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Completed 
greenhouse on a 
south-facing slope.

Sunlight reflected 
from white deck.

King’s Fold Greenhouse, Cochrane, Alberta.
Tang G. Lee Architect 1979

Build on a southerly facing slope.

A free-standing greenhouse loses heat 
on all sides.

The attached 
sunspace 
shares a wall 
with the house.

The attached sunspace …
•Add another “skin” to the wall

•Reduce air leakage

•Reuse the heat loss from the walls

•Is a solar collector

+&#@",C(*&B.@'&(@'('9$,#9../(:#"D'(

C&96""*(*,&($"("E&#6@C%@':=(B.@?9$&(
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)*+%&,"+&%-./0"#$/

01*,/%$-/*2-&+#3
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!!

Hg 
""""

O9/(4P=(3MMQ(

2. Greenview Aqua-farm Ltd. Conrich, Alberta.
Tang G. Lee Architect 1994
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1.22#)&3$4+,)##-"./0#+

!
R.+*##,3!1+$01201+1'0/!.+!+&0$%10+!4&))'+.$.1/!).(%$!;*+$!$&!4&+/.-10!1/$*9#./%.+(!
*!(011+%&'/1!*/!*!4&))104.*##,!:.*9#1!9'/.+1//7!!Y4&+&).4!-1:1#&2)1+$!
4&02&0*$.&+/!&0!1<./$.+(!(0&410/!)*,!91!91/$!/'.$1-!$&!$%./!G.+-!&6!20&514$7!!!

F+!$%1!4&))104.*#!(011+%&'/1!9'/.+1//3!
/2*41Z$.)1Z)&+1,7!!A%1016&01!$%101!*01!
410$*.+!$14%+&#&(.1/3!/'4%!*/!*'$&)*$.&+!
*+-!%.(%!1+10(,!166.4.1+4,3!$%*$!;.##!+11-!$&!
91!1)2#&,1-!$&!01*4%!*!410$*.+!14&+&),!&6!
/4*#17!!"!4&))104.*#!(011+%&'/1!;.##!
20&9*9#,!01@'.01!*!)*0G1$![4&))'+.$,!/.J1\!
&6!XUUU]!21&2#13!*+-M&0!%*:1!4&+$0*4$/!;.$%!
+1*09,!).+1!/.$1/3!%&/2.$*#/3!
%&$1#M01/$*'0*+$/3!6&&-!/$&01/!*+-!&$%10!
1+$.$.1/!$%*$!4&'#-!*4$!*/!01('#*0!*+-!
/'9/$*+$.*#!9',10/!&6!$%1!(0&;+!20&-'417!

"!/.<!)&+$%!(011+%&'/1!&210*$.&+!)*,!4'$!
-&;+!&+!&210*$.+(!4&/$/!*+-!4*2.$*#!
.+:1/$)1+$3!%&;1:10!.$!)*,!91!-.66.4'#$!$&!
%.01!*+-!$0*.+!(&&-!;&0G10/!6&0!^!)&+$%/E!
;&0G7!!"+&$%10!&2$.&+!./!$&!.+:1/$!.+!*!=>!

)&+$%!(011+%&'/1!&210*$.&+7!!A%./!%*/!$%1!9&+'/!&6!20&:.-.+(!601/%3!%1*#$%,!6&&-/!
*+-!1)2#&,.+(!/$*66!,1*0!0&'+-7!!"!=>I)&+$%!(011+%&'/1!.+!$%1!+&0$%!;.##!01@'.01!
/.(+.6.4*+$!/'22#1)1+$*#!%1*$!*+-!#.(%$.+(7!!F+!$%1!/'9*04$.43!6&0!$%&/1!4&))'+.$.1/!
;%&!*01!+&$!&+!$%1!(0.-3!*-:*+41/!.+!9.&)*//!%1*$.+(!*01!)*G.+(!$%./!&2$.&+!)'4%!
)&01!14&+&).4*##,!61*/.9#17!!A%./!'/'*##,!)1*+/!1.$%10!9',.+(!&0!20&-'4.+(!;&&-!
4%.2/!&0!;&&-!21##1$/!*+-!'/.+(!$%*$!;&&-!*/!*!/&'041!&6!1+10(,7!!Y+10(,!60&)!;&&-!
21##1$/!./!)&01!1<21+/.:1!$%*+!+*$'0*#!(*/!9'$!)'4%!4%1*210!$%*+!%1*$.+(!&.#!&0!
20&2*+17!!F+!*--.$.&+3!B&)9.+1-!H1*$!*+-!_&;10![BH_\!$14%+&#&(.1/!)1*+!$%*$!9&$%!
%1*$!*+-!1#14$0.4.$,!4*+!91!20&-'41-!60&)!;&&-!21##1$/M4%.2/7!!!

"+!*--.$.&+!$&!%1*$3!*!=>!)&+$%!
(011+%&'/1!;.##!+11-!/'22#1)1+$*#!
#.(%$.+(7!!A%101!%*:1!911+!*-:*+41/!.+!
$%1!'/1!&6!`Ya!#.(%$.+(!6&0!(011+%&'/1!
'/17!!`Ya/!*01!#&;!1+10(,!'/10/!*+-!/&!
%1#2!)*.+$*.+!#&;!&210*$.+(!4&/$/7!!b1-!
`Ya/!&6610!$%1!91/$!#.(%$!6&0!(0&;.+(3!
%&;1:10!*01!&6$1+!9#1+-1-!;.$%!;%.$1!
#.(%$/!6&0!$%1!91+16.$!&6!$%1!(*0-1+10/7!

A%1!B%1+&!H&$!K20.+(/!(011+%&'/1!.+!
"#*/G*3!;%.4%!'/1/!(1&$%10)*#!1+10(,3!
&6610/!*!(&&-!1<*)2#1!&6!*!=>!)&+$%3!

!"#$%#&'%()"*$+,*,$-%

•! ./+),&0%(&0,&"%

•!12,34"+5"&6%7"+38&#)%789"+%.$#/8&%:%77.;<%

•! =>>9%")"*$+,*#)%489"+%

•! ?@?A9%$2"+B#)%489"+%

•! ;C6>>>D$E%

•! C>F%"G*,"&$%#3%

H8BI,&"'%!"#$%#&'%

789"+%JH!7K%

•! ;LF%"G*,"&$%#3%")"*@%

•! M=F%"G*,"&$%#3%2"#$%

•! >@M?NO2+%P%B#Q%8E$%%

5 

90&,)1.21'!;;E"J!3,1@!%*!K36+'!D+551I1!

2.11'0+3,1!

!

L1@!%'@!B531!4MN!5&I0*,!%*!D01'+!=+*!E).&'I,!

2.11'0+3,1O!;0+*+!>.1@&*!$1.&%F!P%.5,,+'#!

!



!

!

!
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!

4&))104.*#!(011+%&'/1!.+!*!+&0$%10+!4#.)*$1!c%$$2NMM;;;74%1+*%&$/20.+(/74&)Md7!!!!

A%1!&0-10!&6!)*(+.$'-1!&6!*!4&))104.*#!(011+%&'/1!;&'#-!+&0)*##,!91!.+!$%1!
%'+-01-/!&6!$%&'/*+-/!&6!-&##*0/7!!!

Q# :.%&'&'I!!

a121+-.+(!&+!$%1!4&))'+.$,3!$%101!)*,!91!#.).$1-!%&0$.4'#$'01M(*0-1+.+(!
1<210.1+41!*:*.#*9#13!*+-!410$*.+#,!&210*$.+(!*!(011+%&'/1!;.##!.+:&#:1!/G.##/!+&$!
201:.&'/#,!*4@'.01-!.+!)&/$!4&))'+.$.1/7!!B0&2/!+11-!4&+/./$1+$!4*01!*+-!*$$1+$.&+3!
/'4%!*/!/11-.+(3!$0*+/2#*+$.+(3!;*$10.+(3!610$.#.J.+(!*+-!21/$!)*+*(1)1+$7!!A%101!
*01!/.(+.6.4*+$!)*+*(1)1+$!01@'.01)1+$/3!/'4%!*/!&0-10.+(!*+-!/$&0.+(!$%1!20&210!
/'22#.1/3!)*+*(.+(!$%1!;&0G!/4%1-'#13!*+-!2#*++.+(!$%1!%*0:1/$7!!F+!*!4&))104.*#!
(011+%&'/13!$%101!./!*#/&!$%1!9'/.+1//!/.-1!&6!$0*4G.+(!1<21+/1/!*+-!01:1+'1/3!
(1+10*$.+(!/*#1/3!*+-!/'22#,.+(!4'/$&)10/7!!"##!$&#-3!$%101!./!*!#&$!$&!-&!$&!
/'441//6'##,!0'+!*!(011+%&'/17!R&0!4&))'+.$.1/!;.$%!#.).$1-!%&0$.4'#$'0*#!
1<210.1+41!$&!-0*;!60&)3!.$!)*,!)*G1!/1+/1!$&!/$*0$!;.$%!*!4&))'+.$,!(*0-1+!&0!
%.(%!$'++1#!20&514$!916&01!1<2*+-.+(!$&!*!(011+%&'/1O!*+-!$&!/$*0$!;.$%!*!/1*/&+*#!
4&))'+.$,!(011+%&'/1!916&01!1<2*+-.+(!$&!*!4&))104.*#!1+$1020./17!!A%*$!/*.-3!
(0&;.+(!40&2/!.+!*!(011+%&'/1!./!(1+10*##,!1*/.103!*+-!)&01!20&-'4$.:13!$%*+!
&'$-&&0!(*0-1+.+(7!!

"!61;!4&##1(1!*+-!'+.:10/.$,!-./$*+41!1-'4*$.&+!&22&0$'+.$.1/!*01!*:*.#*9#13!/'4%!*/!
$%1!e+.:10/.$,!&6!K*/G*$4%1;*+E/!_0*.0.1!H&0$.4'#$'01!B10$.6.4*$13!;%.4%!%*/!*!
(011+%&'/1!40&2!20&-'4$.&+!/$01*)7!!P011+%&'/1!)*+*(10/!*+-!1)2#&,11/!/%&'#-!
91!$0*.+1-!916&01!40&2!20&-'4$.&+!91(.+/7!

P011+%&'/1/!.+!(1+10*#!;.##!+11-!1<210$./1!60&)!2#')910/3!1#14$0.4.*+/!*+-!&$%10!
/214.*#.J1-!$0*-1/3!*+-!.$!./!;&0$%!)*G.+(!*!4&++14$.&+!;.$%!$%1!01#1:*+$!
$0*-1/21&2#1!;%1+!91(.++.+(!*!(011+%&'/1!20&514$7!!P011+%&'/1/!01#.*+$!&+!;&&-!
21##1$!9&.#10/!;.##!*#/&!+11-!$&!%*:1!/&)1&+1!;.$%!/&)1!)14%*+.4*#!&0!1+(.+110.+(!
1<210$./1!*:*.#*9#1!$&!*//./$!;.$%!.$/!6'+4$.&+.+(7!!

R# ()1.%*&'I!MG)1',1,!

