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A Study on the Composting of Grass
Clippings from Golf Courses at Jeju Island

Eui-Su Ham

Department of Construction and Environmental
Engineering
Graduate School of Industry

Jeju National University

Supervised by Professor Mock Huh

Summary

As of January 2009, the number of golf courses in Jeju Island
reached 35(26 are under operation). The 2007 grass clippings volume
totaled 3,392 tons, of which 3,232.1 tons (95.3%) were incinerated
and 46.9 tons (1.5%) were utilized. Also, most of grass clippings in
golf courses are found to be incinerated and disposed of.

In this study, in line with the country’s recent big policy, low

carbon green growth, measures were examined to develop
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technologies for turning grass clippings from golf courses into
compost as part of recycling wastes, with a view to developing
stable, fine—quality organic resources, and fully utilizing them.

To turn golf course grass clippings incinerated into compost, a
by-product fertilizer which is made from food garbage (70%) and
sawdust (30%) by Jeju Garbage Treatment Center, was used. This
by-product fertilizer was mixed with grass clippings with the
same weight, which, before the test, then was made to undergo
one month of compost making and maturing. The resulting grass
clippings compost (tentative name) was utilized as the seeding. In
addition, additive materials such as sawdust and coconut peat were
used.

As a result of the test, for making aerobic grass clippings
compost, the optimal ratio of materials was found to be 3~4 : 1 :
0.5 for grass clippings, sawdust, and seeding, respectively, in terms
of weight. If sawdust i1s difficult to supply, or the import price of
coconut peat 1s low, coconut peat can be added to the materials.

The characteristics of agricultural chemical residues in the
grass clippings compost were analyzed; the chemicals were
prompted to be decomposed through the high-temperature and high
humidity mature process, and thus small amounts of hexaconazole
and azoxystrobin at 0.181mg/kg and 0.049mg/kg, respectively, were
detected. But, other agricultural chemical components were not
detected.

As such, when utilizing grass clippings compost to grow
various crops, the hazards of residues of agricultural chemicals are

thought to be insignificant.
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Table 1. The Present Status of Golf Course in Jeju Island (Jan. 2009)

Category A Golf Addr- Site Area (m’) No. of Holes
Course name ess Total Priuate Public Private | Public
Total 35702 41965564 | 34467326 | 7,497,733 702 192
e CC ogt | 2012304 | 2,012,304 - 36 -
A 7-CC q | 1,726,201 | 1442771 | 283520 18 9
Under ZHCC Ak | 917764 917,764 - 18 -
operation | A1EHACC | % | 1152660 | 875800 | 276,360 18 9
S Y & | 996,240 852,866 | 143,376 18 9
3 ~CC A | 1,244848 | 874521 | 370,327 18 9
Total 357014 41,965,564 34,467,826 | 7,497,738 702 192
Su|xCC A5 | 1,567,152 | 1,264,250 | 302,902 27 9
UelHEx|CC | @ | 1,211,169 | 962,756 | 248,413 18 6
go] g8 ACC | 5 | 1,213,904 | 1,213,904 - 27 -
B= et B 442,376 - 442,376 - 9
2}2-GC A2 | 1,293,050 | 1,293,050 - 27 -
A A9k CC S | 1,545,143 | 1,131,858 | 413,285 27 9
z7tolalAFCC | Mg | 1,717,934 | 1,248,282 | 469,652 27 9
2ode CC | BA | 1,164,583 | 1,164,583 - 27 -
RPN =+ | 1,458,068 | 1,033,288 | 424,780 18 9
TFEAReIR 7HA] 627,862 - 627,862 - 18
A A5 | 1,886,000 | 1,420,000 | 466,000 27 9
A5 Z2GC = 959,076 959,076 - 18 -
o]z =~CC = 978,888 637,488 | 341,400 18 9
el - Bl | 1,178,925 847,298 | 331,627 18 9
ghepak S5 654,245 | 654,245 - 18 -
o]l 2] A% | 1,016,053 | 1,016,053 - 18
AQIE X A3 | 1,728,257 | 1,728,257 - 36 -
Hof CC S | 1,483,474 | 1,112,941 | 370,533 27
285 gxE | A& | 1,086,689 | 1,086,689 - 18 -
o Za4 % | 767,120 | 767,120 - 18 -
By 26714 | 32,030,075 | 26,517,164 | 5,512,911
Qb | ogE | 815,666 815,666 - 18 -
ojoj & o | 1,422,747 | 720,179 | 702,568 18 18
Approved aFE AT T}L%‘ 671,423 671,423 - 18 -
AsFAT | A 684,346 - 684,346 - 18
H| X3~ % | 1,356,409 | 1,356,409 - 27 -
g B Skl 717,594 717,594 - 18
Under B CC A5 | 1,297,879 | 1,297,879 - 18
approval YagCC 43 | 1,543,000 | 1,020,262 | 522,738 18 9
27 2/ | 2,015,473 | 2,015,473 | 522,738 36 15
Operalor | yapnjol= | 54 | 1,360,050 | 1.360.050 | - 27
designated

