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Study on The Development and Economic Evaluation of
Solar Drying System for Wood Industry*

Hyoung-Woo Lee*

ABSTRACT

Experimental external collector type solar lumber dryer of 1o’ of maximum capacity with 1.

6m of collector area was designed and constructed.

The seasonal performance of solar dryer, including air-conditions, energy efficiency, and dry-

ing characteristics of 3cm-thick red pine and douglas-fir lumber was investigated.

economic analysis was carried out.

Also, the

Annual average solar drying rate was about 2 times faster than air-drying rate with no sig-
nificant difference in the amount of drying defects. But in initial drying stage air-drying rate
in winter was much faster and those in spring and autumn were slightly slower than solar dry-

ing rate in each season.

Annual average energy efficiency of solar-dryer and-collector was 25% and 57%, respectively,
Fuel savings were over 50% at 15% of energy inflation rate and the payback period was
estimated as 6.10 years at 30% of energy inflation rate,

1. #&

B

A A2 7l = str) 2]k
Apgol e o xe] o] 82 EAT}
oo e 53 OMXV\ 17 & axzHl
ZEojgted, zejut R 279 BB

X ?‘%‘EHQ} A ey HPSM d&ale] Ba A

ol T3 ol s FFAINA R

ﬂﬂﬂﬂ

R
gl G

7}
1l

A, rL N HE H’N

* 1. $E45 19914 12H 12H Received December 12,
o] L

1991

W, 71 ol% Z¥E fEEAe Afdx
igel FHEAT TUwE A2A

24 (forced-air-drying) 9 ¥ F

oy
0104 7
Hoju

p
N

,‘E_.
T

AN g 10703 TR

19904 BEHIBME FEWHER 2R oste MR

* 2 ZEikSH BE K4 College of Agriculture, Chonnam National University, Kwangju, 500—757 Korea.



a7t A&

56m' 9] ¢

F85ol Read$We& gy
He FAL7E AFsted 6.5me
alfine ash& 723 2y gr7Azxs4x9 o
172550 HIsden, 715xd0] di <
53 Jol=y] 7t A Steinmann$!s o] 4
S 0.43me] AYE HFERY dxVE
A, Aast ol HERAY HEIdsge =y
weohv 2% ¢ ZH9] AFse] o3 A
zg7e Fdgs A+E FH7HA
—5}1 olp},

I R HEHY o 011‘7} m]
2o4 AE A7Ho] LumelyE?2e Louisiana
2ol A 7)o A E “3-?}534 AR R
7+zy A Fpale] o] g3 A7 olux] g-&Hel A
A el Aerp Bl g ole}t 43 v
Robbins!®&  Arkansas®|wholl 4] 7124 @uped
of B& WAz & ’“’“‘1]‘ T FuE
s, dAxSY f3E ¢

-0 71
A

s
A

Zxz
Zaz
! A4

3 3

01 /‘godﬂglr 220m
1z 1,000€e] o]
‘}y'ilwr?] 7He L*

2@an e
HH ol87ts

A
LREE-

Tschernitz £ 22 23717 7§
2] Fejel: g Aylo) H Ay
o] HE78 /MEated 2ol A

4s AT B A A&

1
=

)

)

N

§

Bopp oo T
oft

g

|
i&
2
™
-
olr &

t:‘;
il

3
=
iE
jo

S
2
O ]
oy
o
=
oy olff

ke
T

(o]
S,
fr

fu

> b
1m0

A o

i
N
iice
wo 18 o

O
2 o

_,
i

ji2a)
ia
y

[¥N)

T
AT

N

it

o

e
re
L o o

£

/11.4_57], 0:17]
™, 74Z7!aLo]] 9]

hied
1
5
op
-
»
%
‘o

10_",
iR

=l o2 3
hs

g
!
5
=

w2

ol
-

ox T 2R MM ok

R

[
|
b

o
PN
N,
ry
2

9
¢

]

s)

Bl ol g =] 2] )4
o 4@ ARes ezl 7
Bk EaAxr)e] MAS
- gEAbE o] g 25}

T L B R

o ridad g
AdE e
4791110

ne o2

I A
i

2

M
A

_Or‘»:ruR.,d
IjJ

48 l—N
ol 02 W

=

i»

 ©

o &
4

> 6

23

u:sz

X

2

ok

o

2. ¥t H FE
HMEFIRE KEGMERH BUF

das A 9
g izsle)
*J"’(“ 7} e at

2.1
2] =

ﬂ

L=k

g
4
T

OF

7
& U

O
-1 zﬂ Ay &

2.2 FEH #EH%%

2.2.1 #EEH
A g UaREY 2 dxidE 24
371 218k 52 3cm, ¥ 12cm, #Hel lZOcm
o R HE AL RE NS E FYs
o ALR-8lg e ’:i o‘4(1990L3 129 44—
199141 24 1'304)17} 2449 11959 24)
o SRR AR ( Pinus densiflora S.eaz)s A
HooAbgatg ot 1% Qo] Eylissie] A8
H(84 164 8¢ 28%U)3} - }%ﬂ (10¢ 9910