"!/.(+.6.4*+$!4*2.$*#!.+:1/$)1+$!;.##!91!01@'.01-!$&!9'.#-!*!(011+%&'/13!91!.$!*!
)&-1/$!4&))'+.$,!/&#*0!(011+%&'/1!&0!*!$14%+&#&(.4*##,!*-:*+41-!4&))104.*#!
(011+%&'/17!!K&)1$.)1/!(&:10+)1+$!(0*+$/!&0!20.:*$1!-&+*$.&+/!*01!*:*.#*9#1!$&!
&66/1$!$%1!4*2.$*#!4&/$/!&6!*!4&))'+.$,!20&514$O!%&;1:10!&+1!)'/$!91!).+-6'#!&6!$%1!
*++'*#!&210*$.+(!4&/$/!&6!0'++.+(!*!(011+%&'/17!R&0!*!4&))'+.$,!(011+%&'/1!$&!
4&:10!.$/!4&/$/3!;.##!.$!91!/1##.+(!601/%!20&-'41!*+-!6#&;10/f!b141.:.+(!*!#&4*#!&0!
(&:10+)1+$!/'9/.-,!6&0!$%1!)1-.')I#&+(!$10)f!!P1$$.+(!&+(&.+(!/'22&0$!60&)!$%1!
#&4*#!4&'+4.#3!/4%&&#!9&*0-3!%1*#$%!*'$%&0.$,!&0!&$%10/f!F$E/!.)2&0$*+$!$&!6.('01!&'$!*!
/$0*$1(.4!2#*+3!&6!*$!#1*/$!6.:1!,1*0/3!6&0!4&:10.+(!&210*$.+(!1<21+/1/!&+41!$%1!
(011+%&'/1!./!9'.#$7!

!

!



!

!

!
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!

S# :1>0'+5+I&1,!

?$%10!$%*+!*!/)*##!)*0G1$!*+-!#&4*#!6&&-!2016101+41/3!*!)*.+!4%*##1+(1!$&!+&0$%10+!
(011+%&'/1/3!:10/'/!/&'$%10+!&+1/3!./!$%1!/%&0$!(0&;.+(!/1*/&+3!+141//.$*$.+(!
/'22#1)1+$*#!%1*$!*+-!#.(%$7!!"!+')910!&6!$14%+&#&(.4*#!*-:*+41/!*01!)*G.+(!
+&0$%10+!(011+%&'/1/!)&01!:.*9#1!$%*+!.+!$%1!2*/$7!!!

,4$53-60+

P#*J.+(/!*01!$%1!$0*+/2*01+$!2*+1#/!'/1-!.+!$%1!;*##/!*+-M&0!0&&6!&6!$%1!(011+%&'/17!!
K.+(#1!2*+1!(#*//!./!+&$!*!2*0$.4'#*0#,!*220&20.*$1!)*$10.*#!.+!$%1!+&0$%3!;.$%!*!#&;!b!
[.+/'#*$.&+\!:*#'1!&6!U7g7!!D1$$10!)*$10.*#/!1<./$3!%&;1:10!6.+*#!4&+/.-10*$.&+!/%&'#-!
91!9*/1-!&+!*!4&)9.+*$.&+!&6!4&/$O!bI:*#'1O!-'0*9.#.$,O!*+-!#.(%$!$0*+/).//.&+7!

F+!$%1!+&0$%3!-&'9#1!(#*J.+(!./!.)2&0$*+$!*/!.$!-0*)*$.4*##,!.)20&:1/!.+/'#*$.&+3!
*--.+(!%1*$!*+-!%').-.$,!$&!$%1!(011+%&'/1!*+-!01-'4.+(!1+10(,!4&/$/7!!
_&#,4*09&+*$1!*+-!*40,#.4!*01!$;&!&2$.&+/7!!A%1!h'G&+!B&##1(1!B&#-!B#.)*$1!
F++&:*$.&+!(011+%&'/1!'/1/!i'*-!_*+1!>X))!2&#,4*09&+*$1!(#*J.+(![bIV\7!!F$!./!
)&01!1<21+/.:1!$&!9',!/'4%!)*$10.*#/!&+!$%1!60&+$!1+-3!9'$!/*:1/!1+10(,!4&/$/!*+-!
4*+!.)20&:1!40&2!2106&0)*+41!&:10!$%1!#&+(!$10)7!!A%101!/%&'#-!+&0)*##,!91!+&!
(#*J.+(!&+!$%1!+&0$%!/.-1!.+!+&0$%10+!(011+%&'/1/7!!

P#*J.+(/!$%*$!-.66'/1!#.(%$!*01!*#/&!4&+/.-101-!$&!91!91+16.4.*#3!*/!$%1,!-./$0.9'$1!
#.(%$!)&01!1:1+#,!*+-!401*$1!#1//!/$01//!&+!2#*+$/!*$!6'##!/'+!%&'0/7!

7-#)6(+8&)##-0+$-*+1/)!$3-0++

K.).#*0#,3!1+10(,!/4011+/!&0!4'0$*.+/!4*+!
%1#2!)*.+$*.+!$%1!%1*$!$%*$!1+$10/!$%1!
(011+%&'/1!-'0.+(!$%1!-*,!$%0&'(%&'$!$%1!
+.(%$3!201:1+$.+(!.$/!1/4*21!&0!/112*(17!!!

A%1,!).(%$!0*+(1!60&)!)&01!$0*+/2*01+$!
/%*-1/3!$%*$!G112!&'$!1<41//!/'+#.(%$3!$&!
)&01!&2*@'1!4'0$*.+/3!;%.4%!$0*2!%1*$!*+-!
20&:.-1!6'0$%10!.+/'#*$.&+7!!Y+10(,!/4011+/!
4*+!91!.+/$*##1-!$&!)*+'*##,!&0!
*'$&)*$.4*##,!0&##I'2!*+-!-&;+!-121+-.+(!
&+!$%1!+11-/!&6!$%1!(011+%&'/17!!"!/.).#*0!
$14%+&#&(,!$%*$!./!/$.##!.+!$%1!1*0#,!/$*(1/!&6!91.+(!-1:1#&21-!./!$%1!'/1!&6!#.@'.-!
6&*)3!$&!91!*22#.1-!*$!+.(%$!.+!*!6&*)!4*:.$,!*$!$%1!$&2!&6!$%1!(011+%&'/1!*+-!
01)&:1-!.+!$%1!)&0+.+(7!!

97:0+

`Ya/3!&0!#.(%$I1).$$.+(!-.&-1/3!4*+!1<$1+-!$%1!(0&;.+(!/1*/&+!&6!+&0$%10+!
(011+%&'/1/3!1:1+!20&:.-.+(!/'66.4.1+$!#.(%$!6&0!*!=>!)&+$%!(0&;.+(!/4%1-'#17!
B&)2*01-!$&!2*/$!#.(%$.+(!/,/$1)/3!/'4%!*/!H.(%!_01//'01!K&-.')![H_K\!&0!Q1$*#!
H*#.-1![QH\3!$%1,!4*+!91!)&01!1+10(,!166.4.1+$3!20&:.-1!*!4'/$&).J1-!#.(%$!
/214$0')3!*+-!0*-.*$1!#1//!%1*$7!!"#$%&'(%!01/1*04%!./!/$.##!.+!.$/!1*0#,!/$*(1/3!01-!

M'1.I?!E>.11'O!CCC#,H1',,+'I5+B%5#>+F!

!



!

!

!
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!

`Ya/!*221*0!$&!91!$%1!91/$!6&0!(0&;.+(7!!"--.+(!9#'1!
`Ya/!)*,!1+%*+41!/14&+-*0,!)1$*9&#.$1/7!K&)1!*01!
*#/&!/$*0$.+(!$&!'/1!.+$10#.(%$.+(!$14%+.@'1/!;%.4%!*22#,!
#.(%$.+(!*#)&/$!-.014$#,!$&!$%1!40&2/7!!A%1!$14%+&#&(,!.+!
$%./!6.1#-!./!4%*+(.+(!@'.4G#,7!!

:#036-+$-*+9.&$!3.-+

P011+%&'/1!-1/.(+!.+!$%1!+&0$%!./!:10,!.)2&0$*+$7!!
?0.1+$*$.&+!/%&'#-!91!/&'$%I6*4.+(!*+-!/%&'#-!)*<.).J1!
#.(%$!21+1$0*$.&+!6&0!$%1!#*$.$'-1!&6!$%1!(011+%&'/17!!"!
/&'$%I6*4.+(!/#&21!./!*#/&!91+16.4.*#7!F$!*#/&!)*G1/!/1+/1!
.+!*!+&0$%10+!(011+%&'/1!$&!*$$*4%!$%1!+&0$%!;*##!$&!
*+&$%10!9'.#-.+(3!1)91-!.$!.+!*!%.##!&0!/#&213!&0!4&+/$0'4$!
*!$%.4G!4&+401$1!&0!;&&-!;*##!$&!201:1+$!%1*$!#&//7!!!

_10%*2/!$%1!)&/$!.)2&0$*+$!4&+/.-10*$.&+!6&0!6.+-.+(!*!
/'.$*9#1!#&4*$.&+!./!*441//!$&!601/%!;*$107!!"!)'+.4.2*#!&0!
9*+-!/&'041!./!&6!4&'0/1!$%1!1*/.1/$3!1/214.*##,!.6!

2016101+$.*#!0*$1/!4*+!91!+1(&$.*$1-7!!R&0!+&+I*@'1-'4$!/.$1/3!$%101!)'/$!91!
4&+/.-10*$.&+!6&0!&+!/.$1!/$&0*(1!*+-!01/'22#,!&6!;*$10O!/$&0*(1!*+-!01)&:*#!&6!
;*/$1!;*$10O!*+-!610$.#.J*$.&+!014.04'#*$.&+7!

h&'0!%1*$.+(!*+-!1+10(,!/&'041!)*,!*#/&!.+6&0)!,&'0!91/$!#&4*$.&+7!!F$!)*,!91!
2&//.9#1!$&!'/1!$%1!1<41//!%1*$!60&)!*!2&;10!(1+10*$.&+!6*4.#.$,O!&0!*-5&.+!*!
(011+%&'/1!$&!*!/4%&&#3!(0&4103!4&))'+.$,!41+$01!&0!%1*#.+(!41+$017!!F6!$%1!
(011+%&'/1!;.##!91!/'22#1)1+$1-!9,!*!(*0-1+3!$%1+!/&.#!@'*#.$,!.+!$%1!*-5&.+.+(!*01*!
).(%$!6*4$&0!.+7!F6!601/%!20&-'41!*+-!6#&;10/!;.##!91!/&#-!*$!$%1!-&&03!$%1+!20&<.).$,!
$&!)*0G1$![17(7!*!01#*$.:1#,!%.(%!$0*66.4!*01*\!4&'#-!91!.)2&0$*+$7!!!

"/!)1+$.&+1-!*9&:13!2*//.:1!/&#*0!
(011+%&'/1/!)*G1!*!#&$!&6!/1+/1!6&0!
/1*/&+*#3!4&))'+.$,!(011+%&'/1/7!!R&0!
=>!)&+$%!:1+$'01/3!1/214.*##,!.+!*01*/!
;.$%!01#*$.:1#,!2&&0!#.(%$!,1*0!0&'+-!
[17(7!60&)!4#&'-/\3!*!(0&;$%!4%*)910!C!
*+!1+4#&/1-!9'.#-.+(!$%*$!01#.1/!6'##,!&+!
*0$.6.4.*#!#.(%$.+(!*+-!%1*$!C!)*,!91!$%1!
)&/$!4&/$!16614$.:17!!