( Data : City Planning Division of Jeju Province)
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Table 2. The Present Status of Golf Course in Jeju Island

Category 00 | o1 | 02 | 03 ] roa | o5 | o6 | o7
RQoL golf 7 8 9 9 12 | 16 | 19 | 23
courses
No. of holes | 198 | 225 | 252 | 252 | 324 | 432 | 513 | 612
Users (1,000) | 516 | 572 | 701 | 782 | 848 | 977 1’;)1 1’§8
Users per hole |y o009 540 | 9782 | 3.108 | 2617 | 2262 | 120 | 194
(people) 2 1

Increase rate in

users (5%) 100 | 976 | 1094 | 1116 | 84.3 | 864 | 87.7 | 979

( Data : City Planning Division of Jeju Province)
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Fig. 1. The Present Status of Golf Course in Jeju Island.
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Fig. 2. Distribution Map of Golf Course in Jeju Island.
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Fig. 3. Yearly Agricultural Chemical Consumption Trends in

Golf Courses.
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Table 3. Total Agricultural Chemical Consumption and Consumption Per

Hectare of Golf Course in Jeju Island

Year 02 '03 04 05 '06 ‘07

Total

; 18,392 | 22,526 | 28,563 | 38,036 | 38,271 | 41,212
Consumption(kg)

Consumption Per

Hectare(kg) 18.4 19.8 18.5 21.6 189 16.8

45,000 25

40,000 216 41,212m 23
19.8 38,036
2= 18.9 L 20

18.5
35,000 15 y = iy /‘39\
16.8
30,000 28},-/ //16 | s
25,000

22,5 1>

20,000
1B392 ® > - 10

Total Consumption

No. of Golf Course & Consumption per hectare

15,000
10,000 - 5
5,000
o]
2002 2003 2004 2005 2006 2007
—=Total Consumpticn(kg) —~No. of Golf Course —Consumption per hectare(kg)

Fig. 4. Agricultural Chemical Consumption and Consumption Per

Hectare of Golf Course in Jeju Island.
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Table 4. Yearly Agricultural Chemical Consumption and Consumption

Per Hectare of Golf Course in Jeju Island

Golf Course Overview Yearly Agricultural Consumption(kg)
feeplfCourse | A 4iress b | N 07 06 '05 04 03 02
name of holes
) FASH 41,212 | 38,271 | 38,036 | 28,563 | 22,526 | 18,392
Z= 237/M& 582