27d) 2] RIS 2 EHL( Pseudotsuga ma-
n:iesii)% o] &&t¢rh

222 HBEI SKEAE

7 AEE R 189 444 12F
o BARE AbEste] T 488
FH g e,

7= %7 3cm
A 0.21m) &

&l ~°—$€-9§ Tl st FK

FOHER REBA 1EY F 679 A8 5
of F&7INFE 1Y 151 FASFH A
2.3 OlUX|M=*E HE

2odAgel Al A, A L5 YIRE fY



gAzx71e] dUAEAEE AL #Ast Du-
flieSVo] AT WYL 7IEoE A4 FE7
2 e 4L duyRe Fe A1) o] 7
T Y712 B4" AA By Fom
ol H(2)0A M Fdre a&8 At
At

Qe=mCp(To=Ti) «+rerererserssmsrorinecnionnn(])
Qc : useful energy output of a collec-
tor(MJ /hr)
m : flow rate of air(kg /hr)

Cp : specific heat of air{M] /kg K)
To : outlet temperature of air(K)
Ti : inlet temperature of air(K)
e=100Qc / (Acl) ervereeemsrsmemmrnenssnnnnne
7 : collector efficiency(%)
Ac : collector area(n')
I : global solar radiation on the hori-

zontal surface(MJ /m'hr)

(2)

AAH] Az AU EES AatEr] ¢
3t 19 F FYAUAAE £F7 dFHY
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7 : solar dryer efficiency(%)

Wr : weight of water removed from
lumber pile(kg /day)

It : total solar rediation for one day
(M] / m'day)

Et : electrical energy used to operate
fans(MJ /day)
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F1: (1-R)F(N, e, d) -~ (4)
F1 : economic factor, accounting
for the inflation of energy costs
F(N, e, d):inflating-discounting factor=
[1-((1+e) /(1+d)N] /(d—e)
d : discounting rate
N : analysis term(yr)
e : energy inflation rate
R ! income-tax rate
F2=K+[(1-R)F(M, 0, d)/F(M, 0, J)
+RF(M, ], 4d}/FM, J, 0OJa-K)+
[{(1—=R)P4+UJF(N, i, d)—-RUF(N, i, d)
—RF(Z, 0, d) /Z -#reeemmeraemeniiin
F?2 : economic factor, accounting for
the mortage, taxes, and upkeep
of system
P : property-tax rate
U :insurance and maintenance frac-
tion
J . mortgage rate
K : downpayment fraction
Z : depreciation lifetime(yr)
1: general inflation rate
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Cr=ALCa(F2—T)+(1—1)QnEFL ++-+++ oo+ (6)
Cr : total lifetime costs associated
with the solar-heating system(W)
T : fraction of first cost refunded as a
federal tax credit=L+m/AcCa
: collector-area-dependent cost (W
/)

L : constant(0.15 for energy credit)

m : constant determined by the sys-
tem type and cost(0 for commer-
cial)

Qyr : total energy demand for
year(M] /yr)

E : delivered energy cost by conven-
tional heating system, considering
furnace efficiency(0.5—0.6 for gas
and oil : 1.0 for electric resistance
: 1.4 for electric heat pumps)

t=a+bln(ASy* /Qyr)
a, b : collector-dependent constants
(a=0.918 and b=0.432 for air flat-plate
collector)
Syr @ total solar radiation on a horizontal
surface for one year(MJ /m'yr)
k : area-performance correction factor
{=1)
AoptszyrEFl /Ca(FZ"L)
Aopt : optimum collector area(m')

Ca
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Ne : number of charges per year

Ei : energy require to evaporate lkg
of water from wood(2.4M] /kg)

: specific gravity
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V : volume of wood to be dried(m')
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: fuel savings(? )
Q : net solar energy gain{M]J /y)
=Syerpt77c

Qo : electric power (Mj /yr)
Ci=Y [QuE(1+e)™ i (10)
Ct : cost of fuel saved over amortiza-

tion(W)
n=log[ { AcptCae) /{QsnE)+1] /log(1+e)

n : payback period{yr)
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MP : the maximum price to be paid
per m of collector (% /nf)

ANPYV : net present value, adjusted
for nvestment tax credit
(W /)
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Table 1. Daily temperature conditions in solar dryer. (unit : °C)
Season Tt Ti Ta® DT MG
Max Min Avg Max Min Avg Max Min Avg Max Min Avg (%)
Winter
'90.12. 19 39.0 -35 125 20,0 1.0 97 90 50 0.9 145 4.0 89 89
Spring
91.4.19 515 37 224 268 75 168 193 42 115 82 11 53 62
91.4.28 628 138 286 375 21.0 276 200 9.7 155 175 53 121 10
Summer
91. 8. 17 60.6 229 324 402 234 284 29.9 231 262 103 0.1 2.2 74
91. 8. 27 68.7 209 392 485 277 37.2 341 201 256 163 56 11.6 12
Autumn
'91.10. 10 63.1 11.6 29.7 336 151 237 308 136 203 49 00 3.4 77
91. 10. 27 642 124 293 432 207 29.8 21.0 124 163 231 7.0 135 3
“1T, : temperature of heat absorber, *2Tk : temperature inside solar dryer, o
*3T, : ambient temperature, **DT :temperature difference between ambient and inside solar

dryer, **MC : moisture content
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Fig 1. Drying curves of 3cm-thick red pine

(winter and spring run) and Douglas-
fir(summer and autumm run) lumber,

Table 2. Seasonal solar-and air-drying rates of 3cm-think red pine and Douglas-fir lumber.