%3.2$00+7-#)6(+

"-:*+41/!.+!9.&)*//!*/!*+!1+10(,!
/&'041!I!.+!$%1!/'9*04$.43!20.)*0.#,!60&)!
/&6$;&&-/!/'4%!*/!2.+1!*+-!/20'41!C!4*+!

)*G1!(011+%&'/1/!.+!$%1!+&0$%!)&01!
:.*9#1!9,!01-'4.+(!1+10(,!4&/$/!6&0!
%1*$.+(!*+-!#.(%$.+(7!!F$!./!*#/&!$0*+/2&0$*9#1!*+-!/$&0*9#13!'+#.G1!&$%10!01+1;*9#1!

T'*1.5&I0*&'I!C&*0!.1@!4MN,!

12 

New (Hybrid) Lighting Strategy 

Top HPS 

Inter-lighting 

10-20% higher yield? 

•! About 20% yield increase with additional 10% LED PAR in the first 2 weeks of fruit 
harvest but  little increase in late growth period in mini-cucumber (Winter 2011) 

•! Increasing plant density improved yield response to LED inter-lighting (Winter 2012) 

•! More research is needed to find the best way to grow with LED inter-lighting (Hao et al., 

2012) (Funded by OGVG ). 

AAFC-Harrow, Winter 2011 

AAFC-Harrow, Winter 2012 

T'*1.5&I0*&'I!C&*0!.1@!4MN,!!

9++@!)1551*,!

!
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!

/&'041/!/'4%!*/!/&#*0!*+-!;.+-3!*+-!1+:.0&+)1+$*##,!/'/$*.+*9#17!!F+!$%1!/'9*04$.43!
9.&)*//!%*/!$%1!*--1-!9&+'/!&6!91.+(!*:*.#*9#1!#&4*##,7!!!

D.&)*//!1+10(,!20&-'4$.&+!./!+&$!&+#,!(&&-!6&0!$%1!4&/$!&6!&210*$.+(!*!(011+%&'/1O!
.$!4*+!91!%.(%#,!'/16'#!.+!9&$%!01-'4.+(!1+10(,!4&/$/!6&0!/'9*04$.4!4&))'+.$.1/!$%*$!
*01!+&$!&+!$%1!(0.-3!*/!;1##!*/!20&:.-1!*!+1;!/&'041!&6!1)2#&,)1+$!*+-!01:1+'1!.+!
6&01/$!4&))'+.$.1/7!!"-:*+41/!.+!9.&)*//!1+10(,!20&-'4$.&+!4*+!%1#2!)*G1!
+&0$%10+!4&))'+.$.1/!+&$!&+#,!)&01!6&&-!/14'01!9'$!*#/&!)&01!1+10(,!/14'013!
*--.+(!#&4*#!1)2#&,)1+$!*+-!01:1+'1!.+!$%1!20&41//7!

A%101!*01!*!+')910!&6!-.66101+$!;*,/!$&!'/1!;&&-!21##1$/!*/!1+10(,3!)&/$!&6!;%.4%!
*01!$0.1-!*+-!$1/$1-!$14%+&#&(.1/!.+!+&0$%10+!Y'0&217!!A%1,!*01!/4*#1*9#1!'2!*+-!
-&;+3!4&).+(!.+!*!#*0(1!:*0.1$,!&6!j/.J1/E3!/'4%!*/!=!kL!6&0!*!01/.-1+$.*#!'+.$!&0!/)*##!
(011+%&'/1O!XkL!6&0!*!/)*##!4&))104.*#!9'.#-.+(!&0!#*0(1!(011+%&'/1O!WXkL!6&0!*+!
*2*0$)1+$!9'.#-.+(O!*+-!XUQL!6&0!*!-./$0.4$!%1*$.+(!/,/$1)7!!A%1,!*01!;1##!
*'$&)*$1-!*+-!-&+E$!01@'.01!)'4%!)&01!166&0$!$&!)*.+$*.+!$%*+!*+!&.#I9'0+.+(!
6'0+*417!

A%1!/*)1!14&+&).4!-1:1#&2)1+$!4&02&0*$.&+!$%*$!)*,!91!.+$101/$1-!.+!*!
4&))104.*##,!:.*9#1!(011+%&'/1!&210*$.&+!)*,!*#/&!91!.+$101/$1-!.+!-1:1#&2.+(!*!
9.&)*//!1+10(,!9'/.+1//3!9,!)*G.+(!;&&-!21##1$/!60&)!;&&-!*+-!;&&-!;*/$1!*+-!
-./$0.9'$.+(!$%1)O!*+-M&0!20&-'4.+(!2&;10!$%1)/1#:1/!$&!/'22#,!$&!#&4*#!%&)1/3!
9'/.+1//1/3!/4%&&#!*+-!%&/2.$*#/3!&0!/1##.+(!$%1!2&;10!9*4G!$&!$%1!(0.-7!!

!

$1%@+C!4%61!:.&B%5!D+3'>&57,!5%.I1!B+&51.!@1F+',*.%*&+'!).+U1>*!&'!D%'+1!4%618!EP#!!T*!01%*,!-+3.!

*1%>01.%I1,#!!:01!C++@!)1551*,!%.1!,*+.1@!&'!*01!I.1?!>?5&'@1.,!%'@!%3*+F%*&>%55?!@15&H1.1@!*+!*01!B+&51.#!

"#$%&'(%!;&&-,!9.&)*//!./!+&$!*!:.*9#1!&2$.&+!6&0!"04$.4!4&))'+.$.1/3!*-:*+41/!.+!
;.+-!*+-!).40&I+'4#1*0!2&;10!)*,!20&:.-1!*!)&01!4&/$!16614$.:1!/&'041!&6!1+10(,!
6&0!$%*$!*01*!.+!$%1!4&).+(!,1*0/7!!

!
!



!

!

!

 

ICNGD | U of S               Guidelines for Establishing a Northern Greenhouse Project               Page 10 of 27 

!

V# D.+),!!

L%*$!60'.$/!*+-!:1(1$*9#1/!/%&'#-!91!(0&;+!.+!+&0$%10+!(011+%&'/1/f!!A%101!*01!*!
+')910!&6!6*4$&0/!$&!$*G1!.+$&!4&+/.-10*$.&+N!L%*$!./!)&/$!#.G1#,!$&!91!1*$1+M/&#-f!
L%*$!;&0G/!91/$!;.$%!$%1!#.(%$3!$1)210*$'01!*+-!%').-.$,!*:*.#*9#1f!L%*$!./!$%1!
)&/$!+'$0.$.&'/!6&&-f!!A%1!*+/;10/!&6!;%*$!G.+-!&6!40&2!$&!(0&;!;.##!-121+-!&+!
,&'0!20.&0.$.1/7!

F+!(1+10*#3!*#)&/$!*+,$%.+(!4*+!91!(0&;+!.+!*!(011+%&'/1!.6!,&'!4*+!20&:.-1!$%1!
0.(%$!1+:.0&+)1+$!6&0!$%1!2#*+$7!!D*+*+*/!*01!(0&;+!.+!(011+%&'/1/!.+!F41#*+-3!6&0!
1<*)2#13!%&;1:10!.$!./!+&$!*!2*0$.4'#*0#,!166.4.1+$!(011+%&'/1!40&27!A&)*$&1/3!
4'4')910/!*+-!212210/!*01!2&2'#*0!40&2/!.+!/&'$%10+!4&))104.*#!(011+%&'/1/7!!
`1$$'41!(0&;/!:10,!@'.4G#,7!!k.-/!#&:1!/$0*;9100.1/7!!_&$*$&1/3!4*00&$/3!*+-!&+.&+/!
4*+!91!/$&01-!6&0!)*+,!)&+$%/!*6$10!%*0:1/$!*+-!6&0)!2*0$!&6!1<./$.+(!-.1$/!.+!)*+,!
4&))'+.$.1/!.+!$%1!+&0$%7!D1*+/!*+-!/2.+*4%!*01!:10,!+'$0.$.&'/7!!h&'!)*,!*#/&!
;*+$!$&!1<210.)1+$!;.$%!(0&;.+(!$0*-.$.&+*#!%109/!*+-!2#*+$/!.+!,&'0!(011+%&'/17!!
Q*+,!6#&;10/!*#/&!(0&;!;1##!.+!*!(011+%&'/1!*+-!)*G1!*+!1<41##1+$!4*/%!40&27!!!

F+!/%&0$3!;%*$!40&2/!$&!(0&;!;.##!-121+-!&+!$%1!/1*/&+3!$%1!)*0G1$3!*+-!&9514$.:1/!
[S3!+'$0.$.&+3!1*/1!&6!(0&;.+(\!&6!$%1!(011+%&'/17!!

J# D+FF3'&*?!A1'1-&*,!

A%101!*01!)*+,!2&/.$.:1!*/214$/!$&!*!(011+%&'/1!*+-!)*+,!/,+10(.1/!$%*$!4*+!91!
)*-13!6&0!1<*)2#1!;.$%!/4%&&#!20&(0*)/3!01%*9.#.$*$.&+M%1*#.+(!41+$01/3!*+-!
4&)2&/$.+(!20&(0*)/!$%*$!01-'41!#*+-6.##!;*/$1!*+-!1+4&'0*(1!/'/$*.+*9.#.$,7!!A%1!
%1*#$%!91+16.$/!&6!20&:.-.+(!601/%!6&&-!*$!*!01*/&+*9#1!20.41!./!&+#,!&+1!&6!*!%&/$!&6!
2&//.9#1!91+16.$/!60&)!*!4&))'+.$,!(011+%&'/17!

"!4&))'+.$,!(011+%&'/1!).(%$!;*+$!$&!.+:&#:1!/4.1+41!4#*//1/!.+!.$/!20&-'4$.&+7!!"!
(011+%&'/1!./!*!#.:.+(!9.&#&(,!#*97!!K&.#!+'$0.1+$/3!610$.#.J103!*+-!;*$10!20&:.-1!
#1//&+/!.+!4%1)./$0,O!(011+%&'/1!*+(#1!*+-!#.(%$!/214$0')!*+-!-.66'/.&+!@'*#.$,!
*22#,!$&!2%,/.4/7!!K&)1!2#*+$/!(0&;!@'.$1!@'.4G#,3!/'4%!*/!91*+/!*+-!#1$$'413!
20&:.-.+(!@'.4G!(0*$.6.4*$.&+!.+!$10)/!&6!$.)1!60&)!/11-.+(!$&!%*0:1/$.+(!*+-!
)*G.+(!$%1)!;1##!/'.$1-!6&0!*!/4.1+41!)&-'#17!!k.-/!*01!*#/&!)&01!#.G1#,!$&!1*$!
:1(1$*9#1/!.6!$%1,E:1!911+!.+:&#:1-!.+3!&0!5'/$!'+-10/$*+-!$%1!20&41//!&63!(0&;.+(!
$%1)7!

A%101!./!*#/&!*!l%&0$.4'#$'0*#!$%10*2,m!*/214$!$&!91.+(!.+!*!+.413!;*0)3!%').-3!*+-!
(011+!/2*41!;.$%!#.:.+(!$%.+(/7!!!P011+%&'/1/!*01!20&-'4$.:1!*+-!#'/%!2#*41/!*+-!4*+!
91!:10,!$%10*21'$.47!

