with tha

power requirement of 0.2 hr fo r  one nan, we obtain 0 .2 /M  % .23) •  4 hp.

«
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If car 09hiff  were powered by • reactor thie would require Um oeeattapUea 

*4 about 10 ( r m  of i t « U  fuel p r  fM f p»r m b , If  an efficiency of 

canvoraloa of fuel to  e lec trica l energy of 0 021 were obtained.

The ra t io  of te  0^ la  the gaa a d o i ( «  of 0 ro ip lr ls f  mb 1b 

M 1.0 I I  would bo «tpeeled i f  MB CQBPUMd only otrbofcyrdreU but lo

actually about 0 1 due to  the catabolic conauaptloa of preteiae bb4 f iU ,
*

Since photogyntheetsiAg algae produce protein* and foto «• wall •« oerbo- 

hydra too the pfeotoaynlbetie-ge# emaheog* ra tio  or CC /̂C  ̂ o lio  lo different 

* froa 1 0 and can wary froa 0,7 to  0 .9  tft Uu» eaio of flhLfiCSUJI* depaading 

on whether n ltra U  or io m u o i U  ueed a t a, nitrogen ftouxce. Tim gao ok*

, change ra tio  of QbLflClUlu<*n thao bo Mdo to  Juet coapenaete that of nan 

by controlling the ratio  of n itra te  to  a io n lM  U the nutrient auppiied 

1 to  Urn algae * H

Tbo nitrogen requlrwainU  of the alga# oan bo ealeulated aa foilowe» 

On# kUognua of algaa producing 2d l i te r*  of c ? par hour a t  a gaa exchange 

ratio  of 0 82 would taka up 20 .) l i t e r #  of carbon dioxide pr 0 .91) nolo# 

of oarboa. According to  l^rere, the call a produced by growth pro about MX f

oarboa and 10* nitrogen ao that 0 Id  aolat of nltroganA r would ba re~
♦ •

qulred Thie altrogaa could ba tuppliod by tha addition of l j . t  f  of 

Mabcy 4 H |  of uraa or 2 7  g :|(L  p*r hour. U t ta r  aaoiatc  of fhoephate
> t  •  «* ■ . ■>

and a r.uabor of other alaaaott would a l to  have to ba added
. *

% &  oonaideretiona natu ra lly  load to a do t ire  to  racial* tha 
*

nitrogen and other ninemla frea  the he pro a ted algae. However, prooataaa :

which bum tha algaa hanreat *to ln<MV*>iit aineraU  will oonauna aa auoh
. '

oxygen and lib e ra te  aa auoh CC| aa waa required for the algaa growth.



ComMHfoa&Uy, if v» ar* to bunt tfca alga* ** oaa afford to do- o* only by 

i t  1»U m «r*«,a«4 *4 w* i »  Me* U  U$* **44** of mmmrUng 

jilg o *  v* faUufeU food tonmroioft will probably bo *c<?a*pliah*4 in

ftih t no* t*. Hobaitt f*tur», p*rtep* long Ufar* ** bom intorgi*n*ury

m w i  Algo* or* •  potonuoUy food food* n w  apteiM con touting m  U | i
%

•o V* prdoift* ?! f* t | oi*41 tu rn  hi* o w jn i of dlgoaUbta Mrtwfcydmo 

bMfoWNf. tamiyo u 4  co**afb#rt «t tb* tofcugawa In* t i t  do  in Joy** bom 

|  m*» pttatobM brood,' co&lHt«M tniUUon w*oy aouM* trod algo# * |

U th* algo* ho moot ton M *<***»*i »» food than tbo bunaii otoroU 

would Mm to b# promiaod, probably by iao action of badorio, V# pro*l4#

ItW  ttuinod for th* alga# £ TbU procaaoing *oul4 f«4tfl« Oom furthor
»

oxygon uptaba and CÔ  av4uis<*. which would in turn bring about on inarm a* |  

in iM v&lafj* and onorgy ro^uinmontt of th* alga* o d u n i ,

ffcol thorn oppmr to bo mrnrol oltornoM nothodo of uaiag phot*- 

*y«th*lis of alga* to Mlanto raipiratlon of non, Involving 4tffor#at do- 

grooa of oonmrmUon of ■Mortal. Wo con oorry along oil tho food rttytirod 

by tho «r*w and *11 tho mitnonto roqulrod br tho algo* for tho duration of 

, tto trip  and throw away oH tho huwm oxcroto and vh« algao h a rm tt , Tho 

i *fior «* trw  u  to «<***#»» oil tho alga* harm at for food and to proeoaa

|01 oatrvta and waato for folding both# olg*o, Mtvoon thaao two oxtroio*
*

1 U «  t mrioty of choimo* ouch i t  carrying oil Moratory food but procoaaing 

OBSfota for algo* nutriontt, * u , Tho aotbod oho mb will doubtlwa dopmd 

on tho limitation* of tsm* and tpaoo impoood by th# m *  of tbo ipnoo ship 

and tho duration of tho voyig#

Th# pr©4#ma to b* vortod out in 4*aignlng o m tu fa  dory gyatan

*
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ar* m ay and lnrolr# prohltoa in  aicxobltaogy, aofl&aarl&i, m dicina, 

ohaalftry, tad  ptoyaica. Haoathalaaa, thaxa a r t  no thao ra tio fl rM«otu fo r  

baHarl&f «ioh • qr*tm  v i l l  not work. I t  la ,  a t t a r  a l l ,  alajLy a a in ia tu ra  

aodal of tha biclofioaX aja taa  in whioh va l i r a .