Winter Spring Summer Autumn
Item Solar Air Solar Alr Solar Air Solar Air
drying drying drying drying drying drying drying drying
Initial mc* 122.4 121.4 86.0 92.5 74.1 74.6 87.7 78.3
Final mc* 12.5 18.4 9.5 13.1 10.0 15.1 10.0 14.9
Drying rate
(% /day)

IMC*-30% 1.98 4.57 6.75 5.39 14.57 7.38 11.01 9.52
30% —20% 1.11 0.37 5.43 1.08 3.55 2.71 4.32 2.24
20% —FMC* 0.53 0.12 2.85 0.21 2.65 0.75 1.08 0.45
Average 1.54 1.45 5.46 1.62 8.08 4.00 4.57 3.17

* mc : moisture content(%),
* FMC : final moisture content(%).
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Table 3. Energy efficiencies of solar-dryer and-cllector,

Season Acler(M]) E*(M]) Ew*(M]) (%) 7(%)
Winter

MC>30% 378.86 123.77 159.40 31.7

MC>30% 220.34 54.86 31.71 11.5

Total 599.20 178.63 191.11 24.6 52.0
Spring

MC>30% 168.32 58.50 69.11 36.2

MC>30% 245,24 31.50 56.32 20.4

Total 413.56 90.00 125.43 26.8 60.5
Summer

MC>30% 186.08 30.53 73.69 34.0

MC>30% 149.30 30.60 28.11 15.6

Total 335.38 61.13 101.80 25.7 57.7
Autumn

MC)>30% 158.51 32.44 89.46 46.9

MC>30% 253.34 1106.51 36.92 10.2

Total 411.85 142.95 126.38 22.8 59.4

* At : total solar radiation during drying period,*Es : total electrical energy used during drying
period,” Ew: : total energy consumed to remove water from lumber pile during drying period.

Table 4. Amount of warp occurred during solar-and air-drying of 3cm-think red pine and
Douglas-fir lumber.

Winter Spring Summber Autumn
Warp(mm) Solar Air Solar Air Solar Air Solar Air
dried dried dried dried dried dried dried dried
Cup 2.00 2.14 0.20 1.43 0.00 0.15 0.50 0.10
Bow 3.83 4.29 2.83 4,33 1.e3 0,50 2.28 3,55
Crook 5.37 2.71 4.25 3.61 1.95 1.85 2.43 4.00
Twist 5.10 414 8.63 6.66 5.33 6.25 4.15 6.45
AR 7 d7le] AURAEES 22zt BB THE 59T Eold(warp) 9 +& H4
25%%} 57.4% gk wkel ol UBHFREH o} #}ew, AuRet uid T HBRHFER
dEH 7Y 7IbEe HAErel UxyEAE 2 Aole ey Bol¥F 53], uwEd
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Table 5. Cost and inflation factors,

Factor Amount
Ca(collector-area dependent cost) 150,000% / o
d(discount rate : interest rate of best alternative investment) 0.15
e{energy inflation rate) 0.10—0.20
N{analysis term) 10yrs
i(general inflation rate) 0.09
J(mortgage rate) 0.10
K (downpayment fraction if purchased with cash) 0.10
M{mortgage term) 10yrs
P(property-tax rate) 0
R (income-tax rate) 0.30
U{insurance and maintenance fraction) 0.005
Z(depreciation lifetime) 10yts

Table 6. Optimum collector-area, fuel savings, and payback-period for the solar-drying of 1 m' of
pine and oak according to the enrgy-inflation rates.

Energy Optimum Net solar Fuel Payback
Inflation Species collector energy gain savings period
rate(%) area{m) (MJ /y1) (%) (yr)
5 Pine 3.29 7,487 36.90 10.37
Oak 2.58 5,866 38.63 10.37
10 Pine 4.02 9,149 45.09 8.82
Qak 3.15 7,168 47.21 8.82
15 Pine 4.95 11,266 55.53 7.80
Oak 3.88 8,827 59.71 7.80
20 Pine 6.13 13,960 68.80 7.08
Oak 4.80 10,937 73.99 7.08
25 Pine 7.63 17,381 85.66 6.53
Oak 5.98 13,617 92.18 6.53
30 Pine 9.53 21,712 107.01 6.10
Oak 7.47 17,011 115.07 6.10
35 EEEM o2 ALkt 7;?.(3} 150,000¢ /m’ol‘i'i%"#, HqE
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