R.+*##,3!;&0G.+(!*+-!:&#'+$110.+(!.+!*!(011+%&'/1!9'.#-/!;&0G!*+-!#.61!/G.##/3!;&0G!
1$%.43!/1#6I4&+6.-1+41!*+-!*!/1+/1!&6!01/2&+/.9.#.$,3!*/!2#*+$/!+11-!$&!91!4*01-!6&0!
*+-!)&+.$&01-!4*016'##,7!!A%101!./!*#/&!*!$*+(.9#1!*44&)2#./%)1+$!*$!$%1!1+-!&6!$%1!
(0&;.+(!4,4#1!;%1+!60'.$/!*+-!:1(1$*9#1/!*01!%*0:1/$1-7!
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!

"!4&))104.*#!(011+%&'/13!;%.4%!)*,!&0!)*,!+&$!&2$!$&!1+(*(1!.+!4&))'+.$,!
20&(0*)/3!/$.##!%*/!$%1!.)2&0$*+$!/&4.*#!91+16.$/!&6!20&:.-.+(!#&4*#!1)2#&,)1+$!*+-!
&6610.+(!601/%!60'.$/!*+-!:1(1$*9#1/!*$!01*/&+*9#1!20.41/7!
!

W# (*01.!()*&+',!-+.!X++@!E1>3.&*?!%'@!L1H1'31!21'1.%*&+'!

P011+%&'/1!20&-'4$.&+!./!&+1!&2$.&+!6&0!*--01//.+(!6&&-!/14'0.$,!*+-!20&:.-.+(!
#&4*#!14&+&).4!&22&0$'+.$.1/3!9'$!$%101!*01!&$%10!&2$.&+/!$%*$!*01!/,+10(1$.4!;.$%!*!
(011+%&'/1!20&514$7!

;</$&/4!/)#+

F6!2&//.9#13!.$!)*G1/!/1+/1!$&!
.+4&02&0*$1!*+!*@'*4'#$'013!&0!6./%!
6*0).+(3!/,/$1)!*-5*41+$!$&!$%1!
(011+%&'/17!"+!*@'*4'#$'01!/,/$1)!
(0&;/!6./%!*/!;1##!*/!2#*+$/3!;.$%!$%1!
2#*+$/!'/.+(!*+-!4#1*+.+(!$%1!;*/$1!
20&-'41-!9,!$%1!6./%3!*+-!$%1!6./%!
91+16.$$.+(!60&)!$%1!&<,(1+!*+-!
+'$0.1+$/!2*//1-!&+!9,!$%1!2#*+$/!*/!
;1##!*/!$%1!01)&:*#!&6!*))&+.*!.+!
$%1!;*$107!A%101!./!4&+/.-10*9#1!
/,+10(1$.4!*-:*+$*(1!91$;11+!$%1!
$;&!20&41//1/!.+4#'-.+(!B?>3!
%').-.$,3!%1*$3!$%10)*#!)*//!*+-!
+'$0.1+$/7!D1/.-1/3!6./%!%*/!$%1!91/$!
611-!4&+:10/.&+!0*$1!*+-!./!*#/&!*!%1*#$%,!6&&-!;.$%!)*0G1$!2&$1+$.*#7!!

,$)*#-0+

A%1!91/$!&2$.&+!./!+&$!$&!%*:1!
1.$%10!*!(011+%&'/1!&0!*!
4&))'+.$,!(*0-1+3!9'$!$&!
%*:1!9&$%7!!K$*0$.+(!/11-#.+(/!
.+!*!(011+%&'/1!4*+!)*<.).J1!
$%1!/1*/&+!$%*$!-&1/!1<./$!6&0!
&'$-&&0!(*0-1+.+(!.+!$%1!
+&0$%3!;%.#1!20&:.-.+(!$%1!
/*)1!6&&-!/14'0.$,3!%1*#$%!*+-!
;&0G!/G.##/!91+16.$/!*/!*!
(011+%&'/1!C!*+-!20&9*9#,!
)&01!1<104./17!!B&))'+.$,!
(*0-1+/!*01!*#/&!)'4%!#1//!
1<21+/.:1!$&!1/$*9#./%!*+-!

&210*$1!$%*+!*!(011+%&'/13!
1/214.*##,!.6!:&#'+$110!#*9&'0!

!"#$%&#'()""*(+,--./ 0123324034

5#"67(89':(;7(<&&=(>?9@.(.&&A,B9.:9#/7B9 C

tilapia

Fish farm

Greenhouse

Wind powered air pump

Delivery truck

Raise ~500,000 fish/yr. 

Our tilapia in the hippopotamus 
tank at the Calgary Zoo.

!"#$%"$

&#$'()*+)"',*-").*

/$(01

234%3)("',

!"#$%&'()"*+%,"-$%+(..*$/0#.#%-/%)'*'+.%,'#-.%

#-(.')%102%#-.')%'*3%3/,*%#-(.')4 Snails (escargot)

Wetlands clean the water

Plants using fish water

Clean water returned 
back to fish farm.

)9?@./(6@D%(69#?7

5.6*730)*(.")*

,#$7"$(31*4$80*9:*

4"##"3';60$1<

2$'*/0*$--317*(3*+)0*#$'7=*

10)3+1>0)*$'7*0'01,6*-31*)%31(*

$'7*0'(01($"'40'(<

5.6*$10*(.06*?0130)<

2.11'H&1C!YZ3%-%.F!&'!Y5B1.*%O!&F%I1!>+3.*1,?!+-!

:%'I!411#!

4&**51!E%5F+'!D%.F%>6,!2.11'0+3,1!&'!K36+'#!!;0+*+!>.1@&*!

N%C'!D0%.5&1#!
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!

./!91.+(!'/1-7!!P0&;.+(!6.1#-!40&2/!'+-10!%.(%!$'++1#/!./!*#/&!*!(&&-!&2$.&+!6&0!
1<$1+-.+(!$%1!(0&;.+(!/1*/&+!*+-!)*<.).J.+(!$%1!%*0:1/$7!

B&))'+.$.1/!)*,!*#/&!;*+$!$&!4&+/.-10!4&))'+.$,!6&&-!/$&0*(1!/.$1/!*+-!6011J10!
20&(0*)/!$&!)*G1!(*0-1+!*+-!$0*-.$.&+*#!%*0:1/$/!#*/$!.+$&!$%1!;.+$10!*+-!$&!
20&:.-1!*!4&))'+*#!/$&01!&6!6&&-7!!!

1.2=.0!3-6+

B&)2&/$.+(3!&0!'/.+(!&#-!6&&-!/40*2/3!
4&6611!(0.+-/3!*+-!&$%10!&0(*+.4!
)*$10.*#!*/!610$.#.J10!*+-!/&.#!
*)1+-)1+$3!./!*+!1*/,!;*,!$&!.)20&:1!
/&.#!@'*#.$,!*+-!1+%*+41!2#*+$!
20&-'4$.&+!;%.#1!01-'4.+(!$%1!+11-!$&!
.)2&0$!1<21+/.:1!/&.#!*+-!610$.#.J107!!
A%./!./!2*0$.4'#*0#,!.)2&0$*+$!.+!
+&0$%10+!4&))'+.$.1/!;.$%!2&&0!/&.#!
4&+-.$.&+/7!!

B&)2&/$.+(!20&:.-1/!$%1!*--1-!91+16.$!
&6!-.:10$.+(!;*/$1!60&)!#&4*#!#*+-6.##/!
*+-!01-'4.+(!)'+.4.2*#!*+-!9*+-!4&/$/!
6&0!(*09*(1!4&##14$.&+!*+-!-./2&/*#7!!!

+

1"3&'#-0+

b*./.+(!4%.4G1+/!C!6&0!9&$%!1((/!*+-!*!/&'041!
&6!)1*$!C!./!*+&$%10!;*,!$&!1+%*+41!#&4*#!6&&-!
/14'0.$,7!!B%.4G1+/!*01!01#*$.:1#,!1*/,!$&!0*./13!
%&;1:10!4&+/.-10*$.&+!)'/$!91!(.:1+!$&!
611-.+(3!4#1*+.+(!*6$103!*+-!%&'/.+(!$%1)7!!F$!
)*,!)*G1!/1+/1!.+!)*+,!+&0$%10+!#&4*#1/!$&!
9'$4%10!4%.4G1+/!.+!$%1!6*##!*+-!/$*0$!*(*.+!
;.$%!+1;!4%.4G/!.+!$%1!/20.+(!$&!*:&.-!$%1!
4&/$/!&6!*!%1*$1-!4%.4G1+!4&&2!$%0&'(%&'$!$%1!
;.+$107!

+

!

!

+

+

+

$%*1.&%5!3,1-35!-+.!>+F)+,*&'I#!!;0+*+!>.1@&*!N%C'!D0%.5&1#!

D0&>61'!I.+C'!&'!9%B+C@1'![5\8!>+F)%.1@!*+!!

I.+>1.?!,*+.1!>0&>61'![.\#!!!

;0+*+!>.1@&*!D%.+5!E%'+--,6?!!

!
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!

>4$-!+?/)0#)(+

R&01/$0,3!).+.+(3!%,-0&3!&.#!/*+-/!*+-!&$%10!.+-'/$0.*#!
*+-!(&:10+)1+$*#!*4$&0/!*01!&6$1+!)*+-*$1-!$&!
014#*.)!*+-!016&01/$!*01*/!*6$10!$%1,E:1!-*)*(1-!
$%1)7!!"!2#*+$!+'0/10,!9'/.+1//!(0&;/!2#*+$/!*+-!
$011/!6&0!'/1!.+!016&01/$*$.&+!*+-!014#*)*$.&+7!!F+!
*--.$.&+!$&!$%1!4&))104.*#!:.*9.#.$,!&6!$%./!9'/.+1//3!
20&:.-.+(!1)2#&,)1+$!*+-!01:1+'1!/$01*)/3!'/.+(!
+*$.:1!2#*+$!/214.1/!$&!014#*.)!*+!*01*!./!*#/&!*+!
1+:.0&+)1+$*##,!01/2&+/.9#1!*+-!91+16.4.*#!20*4$.417!+

!

]# (*01.!Y@H&>1!

• L&0G!$&!(1$!4&))'+.$,!9',I.+7!!e/1!4&))'+.$,!0*-.&3!#&4*#!+1;/2*210/3!

4&))'+.$,!)11$.+(/3!*!;19/.$13!R*419&&G!2*(1!*+-M&0!1)*.#!$&!9'.#-!

/'22&0$!*+-!6&/$10!1+(*(1)1+$7!

• D1!210/./$1+$!*+-!2#*+!6&0!$%1!#&+(!$10)n!a&+E$!(1$!-./4&'0*(1-!;%1+!

4%*##1+(1/!.+1:.$*9#,!*0./17!

• D1!4&##*9&0*$.:1N!;&0G!;.$%!/4%&&#/3!%1*#$%!*'$%&0.$.1/3!1#-10/3!*##!#1:1#/!&6!

(&:10+)1+$3!*+-!5&.+!01#1:*+$!*//&4.*$.&+/!*+-!+1$;&0G/!6&0!/'22&0$7!

!

^# _31,*&+',!*+!Y,6!A1-+.1!A1I&''&'I!

1.22/-3!(+7-6$6#2#-!+

• L%*$!./!$%1!4&))'+.$,E/!/%&0$!$10)!M!#&+(!$10)!:./.&+3!*+-!%&;!-&1/!*!
(011+%&'/1!/'22&0$!$%*$!:./.&+f!