had A& 16.8 18.9 21.6 18.5 19.8 18.4
2CC AFA 2% 36 3,608 3,918 4,081 3,807 3,960 4,014
18 526 1,294 1,579 2,414 2,193 2,236
AFCC AFA 9HF
9 182 149 519 499 317
S wGC A EA 18 2,236 1,778 2,008 2,345 2,580 1,883
18 1,653 1,289 1,699 1,949 2,305 1,836
A&E~CC el 49g
9 552 430 566 655 769 612
18 2,080 856 1,683 2,010 2,522 2,299
aze CC z3E 5&9
9 714 151 632 703 129 91
18 1,030 1,255 1,743 1,962 1,711 1,621
A3~ GC obeld AFH 2
9 447 355 762 926 859 793
— 9 —
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Golf Course Overview Yearly Agricultural Consumption(kg)
A golf course | pqqress | NO 07 06 05 04 03 02
name of holes
18 950 | 1,021 464 424 943 | 1,123
S EIEINe® G935 A5y
9 297 325 | 1,775 | 1,765 360 428
18 1,138 | 1,385 | 1,775 | 1,765 | 1,560 | 1,456
YaBgxCcC | ¢yd F3e
6 44 62 169 38
dola8x CC | AAEA TH 27 4,203 | 4,617 | 3,851 | 4,948 | 2318
B = ez} AFA AT 9 297 385 429 234
2 A FA g 27 2,094 | 2097 1,955 1,704
27 2465 | 4516 | 2,692 663
A G227k 8 MAEL ADE
9 831 | 1,556 665 205
27 2,146 | 2,151 | 4,068 170
g Al ¢t ML 5 o] %
9 495 697
2oac LS 2AT 27 2,049 | 2,184 | 2121
18 1,218 | 1,824 | 1,734
BarE L5 T4
9 619 911 729
FEARIY 49 7 g 9 406 536 940
A =) 2 2~ AFEA ZHAS 18 1,842 | 1,760
27 880 531
Apo] 2 2 AAE BAE
9 315 223
18 1,421
of ¥ 2] 2~ A=A oNdS
9 607
gakal CC AFA L5%F 18 828
ATl = AF=A SE 18 439
=i AMFAE tgd 18 1,141
HIE ¥ ATFA T35 36 1,445
— 10 —
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Table 5. Kinds

of Grass Overview in Golf Courses

Category A Golf Address Kinds of Grass
Courses Name (Tee, Fairway, Green)
L2 CC eR:1 Bermudagrass, Creeping bentgrss
AF=CC =R Kentuckybluegrass, Creeping bentgrss
F2=CC Ak Bermudagrass, Creeping bentgrss
A 2CC 25 Kentuckyblue.grass, Zoysiagrass,
Creeping bentgrss
SereCC Bx Kentuckybluevgrass, Zoysiagrass,
Creeping bentgrss
HAA~CC A Kentuckybluegrass, Creeping bentgrss
SR CC N Kentuckybluegrass, Zoysiagrass,
Creeping bentgrss
vl B g =|CC 39, B4 Creeping bentgrss
golmad2~CC e Kentuckybluegrass, Creeping bentgrss
A ) Kentuckybluegrass, Creeping bentgrss
Z2GC A A Kentuckybluegrass, Creeping bentgrss
— Az Alek CC o] & Kentuckybluegrass, Creeping bentgrss
operation | =7F°l@2A5CC =y Creeping bentgrss
2=d= CC 2A Creeping bentgrss
EA~E = Kentuckybluegrass, Creeping bentgrss
A1 7}A Kentuckybluegrass, Creeping bentgrss
Alo] L 2~ A Kentuckybluegrass, Creeping bentgrss
A¥ 2 2GC = Kentuckybluegrass, Creeping bentgrss
o Bl 2] ~~CC o] & Kentuckybluegrass, Creeping bentgrss
23l 270 Creeping bentgrss
shelak s Kentuckybluegrass, Creeping bentgrss
gt g 3 Bermudagrass,  Creeping bentgrss
MRAE ¥ 4 Kentuckybluegrass, Creeping bentgrss
749 CC S Kentuckybluegrass, Creeping bentgrss
S E FRE qaE Kentuckybluegrass, Creeping bentgrss
o 4 i Kentuckybluegrass, Creeping bentgrss
Total No. of 26
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Table 6. Characteristics and Problems of Grass Clippings
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Table 7. Process Specifications for By-product Compost

Category

Standard

Organic matter

More than 25 %

Organic matter/nitrogen

Less than 50

Moisture Less than 50 %
As Less than 50 mg/kg
Cd Less than 5 mg/kg
Cr Less than 300 mg/kg
Hg Less than 2 mg/kg
Cu Less than 300 mg/kg
Ni Less than 50 mg/kg
Pb Less than 150 mg/kg
Zn Less than 900 mg/kg
Salt Less than 1 %

Collection @ jeju
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1. ElH[gt Y=

B oAY Ao Agr|he 2009d3€28A g A o X & E W] 3}
uf 2 FFEA A7 U2 6¥18A A otk Hujgt Aol AlgH
Ao Ee ALd~ C.C9 Kentucky bluegrass, Zoysiagrass(F#]),
Creeping bentgrass= Photo 1, 2, 33 #o] dx AFH3sle] o] &3 o,
o] of| A& ¢ o]3}stA &4 Table 87 .