• H&;!/.)2#1!&0!/&2%./$.4*$1-!-&1/!$%1!(011+%&'/1!&210*$.&+!+11-!$&!91!$&!
)11$!$%1!4&))'+.$,E/!.+$101/$f!

• F/!$%1!4&))'+.$,!.+$101/$1-!.+!401*$.+(!5&9/!*+-M&0!)*G.+(!20&6.$3!&0!-&1/!
$%1!4&))'+.$,!;*+$!*!+&$I6&0!20&6.$!9'/.+1//!)&-1#!;%101!601/%!6&&-!./!
20&:.-1-3!#*9&'0!./!:&#'+$1101-!*+-!$%1!20&-'41!./!/%*01-f!

• L%*$E/!$%1!4&))'+.$,E/!#1:1#!&6!4&)).$)1+$!.717!$.)1!*+-!)&+1,!6&0!$*G.+(!
&+!$%./!:1+$'01f!

• F/!$%101!4&))'+.$,!#1*-10/%.2!;.$%!2&//.9#1!/'441//.&+!2#*++.+(!$&!1+/'01!
$%1!#&+(!$10)!:.*9.#.$,!&6!&210*$.&+/f!

@$)'#!+:#2$-*+

• L%*$!*01!$%1!4'001+$!6&&-/!4&+/')1-!.+!$%1!4&))'+.$,f!
• L%*$!./!$%1!/.J1!&6!$%1!)*0G1$f!
• "01!$%101!6&&-!4*$10.+(!&22&0$'+.$.1/!$&!#&4*#!4*)2/![17(7!).+.+(3!6&01/$0,\3!

*+-!%&;!9.(!-&1/!$%*$!/10:.41!4&+$0*4$!+11-!$&!91!6&0!4&/$I16614$.:1+1//f!

E11@5&'I,!%*!*01!:&)&!$+3'*%&'!

/%*&H1!;5%'*,!/3.,1.?!+'!E*#!$%.?7,!

L1,1.H18!AD#!!;0+*+!>.1@&*!$&>0%15!

P11-1.!!



!

!

!
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!

• L%*$!*01!$%1!#&4*#!-.1$/!*+-!%&;!-&1/!4'#$'01!*6614$!$%1!.+$0&-'4$.&+!&6!+1;!
6&&-/f!

• L%*$!*01!$%1!+&+I6&&-!/10:.41/!$%*$!*!(011+%&'/1!4&'#-!20&:.-13![17(7!$011!
$0*+/2#*+$/!6&0!6&01/$0,!*+-!).+.+(!014#*)*$.&+!&210*$.&+/\f!

9$A./)+8/==4(+

• L%*$!*01!$%1!4&)21$1+4.1/!*+-!).+.)')!1-'4*$.&+!01@'.01)1+$/!.+!0'++.+(!
*!(011+%&'/1!&210*$.&+f!

• L%*$!*01!$%1!/%&0$!$10)!*+-!#&+(!$10)!$0*.+.+(!01@'.01)1+$/!*+-!*//&4.*$1-!
4&/$/!$&!*--01//.+(!$%1!/G.##/!+11-1-!$&!&210*$1!$%1!(011+%&'/1f!!

• L%*$!./!$%1!4&/$!&6!%.0.+(!$%1!#*9&'0!+141//*0,!$&!)*+*(1!*+-!&210*$1!$%1!
(011+%&'/1f!

• L%*$!#1:1#!&6!:&#'+$110!#*9&'0!./!*:*.#*9#13!*+-!%&;!4&+/./$1+$M#&+(I$10)!./!
.$!#.G1#,!$&!91f!

B#0./)&#0+

• L%*$!./!$%1!/&'041!&6!;*$10!*+-!.$/!@'*+$.$,!*+-!@'*#.$,f!
• L%*$!*01!$%1!1+10(,!*+-!2&;10!/&'041/f!

• L%*$!*01!$%1!4*2.$*#!01/&'041/!$%*$!4&'#-!91!$*221-!$%0&'(%!9'.#-.+(!
01#*$.&+/%.2/!*+-!2*0$+10/%.2/!17(7!).+.+(3!6&01/$0,!4&)2*+.1/f!

• L%*$!*01!$%1!/%&0$!$10)!*+-!#&+(!$10)!$0*.+.+(!01@'.01)1+$/!*+-!*//&4.*$1-!
4&/$/!$&!*--01//.+(!*!/G.##1-!#*9&'0!/%&0$*(1f!!

• L%*$!*01!$%1!01/&'041!)*+*(1)1+$!/$0*$1(.1/!6&0!$%1!1+10(,!611-!/$&4G/!6&0!
;&&-,!9.&)*//!%1*$.+(f!

C#&"-.4.63#0+

• L%*$!*01!$%1!*(0&+&).4/!6&0!(0&;.+(!6&&-!*+-!+&+I6&&-!4&))&-.$.1/3!
.+4#'-.+(!21/$!)*+*(1)1+$3!(0&;$%!)1-.')3!#.(%$3!$1)210*$'013!%').-.$,3!
*.0!1<4%*+(13!91$$10!*-*2$1-!40&2!4'#$.:*0/3!1$47f!!

• L%*$!*01!*220&20.*$1!:*0.1$.1/!&6!;*0)!*+-!4&&#!/1*/&+!:1(1$*9#1/!*+-!
60'.$/!$%*$!4*+!91!(0&;+!16614$.:1#,!.+!+&0$%10+!(011+%&'/1!&210*$.&+/f!!

• L%*$!*01!$%1!)&/$!4&/$!16614$.:1!9'.#-.+(!)*$10.*#/!$&!91!'/1-!17(7!-&'9#1!
;*##1-!2&#,3!.+/'#*$1-!/%*-1/3!1$47f!

• L%.4%!$14%+&#&(.1/!*01!$0.1-!*+-!$0'1!*+-!4*+!91!&210*$1-!*+-!)*.+$*.+1-!
9,!#&4*#!/$*66f!.717!L%*$!*01!$%1!)&/$!*220&20.*$1!$14%+&#&(.1/!(.:1+!$%1!
1<./$.+(!#*9&'0!/'22#,!$&!/'22&0$!.$f!

• L%*$!*01!$%1!*#$10+*$.:1!1+10(,M2&;10!$14%+&#&(.1/!$%*$!4*+!/'9/$.$'$1!6&0!
-.1/1#!*+-!20&2*+13!17(7!9.&)*//![;&&-3!2#*+$!)*$10.*#/\3!9.&6'1#![9.&-.1/1#3!
1$%*+&#\3!9.&(*/![9.&I-.(1/$.&+!60&)!40&2/3!)*+'013!6&&-!9,I20&-'4$/3!#*+-6.##!
(*/\3!/&#*03!;.+-3!$%10)*#!/.+G/3!1$47f!!

• L%*$!*01!$%1!20&:1+!91/$!20*4$.41!$14%+&#&(.1/!.+!01(*0-/!$&!1+10(,!166.4.1+$!
&2$.&+/!6&0!%1*$.+(3!4&&#.+(!*+-!#.(%$.+(3!17(7!K$.0#.+(!1+(.+13!`Ya!#.(%$/f!

+

+



!

!

!
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!

7&.-.23&0++

• F/!$%101!*441//!$&!#&4*#3!20.:*$1!&0!(&:10+)1+$*#!6'+-.+(!$&!4&:10!$%1!4*2.$*#!
.+:1/$)1+$!*/!;1##!*/!&210*$.+(!4&/$/f!

• L%*$!./!$%1!)&/$!#.G1#,!9'/.+1//!20&2&/.$.&+[/\!$%*$!91/$!*#.(+/!;.$%!$%1!
4&))'+.$,E/!:./.&+!*+-!*/2.0*$.&+/f!

• "01!$%101!+.4%1!)*0G1$!&22&0$'+.$.1/!$&!2'0/'1f!
• L%*$!*01!$%1!14&+&).1/!&6!/4*#1!*+-!/.J1!$&!4*2$'013!1/214.*##,!&$%10!'/1/!&6!

$%1!%1*$!/&'0413!17(7!$%0&'(%!*!-./$0.4$!%1*$.+(!/,/$1)!'/.+(!/4%&&#/!*+-!&$%10!
9'.#-.+(/f!

• L%*$!*01!$%1!(&:10+)1+$!6.+*+4.*#!*//./$*+41!20&(0*)/!$%*$!4*+!91!'/1-!$&!
.+.$.*$1!*+-!2*,!6&0!/$*0$I'2!4&/$/f![17(7!"9&0.(.+*#!"66*.0/!*+-!8&0$%10+!
a1:1#&2)1+$!B*+*-*!I!Y4&IY+10(,!_0&(0*)3!61-10*#M20&:.+4.*#!(&:10+)1+$!
P0&;.+(!R&0;*0-!20&(0*)/3!1$47\!

• L%*$!#1:1#!&6!/'22&0$!4*+!Y4&+&).4!a1:1#&2)1+$!B&02&0*$.&+/!&0!.+-'/$0,!
20&:.-1f!!

"`# !E+3.>1,!+-!E3))+.*!%'@!T'-+.F%*&+'!

"#)&/$!*##!20&:.+41/!*+-!$100.$&0.1/!%*:1!*(0.4'#$'0*#!&0!(011+%&'/1!/214.*#./$/!*+-!
*-:./&0/!;%&/1!)*+-*$1!.$!./!$&!20&:.-1!.+6&0)*$.&+!&+!/$*0$.+(!(*0-1+/!*+-!
(011+%&'/1/7!!B%14G!,&'0!20&:.+4.*#!&0!$100.$&0.*#!;19/.$1!$&!(1$!$%1!4&+$*4$!.+!,&'0!
01(.&+7!

e+.:10/.$.1/!*+-!4&##1(1/!*40&//!B*+*-*!)*,!%*:1!01/1*04%!&0!1-'4*$.&+*#!20&(0*)/!
$%*$!6.$!.+!;1##!;.$%!*!4&))'+.$,!(011+%&'/1!20&514$3!*+-!*01!;.##.+(!*+-!1*(10!$&!
&6610!/'22&0$!*+-!*-:.417!!A0,!4&+$*4$.+(!$%1!*(0.4'#$'013!1+(.+110.+(3!(1&(0*2%,!
*+-!&$%10!-12*0$)1+$/!*+-!4&##1(1/!6&0!*//./$*+413!&0!$0,!$%1!'+.:10/.$,!&0!4&##1(1E/!
&'$01*4%!-.014$&07!!

A%101!*01!*!+')910!&6!+&0$%10+3!$100.$&0.*#3!20&:.+4.*#!*+-!+*$.&+*#!*//&4.*$.&+/!*+-!
+1$;&0G/!6&0!(*0-1+.+(!*+-!(011+%&'/1!(0&;10/7!!A%101!*01!*#/&!*!+')910!&6!*4$.:1!
4&))'+.$,!(011+%&'/1/!.+!$%1!+&0$%O!.$E/!;&0$%!*!2%&+1!4*##!&0!*!:./.$!$&!/11!;%101!
&$%10/!%*:1!%*-!4%*##1+(1/!*+-!/'441//1/7!!"#/&!90&;/1!$%0&'(%!$%1!#./$!&6!
4&+6101+41!2*0$.4.2*+$/3!.+!*221+-.<!T3!6&0!2&$1+$.*#!/&'041/!&6!*//./$*+41!*+-!
.+6&0)*$.&+7!!"(0.4'#$'01!*+-!"(0.IR&&-!B*+*-*!)*,!*#/&!%*:1!$14%+.4*#!/'22&0$!
*:*.#*9#1!6&0!$%./!$,21!&6!20&514$O!4*##!,&'0!01(.&+*#!&'$01*4%!&66.41!6&0!/'22&0$!
c%$$2NMM;;;V7*(07(474*M""RBI""BM-./2#*,I*66.4%107-&f.-Z==o=XgT>TUTU=p#*+(Z1+(d7!

!

!

9+.6,0+)!D+aD0%&.,!

a07!H1*$%10!Y<+103!F+$10+*$.&+*#!B1+$01!6&0!8&0$%10+!P&:10+*+41!*+-!a1:1#&2)1+$3!
e+.:10/.$,!&6!K*/G*$4%1;*+!

c%1*$%1071<+10q'/*/G74*d!

!



!

!

!

 

ICNGD | U of S               Guidelines for Establishing a Northern Greenhouse Project               Page 16 of 27 

!

a07!k*01+!A*+.+&!

_0&61//&0!&6!_#*+$!K4.1+41/3!e+.:10/.$,!&6!K*/G*$4%1;*+3!*+-!`1*-3!e+.:10/.$,!&6!$%1!
"04$.4!A%1)*$.4!81$;&0G!&+!R&&-!K14'0.$,!

cG*01+7$*+.+&q'/*/G74*!d!

!

Y,,+>&%*&+',!%'@!;.+I.%F,!

A100.$&0.*#!R*0)10/!"//&4.*$.&+!

c%$$2NMM;;;76*0)+;$74&)Md!

!

h'G&+!"(0.4'#$'0*#!"//&4.*$.&+!

c%$$2NMM;;;7,'G&+*(74*Md!

!

Q*+.$&9*!8&0$%10+!H1*#$%,!R&&-/!F+.$.*$.:1!

c%$$2NMM;;;7(&:7)974*M*+*M+%6.7%$)#d!

!

F+':.G!P011+%&'/1!

c%$$2NMM;;;7.+':.G(011+%&'/174&)Md!

!

F@*#'.$!B&))'+.$,!P011+%&'/1!K&4.1$,!

c%$$2NMM.@*#'.$(011+%&'/174&)Md!

!

_0&6.#1/!&6!R&&-!K14'0.$,!"4$.:.$.1/!.+!F+'.$!B&))'+.$.1/!

c%$$2NMM*04%.:1/7*#(&)*'74*M-0'2*#^M/.$1/M*04%.:1/7*#(&)*'74*M6.#1/M>U=>I
>XrUUVrU=T72-6d!

!

8&0$%10+!R&&-!81$;&0G!!

c%$$2NMM6&&-/14'014*+*-*7&0(M;196&0)M+&0$%10+I6&&-I+1$;&0Gd!

!

2+H1.'F1'*!

?'$01*4%!a.014$&0!"(0.4'#$'01!*+-!"(0.IR&&-!B*+*-*!`&4*#!?'$01*4%!?66.41!
[D&01*#!Y4&J&+1\!!
>=UT!I!==$%!":1+'1!!b1(.+*3!K*/G*$4%1;*+!!KV_!V`>!!B*+*-*!
A1#12%&+1!N!!TU^IWoUIX=XT!



!

!

!
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!

R*<!N!!TU^IWoUI^WWo!
!

M@3>%*&+'!%'@!:.%&'&'I!!

H')*+!b1/&'041/!*+-!KG.##/!a1:1#&2)1+$!B*+*-*N!
Y//1+$.*#!KG.##/N!P011+%&'/1!Q*+*(10/!*+-!?210*$&0/!

c%$$2NMM;;;=U7%0/-47(474*MY+(#./%MK%&;_0&6.#17*/2<f:ZV=Ud!

!

e+.:10/.$,!&6!K*/G*$4%1;*+!a./$*+41!B10$.6.4*$1!.+!_0*.0.1!H&0$.4'#$'01![.+4#'-.+(!*!
(011+%&'/1!/$01*)\!

c%$$2NMM44-17'/*/G74*M2%4d!

!

A3,&'1,,!D+'*%>*,!

A%1!6&##&;.+(!*01!G+&;+!/'22#.10/3!-1/.(+10/3!4&+/'#$*+$/!*+-!20&514$!)*+*(10/!&6!
2&#,!$'++1#/3!(011+%&'/1/3!*+-!1+10(,!20&-'4$.&+7!!A%1.0!#./$.+(!%101!./!6&0!
.+6&0)*$.&+!2'02&/1/!*+-!./!+&$!.+$1+-1-!*/!*+!1+-&0/1)1+$7!

!

Q'00*,!P',![(011+%&'/1!-1/.(+\!

F+$1(0*$1-!a1/.(+/!

c%$$2NMM;;;7.I-1/.(+/74*Md!

!

B%*0#.1!K11910(![(011+%&'/1!-1/.(+\!

_014.<!"04%.$14$'0*#!K4.1+41/!

c%$$2NMM2014.<*074&)Md!

!

"#.*!`*)**-*0!

B#1*+$14%!B&))'+.$,!P*$1;*,![(011+!$14%+&#&(,!20&514$!)*+*(1)1+$!6&0!01)&$1!
4&))'+.$.1/\!

c%$$2NMM4$4(7&0(Md!!

!

D.##!K;*+![4&))'+.$,!(011+%&'/1!4&+/'#$*+$\!

P011+)*+!K'/$*.+*9#1!K&#'$.&+/!

c9.##q(011+)*+/'/$*.+*9#174*d!

!



!

!

!
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!

b&9.+!a*04,![20&514$!)*+*(1)1+$\!

"(0.$1*)!B*+*-*!

c%$$2NMM;;;7*(0.$1*)74*M1+Md!

!

H*00,!Y-;*0-/![2&#,M%.(%!$'++1#!/'22#.10\!

H*,(0&:1!A'++1#/!W=W7^U^7oU>=!

c%$$2NMM;;;7%*,(0&:174&7'GM2&#,$'++1#/M6*0)I2&#,$'++1#/M/&#&I
/10.1/Mf#*+('*(1Z1+(d!

!

s.)!P*##*+$![K)*##!2&;10!2#*+$!-1/.(+3!4&+/$0'4$.&+!*+-!&210*$.&+\!

b1)*/4&![X=g\!gggIV^Wo!

c%$$2NMM;;;701)*/4&74*Md!

)

)

)

)

)

)

C"#0#+,/3*#43-#0+$)#+*#*3&$!#*+!.+!"#+2#2.)(+.D+:$E-+1"$)43#+.D+93!!4#+8$42.-F

1$)2$&'0G+H/'.-I



)

"221+-.<!=N!8&0$%10+!P011+%&'/1!"(1+-*!

!

.*'/"(')$0**1$2(3+'4/#5$

6"($&'(()"*+,($2*7+/4*)$
!

/+H1FB1.!Wa]8!Q`"Q!

a1#$*!b&&)3!A0*:1#&-(1!H&$1#!
K*/G*$&&+!K*/G*$4%1;*+!

!

!

9MN/MENYK8!/(bM$AML!W!

2*34*893*)*:43$;,<(3/,$*=$2+,/%4)%>7($.*'/"(')$&'(()"*+,(,$
!

D+--11!%'@!$3--&',!

oN=XIgNUU!
!
915>+F1!

gNUUIgNTU!

• k1+!B&*$1/3!B&Ia.014$&03!b1/1*04%3!FB8Pa!*+-!B*+*-*!b1/1*04%!B%*.0!.+!
b1(.&+*#!F++&:*$.&+!

• k*01+!A*+.+&3!_0&61//&03!_#*+$!K4.1+41/3!e!&6!K!*+-!`1*-103!e"04$.4!A%1)*$.4!
81$;&0G!&+!R&&-!K14'0.$,!

!
E1,,&+'!"<!(3*5&'&'I!*01!D0%551'I1,!

gNTUI=UN=X!

• D0.*+!H'+$3!P&:E$!&6!Q*+.$&9*3!L.++.21(!QD!!
?.)!"#)-+,)##-"./0#+C#&"-.4.63#0+$-*+J/!&.2#0K+9#00.-0+D).2+9#$D+B$=3*0G+

@$-3!.A$+

• P#1+!K;11$)*+3!P&:10+)1+$!&6!K*/G*$4%1;*+!Q.+./$0,!&6!"(0.4'#$'01!
L"$!+H./+?##*+!.+M-.E+%#D.)#+H./+%/34*+$+,)##-"./0#+

D+--11!A.1%6!

=UN=XI=UNTU!
!
E1,,&+'!Q<!D+FF3'&*?!;1.,)1>*&H1,!

=UNTUI=>NUU!

• Y##1+!":*0-3!e`*:*#M!k'55'*@3!iB!!
C"#+M//NN/$<+,)##-"./0#+>).N#&!K+1"$44#-6#0+$-*+>#)0=#&!3O#0+

• D.##!K;*+!*+-!a*#1!L.#G103!P0&'+-/;1##!81$;&0G!K&4.1$,+
C"#+P-O#)2#)#+1.22/-3!(+,)##-"./0#+P-3!3$!3O#K+L"$!+L#QO#+9#$)-#*+

• a*;+!B%*0#.13!B*0)*4G/!P011+%&'/13!hk!!



!

!

!
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!

;-+;*O#-!/)#+3-+R3)0!+?$!3.-+,$)*#-3-6+$-*+,)##-"./0#+3-+!"#+R$)+?.)!"++

• P1+1!H*4%1,3!P&:10+)1+$!&6!8LA!
C"#+?LC+,).E3-6+R.)E$)*+82$44+8&$4#+R..*0+>).6)$2+

43'>0!

=>NUUI=NUU!
!

E1,,&+'!R<!X++@!T',1>3.&*?8!/+.*01.'!=1%5*08!%'@!YB+.&I&'%5!N&1*,!

=NUUI>N=X!

• P.$*!K%*0)*3!e+.:10/.$,!&6!"#910$*!!
:#O#4.=3-6+?/!)3!3.-+P-!#)O#-!3.-+>).6)$20+3-+P0.4$!#*+1.22/-3!3#0K+!"#+

S#$4!"(+R..*0+?.)!"+@.*#4+

• s&1!Q'+0&13!Q'/G&-*,3!Kk!!
P-*36#-./0+R..*+8(0!#20+

• B*0&#!K*+&66/G,3!D*,#.+1!b1(.&+*#!b&'+-$*9#13!Q*+.$&9*!
C)$*3!3.-$4+R..*0+T+@#*3&3-$4+S#)A0+

D+--11!A.1%6!

>N=XI>NTU!
!
E1,,&+'!S<!:.%&'&'I8!MF)5+?F1'*!%'@!M>+'+F&>!N1H15+)F1'*!

>NTUIVNUU!

• `*00,!`1+$&+3!"(0.IR&&-!B*+*-*3!Kk!
L"$!+$)#+!"#+1)3!3&$4+8/&&#00+R$&!.)0+3-+J=#)$!3-6+$-+7&.-.23&$44(+U3$A4#+

?.)!"#)-+,)##-"./0#V+F+C"#+R#*#)$4+,.O#)-2#-!+L$-!0+!.+M-.EW+

• A&)!"##1+3!e!&6!K!!
7&.-.23&$44(+8/0!$3-$A4#+>).*/&!3.-+.D+U#6#!$A4#0+3-+!"#+?.)!"K+P0+3!+>.003A4#V+

• Q.4%*1#!k116103!A.2.!Q&'+$*.+!8*$.:1!_#*+$/3!K$7!Q*0,E/!b1/10:13!DB!!
C)3$40+$-*+C)3A/4$!3.-0+3-+!"#+:#O#4.=2#-!+.D+$+1/4!/)$44(+$-*+7&.-.23&$44(+

U3$A4#+?$!3O#+>4$-!+?/)0#)(+%/03-#00+

• D1+!t&//3!Q`AB!b1/&'041!a1:1#&2)1+$!F+47!
7&.-.23&+:#O#4.=2#-!+$-*+%3.2$00K+C"#+@#$*.E+9$'#+%3.#-#)6(+1#-!)#+

!

L1>1)*&+'!

VN=XIXNTU!
"221$.J10/!*+-!B*/%!D*0!

!

:=cLENYK8!/(bM$AML!]!

6(3")43%7$;,<(3/,$*=$.*'/"(')$&'(()"*+,($?(,4@)$$
!

D+--11!%'@!$3--&',!

oN=XIgNUU!



!

!

!
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!

E1,,&+'!V<!2.11'0+3,1!N1,&I'!!

gNUUI=UNTU!

• A*+(!`113!e+.:10/.$,!&6!B*#(*0,!!
;</$&/4!/)#+3-+,)##-"./0#0+D.)+8(-#)6#!3&+X0#+E3!"+U#6#!$A4#+>).*/&!3.-+

• K$12%1+!Q&&+1,3!h'G&+!b1/1*04%!B1+$01!
R./)+8#$0.-+,)##-"./0#F+:#036-3-6+D.)+$+1.4*+1432$!#!!!

• H'.@.+(!P'&3!e!&6!K!!
7-#)6(+7DD3&3#-!+,)##-"./0#0+3-+8$0'$!&"#E$-+$-*+%#(.-*+

• Q'00*,!P',3!F+$1(0*$1-!a1/.(+/3!K*/G*$&&+!Kk!!
P0+C"#)#+$+%/03-#00+1$0#+D.)+$+>$003O#+8.4$)+,)##-"./0#+P-*/0!)(+3-+!"#+?.)!"V+

D+--11!A.1%6!

=UNTUI=UNVX!
!
E1,,&+'!J<!2.+C&'I!D.+),!

=UNVXI=>N=X!

• u.').+(!H*&3!"(0.IR&&-!B*+*-*3!H*00&;3!?8!!
>.!#-!3$4+C#&"-.4.63#0+D.)+?.)!"#)-+,)##-"./0#0+

• s&1,!t.##1+1':13!e`*:*#3!iB!+
?.)!"#)-+,)##-"./0#+C#&"-.4.6(+$-*+1.2=4#!#+,).E3-6+8(0!#20+

• Q.G1!a.<&+3!e!P'1#2%!+
72#)63-6+C#&"-.4.63#0+D.)+R..*+>).*/&!3.-+3-+1"$44#-63-6+7-O3).-2#-!0+

• Q10.*)!k*0#//&+3!e"R3!R*.09*+G/3!"#*/G*!+
936"!+$-*+936"!3-6+J=!3.-0+D.)+?.)!"#)-+,)##-"./0#0+

43'>0!

=>N=XI=NUU!
!

E1,,&+'!W<!Y5*1.'%*&H1!M'1.I?!()*&+',!-+.!2.11'0+3,1!=1%*&'I!%'@!4&I0*&'I$

=NUUI>NTU!

• a*:.-!"0G1##3!T^UY+10(,3!?8!!
C"#+Y./)-#(+!.+7-#)6(+7Z&#44#-&#+D.)+?.)!"#)-+,)##-"./0#0+

• B%*0#.1!K11910(3!_014.<!"-:*+41-!B'$$.+(!A14%+&#&(.1/3!`*+(#1,!DB!!
7Z!#-*3-6+!"#+,).E3-6+8#$0.-+.D+!"#+P<$4/3!+8#$0.-$4+,)##-"./0#+

• a*04,!k&J&0.J3!K*/G_&;10!
8/==.)!3-6+9.&$4+7-#)6(+>).*/&!3.-K+8$0'>.E#)Q0+?#!+@#!#)3-6+$-*+82$44+

>).*/&#)Q0+>).6)$20+

• B%0./!s*)1/3!K*/G*$4%1;*+!b1/1*04%!B&'+4.#!
@3&).+1.2A3-#*+S#$!+$-*+>.E#)+[1S>\+C#&"-.4.6(!

D+--11!A.1%6!

>NTUI>NVX!
!



!

!

!
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!

E1,,&+'!]<!$+H&'I!X+.C%.@<!N1H15+)&'I!&+41(74)(,$=*'$9,/%>74,"4)@$%$.*'/"(')$

&'(()"*+,($$

A'*B(3/![2.+3)!N&,>3,,&+'!%'@!A.1%6+3*!E1,,&+'\!

>NVXI!VNUU!

• Q&-10*$1-!9,!k*01+!A*+.+&3!_0&61//&03!_#*+$!K4.1+41/3!e!&6!K!*+-!`1*-103!
e"04$.4!A%1)*$.4!81$;&0G!&+!R&&-!K14'0.$,!
!

!

9)1$*=$C*)=('()3($

$

!

()*&+'%5!9+.6,0+)<!21**&'I!*01!$+,*!b1I1*%B51!;.+@3>*&+'!(3*!+-!K+3.!

/+.*01.'!2.+C&'I!M'H&.+'F1'*!

VNTUI^NUU!

• `1-!9,!a&'(!L*-'$'$;)C$%6'22%$)%6)C,+1-)B04'10'2;)E)%6)B



"221+-.<!A;&!R*4.#.$*$1-!D01*GI?'$!K1//.&+!!

!"#$$%&'()(*+##&,-./#("$+)$#'0(1-+(2-+$,#+&(3)&)4)5((

6)++%#+/7"-8.$%-&/9(:;;-+$.&%$%#/()&4(2#<$("$#;/=((

!"#$"%#&'(&$#()*+,%#&'(-./0(12(3(

4&,,5",%(&$#(6.7+85.$%( 9::.,8+$585"%(

;< =.>>+$58'(?+'@5$(

• F'641415)+)#3$#%2')6%$)-*')

5$''1*%32'G)0%""314-/)('&',%#"'1-)

%$)0%""'$04+,).3241'22H))>*+-)42)-*')

"%(',H)

• I3241'22)"%(',H))A%""314-/=

('&',%#"'1-)"%(',H)

• B/2-'"2=-*41?415===(466'$'1-)

+##$%+0*'2J(+-+;)2%04+,)416%K)

• A%""314-/=41&%,&'"'1-;)03,-3$'=

2#'04640;)%<1'$2*4#)./)0%""314-/K)

(

A< B&CD(.E(8,&5$",%F7"&#",%(

• B?4,,2;)'1-$'#$'1'3$4+,42";)%-*'$)-/#'2)

%6)'(30+-4%1;)'15+5'"'1-)

• 8+0?)%6)?1%<,'(5')+1()-$+41415K)

• L31(4157,'1(415)-*+-)42)'+24,/)

+00'224.,'7232-+41+.,'K)

• !1(32-$/)42)*45*=-'0*;)*45*=41&'2-"'1-)

+1()*45*=$42?K)

• 8+0?)%6)?1%<,'(5')%6)5$%<415;)

#$%0'22415;)2-%$+5'K)

• E1('$2-+1(415)-*').+$$4'$2)M#+$'1-2;)

"'1-%$2N)

• !"#%2415)2%3-*'$1)(4'-)%$)-$+(4-4%1+,)

6%%(2H)

• F420%11'0-).'-<''1)$'2'+$0*'$2)+1()

5$%<'$2K))O1%<,'(5')-$+126'$)5+#K)))

• P&+4,+.4,4-/)%6)'(30+-4%1)+1()-$+41415K))

;< G.H",(I"$",&85.$(JH&%8"(*"&8<(

• E2')%6)<+2-')#$%(30-2J0%"#%2-415)

#$%5$+"2;)#+$-1'$2*4#2)<4-*)6%%()

41(32-$4'2)6%$)<+2-'K)

• Q'<)232-+41+.,')-'0*1%,%5/)42)<',,)

+00'#-'()41)-*')1%$-*K)

• R'2%3$0'2)6%$)1'<)-'0*1%,%54'2)

• A+$.%1)-+D)

(

A< K$C,"&%"(8*"($+8,585.$(&$#(L+&758'(.E(

8*"(E..#0(

• Q3-$4-4%1)41)-*')1%$-*J'K5K)S4-+)

B*+$"+T2)#$%5$+"K)

• R'0,+4")(4'-2)%6)-*')#+2-K)

• A%""314-/)?4-0*'12K)

• Q''()-%)'D#+1()2'+2%1+,)'+-415K)

(

M< N#+C&85.$(.E(8*"(C.>>+$585"%(5$(

*.,85C+78+,"0(((

• U$+41=-*'=-$+41'$K))P00$'(4-+-4%1;)

*+1(2=%1;)-$+41415)#%224.4,4-4'2K)

• U$+41415)%6)-*')#'%#,')41)

5$''1*%32')"+1+5'"'1-K)

• :#-4%12)6%$)(42-+10'),'+$1415K)

• :#-4%12)6%$)#''$=-%=#''$),'+$1415K)

(

O< 4"88",(C.$%+78&85.$(H58*(

C.>>+$585"%2(H*&8(8*"'(H577(?,5$I(

8.(8*"(:,.P"C82(8*"5,(7"&#",%(&$#(



!

!

!
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!

(

!

• B''(2)-*+-)"''-)-*')$45*-)0%1(4-4%12)

6%$)1%$-*'$1)0%1(4-4%12J*'$4-+5')

2''(2K)

• A%"#,'D4-/)+1()-'0*140+,)2?4,,2)

$'V34$'()41)+)5$''1*%32'K)

• C%%$)2%4,2)%$),+0?)-*'$'%6K)

(

M< N$",I'2(8"C*$.7.I'2(75I*8(&$#(*"&85$I0(

• P00'22)6%$)"+-'$4+,2)-%).34,()

5$''1*%32'2K))@45*)-$+12#%$-)0%2-2K)

• S'%5$+#*40;)0,4"+-407<'+-*'$)4223'2)

#,+/415)*+&%0)<4-*)-'0*1%,%5/K))

• Q''()6%$)411%&+-4&'),%<)-'0*)('24512)

M'K5K)W3?%1)#$%(30'$2)$'V3'2-)6%$)+)

24"#,')5$''1*%32'NK)

• :1')('2451)(%'2)1%-)64-)+,,===.3-)42)

-*'$')+).+24070%""%1)534(',41'H)))

(

O< Q+77(C.%8(&CC.+$85$I(

• S$''1*%32'2)"+/)0%2-)"%1'/;).3-)

+$')+)1'-)5+41)-%)-*')2/2-'")<*'1)

0%124('$415)*'+,-*)0%2-2;)6%%()

23.24(/)0%2-2;)&+,3')%6)204'10';)

-$+41415)+1()'(30+-4%1)-*'/)

#$%&4(';)-*')0%2-2)%6)31*'+,-*/)

0%""314-4'2))

• L41+10415)#%,40/===)1''()6%$)

#$%5$+"2)-%)#$%&4(')0+#4-+,K)

(

*.H(8*"'(H577(#"7"I&8"(

,"%:.$%5?57585"%0((

• A%""314-/)41&%,&'"'1-;).$415415)

-*')0%""314-/)-%5'-*'$)

(

R< 4+57#(&($"8H.,D(.E(,"%"&,C*",%(&$#(

I,.H",%2(:"",@8.@:"",2(:&$@S,C85C0(((

• F+-+=.+2'2K)))

• !1(45'1%32)6%%()2%&'$'451-/)5$%3#2)

41)%-*'$)0%31-$4'2K)

(

T< U&D"(VV(

(

1< G7&$8(?,""#5$I(E.,(8*"($.,8*0(

• Q+-4&'),%0+,)#,+1-)2#'04'2K))(

• C%2-=*+$&'2-)2-%$+5')+1()?1%<,'(5'K(

(

3< W$.H7"#I"(%*&,5$I(

• X40$%=,'1(415)"%(',2K))

• Q''()6%$)+)(+-+=.+2')6%$).3241'22)

#,+12;)1'-<%$?415)

• Q'<).3241'22)"%(',2)<*'$')

0%""314-4'2)Y%41)6%$0'2)6%$)-*'4$)

"3-3+,).'1'64-K)

• L41+10415)#$%5$+"2)-%)*',#)<4-*)3#=

6$%1-)0+#4-+,)0%2-2;)0%%#)#$%5$+"2K)

• A%"#'-4-4&')641+10415)%1)L4$2-)

Q+-4%12T).+1?415)

(



"221+-.<!A%011N!L&0G/%&2!_*0$.4.2*+$/!
!

/%F1! MF%&5! D+F)%'?!

"##1+3!Q*0.#,+! $&)7*##1+q'/*/G74*! e+.:7!&6!K*/G*$4%1;*+!

"##1+3!A&)!! $&)7*##1+q'/*/G74*! e+.:7!&6!K*/G*$4%1;*+!

"+-10/&+3!a&'(! -*+-10/&+q+&0$%;1/$74*! A%1!8&0$%!L1/$!B&)2*+,!
"+$&+&;.$/4%3!
b&#61! 0&#617*+$&+&;.$/4%q*(07(474*!

"(0.4'#$'01!*+-!"(0.IR&&-!
B*+*-*!

"0G1##3!a*:.-!! -*:.-7*0G1##qT^U1+10(,7+1$! T^U!Y+10(,!

":*0-3!Y##1+!! 1##1+7*:*0-7=q'#*:*#74*! `*:*#!e+.:10/.$,!

D*+$#13!s*4G.1! 5)9=>Wq)*.#7'/*/G74*! e!&6!K!_#*+$!K4.1+41/!

D10$1#/1+3!K$1661+! /$1661+7910$1#/1+q'/*/G74*! e!&6!K!_#*+$!K4.1+41/!

D&,103!k*$1! 4&)6,-.(/q/*/G$1#7+1$!
!D&,103!A100,! 4&)6,-.(/q/*/G$1#7+1$!
!D0**$1+3!B'0$./! .+6&q%*/G*241+$0*#74&)! H*/G*2!B1+$0*#!K*#1/!

D0*-3!b&910$! 0&910$790*-q'/*/G74*! e+.:7!&6!K*/G*$4%1;*+!

D'0G13!K'/*+! 4&)6,-.(/q/*/G$1#7+1$!
!B*003!K'/*+! /'/*+74*00q/*/G$1#7+1$! _0.+41!"#910$!Q&-1#!R&01/$!

B*$%&#.@'13!
H*++*%! H*++*rB*$%&#.@'1q(&:7+$74*! P8LA!

B%*0#.13!a*;+! -*;+70&/1)*0,q,*%&&74*!
`.$$#1!K*#)&+!B*0)*4G/!
P011+%&'/1!

B#.)1+%*(*3!a*04.! -*04.74#.)1+%*(*q%4I/47(474*! H1*#$%!B*+*-*!

B&*$1/3!k1+! G1+74&*$1/q'/*/G74*! e+.:7!&6!K*/G*$4%1;*+!

B&#1)*+3!B'0$./! 4'0$./54&#1)*+q()*.#74&)! R01/%!+!`&4*#!

B&&G3!a*001+! -*001+74&&Gq*(07(474*!
"(0.4'#$'01!*+-!"(0.IR&&-!
B*+*-*!

B&'#$103!P#1++! >4&'#$10q$1#'/7+1$! FT_!

aE"04,3!b&9.+! 0&9.+-q*(0.$1*)74*! "(0.$1*)!

a1,3!a1++./! --1,q$1#'/2#*+1$7+1$! "(0.$1*)!

a.<&+3!Q.G1!! )-.<&+q'&('1#2%74*! e+.:7!&6!P'1#2%!!

a#'(&/3!b&-+1,! 0&-+1,7-#'(&/q*(07(474*!
"(0.4'#$'01!*+-!"(0.IR&&-!
B*+*-*!

a&0;*0-3!B*.$#.+! 4*.$#.+-&0;*0-q()*.#74&)! k;*+$#1+!e+.:10/.$,!!

a,4G3!s'-.1! 5'-.1-,4Gq/%*;74*! "()*0!F+$10+*$.&+*#!Q*0G1$.+(!

Y+(#./%3!k*$.1! G*$.1+(#./%q()*.#74&)! a*;/&+!B.$,!4&))'+.$,!(*0-1+!
Y<+10I_.0&$3!
H1*$%10! %1*$%1071<+10q'/*/G74*! e+.:7!&6!K*/G*$4%1;*+!

R*:01*'3!B1#.+1! /-4Tq/*/G$1#7+1$!
K*G.$*;*G!a1:1#&2)1+$!
B&02&0*$.&+!

R.+4*$.3!b&910$! 06.+4*$.7;-+q/*/G$1#7+1$! L*%21$&+!a*G&$*!a1:!`_!

P*&3!v%'! J%(XTXq)*.#7'/*/G74*! e+.:7!&6!K*/G*$4%1;*+!

P*0-.+103!`1&! #1&7(*0-.+10q9+1-474*!
D'66*#&!8*00&;/!Y4&+&).4!a1:7!
B&02!



!

!

!
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!

P*,3!K*0*%! /(*,q+&0$%;1/$74*! A%1!8&0$%!L1/$!B&)2*+,!

P&#-%*03!B%0./$.+*! 4%0./$.+*r(&#-%*0q+'+*$/.*:'$74&)! 8'+*$/.*:'$!P&:$!

P0*%*)3!A%&)*/! $(0*%*)q'&('1#2%74*! e+.:10/.$,!&6!P'1#2%!

P'&3!H'.@.+(! %'.@.+(7('&q'/*/G74*! e+.:7!&6!K*/G*$4%1;*+!

P',3!Q'00*,! )(',q.I-1/.(+/74*! F+$1(0*$1-!a1/.(+/!F+47!

H*4%1,3!P1+1! P1+1rH*4%1,q(&:7+$74*! P8LA!

H*+3!s.+(5.+(!! 5.%V>^q)*.#7'/*/G74*! e+.:7!&6!K*/G*$4%1;*+!

H*&3!u.')&+(!! u.').+(7H*&q"Pb7PB7B"!
"(0.4'#$'01!*+-!"(0.IR&&-!
B*+*-*!

H*'9&#-3!"20.#! %*'9&#-q'+9474*! e8DB!

H.4G#1+$&+3!_1$10! 21$10%.4G#1+$&+q,*%&&74&)!
!H'+$3!D0.*+!! D0.*+7H'+$q(&:7)974*! P&:$!&6!Q*+.$&9*!

s*)1/3!B%0./! 5*)1/4q/047/G74*! KbB!

s&+*//&+3!B.+-,! -1+4.+q)$/7+1$! D*,#.+1!b1(.&+*#!b&'+-$*9#1!

k*0*#*/%3!"++*! *)G=W=q)*.#7'/*/G74*! e+.:7!&6!K*/G*$4%1;*+!

k*0#//&+3!Q10.*)! )(G*0#//&+q*#*/G*71-'! e+.:7!&6!"#*/G*!

k116103!Q.4%*1#! ).G1qG1161014&74&)! A.2.!Q&'+$*.+!8*$.:1!_#*+$/!

k&J&0.J3!a*04,!! -G&J&0.Jq/*/G2&;1074&)! K*/G_&;10!

k0'/13!k*$%,! )44*914011G6*0)q%&$)*.#74&)!
!`*6&+-3!B*0&#! 4#*6&+-q)'/G1(#*G174&)! Q'/G1(!`*G1!B011!8*$.&+!

`113!A*+(! #11q'4*#(*0,74*! e+.:!&6!B*#(*0,!

`1+$&+3!`*00,! #*00,7#1+$&+q*(07(474*! "(0.4'#$'01!!"(0.IR&&-!B*+*-*!

Q*0$.+3!"20.#!
! !Q*0'6'3!P.6$! (.6$7)*0'6'q'/*/G74*! e+.:7!&6!K*/G*$4%1;*+!

Q*$%.1'3!b1&#*! 01&#*7)*$%.1'q'/*/G74*! e+.:7!&6!K*/G*$4%1;*+!

Q4k*,3!s&/12%.+1! 5))X>Wq)*.#7'/*/G74*! e+.:7!&6!K*/G*$4%1;*+!

Q.##103!b&9.+! 0&9.+q0&9.+).##1074*!
!Q.0J*3!

Q&%,'--.+!! )&%,'--.+).0J*q()*.#74&)! "PP"!

Q&#*0&3!Q.4%*1#! ).4%*1#7)&#*0&q'/*/G74*! e+.:10/.$,!&6!K*/G*$4%1;*+!

Q&&+1,3!K$12%1+! /)&&+1,q,'G&+4&##1(17,G74*! B&#-!B#.)*$1!F++&:*$.&+!

Q'##.+.<3!k1+$! G1+$7)'##.+.<qG;*+$#1+74*!
!Q'+0&13!s&1!! 5)'+0&1q.+1$>UUU74&)! Q?PB!

8*.03!Q_Q!
! !?##101+/%*;3!s&%+! 5&%+&q*$%*9*/4*'74*! "$%*9*/4*!e+.:10/.$,!

_*2*-&2&'#&/3!
A&)!! (1&2&+&//q%&$)*.#74&)! "(0.$1*)!

i'.+$*#3!s&/%! 50@=U=q)*.#7'/*/G74*! B.$,!&6!K*/G*$&&+!

b*,3!K%*+1! /0*,q.I-1/.(+/74*! F+$1(0*$1-!a1/.(+/!F+47!

b1*03!`,++! #,++01*0q()*.#74&)! AHR8!

b&//3!A.)! $0&//q+&0$%;1/$74*! A%1!8&0$%!L1/$!B&)2*+,!

K*+&66/G,3!B*0&#!! 9*,#.+101(.&+*#0&'+-$*9#1q%&$)*.#74*! D*,#.+1!b1(.&+*#!b&'+-$*9#1!



!
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!

K4%*166103!s'/$.+! 5'/$.+/4%*16610q%&$)*.#74&)! e+.:7!&6!K*/G*$4%1;*+!
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