Table 8. Physical and Chemical Properties of Grass Clippings

Item Unit Resuit Remarks
Water content % 64.5
Ignition loss % 36.7
Apparent .specific 0.07
gravity
pH H>0 V.9
EC mS/cm 116
C % 33.1 Based on dried grass
N % 3.3 Based on dried grass
P02 % 2.0 Based on dried grass
K20 % 5.8 Based on dried grass
CaO % 7.2 Based on dried grass
MgO % 2.0 Based on dried grass
Zn ppm 193 Based on dried grass
Cu ppm 42 Based on dried grass
Asch content % 33.2 Based on dried grass

(Data: Research of biomass quantity in Jeju area and resource for CDM, 2009)
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Photo 1. Grass being clipped (Fairway)
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Photo 2. Grass being clipped (Green)
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Photo 3. Grass being clipped (Tee)
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2 AP T o] & AA A (boxd) HHIS FA|= ofdf Fig. 59 320

A ARt o AA 25S Photo. 49 2o}

R-1 R-2 R-3 R-4 R-5 R-6

< 40cm —>

240cm

Fig. 5. Equipment for Compost Making.

Photo 4. Equipment for Compost Making
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Table 9. Mixture Ratio of Compost Materials

(Unit: weight volume)

R-1 R-2 R-3 R-4 R-5 R-6
Grass
1 2 3 4 2 4
Clipping

Sawdust 1 1 1 1 1 1
Seeding 05 05 0.5 05 0.5 05
Coconut peat 0 0 0 0 0.5 05

4. ElH|zgt AEUd

Table 994 ¢} 22 @nle= Axd dFdAR F5H7= 175 kg~
42kgold e, ol AR AR Foll 2443t AAVIZE Sk v AAA

Ztell BoxE 7HWste] Hf7IE slom, dAARe] Ay &
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rfo
H
X
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Photo 5. Compost Overturn During Compost Making

%
-

Photo 6. Temperature Change During Compost Making
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Table 10. Physical and Chemical Analysis Methods for Compost

Item Analysis Method Source
pH 1:59 ESssEA Y
Moisture = SBAEH
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m V7o 24 =34
- Instrument @ Donam 6200 GC
~ Detector : ®Ni - Electron Captuer Detector(ECD)
- Column : DB-5 fused silica capillary column(0.32mm i.d.x30m, 0.5um
film thickness)
- Temperature : Column oven 230TC
Detector block 310C
Injection port 250C

- Gas flow rate : Carrier Ny 2.5 mL/min

Make-upflow(with career) 40 mL/min

- Sample size : 1ul
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1. ox[= ddlie

2008 &= A=A W EEAA ] A& B Ag2 Table 113 2t

Table 11. Grass Clipping Production Overview in Golf Courses

Area A golf Course Name Production(m")
Total 3,392.0
S2CC 42
A|FCC 25.4
A F A5 A <
A ek gl = 68.1
Figsaly 36.3
ERKI0e 61.0
Z-2CC 186.3
o BAAECC 64.8
AT A SHA A ¥ 2 2CC 98.3
o 2] A] QFCC 1,010.0
o W2 =CC 306.9
ZEANECC 259.1
FECC 91.1
MNAXLEZA S doladx= AFCC 715
27}ol& A FCC 674.2
AL ~CC 19.1
ANACC 168.8
AMAEZFHA S i H) 21 CC 187.6
1B 84| CC 39.4
AFIRICC 126
_ 33 -
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2. OlX[E Me|EE

AFe =x2% Y dgAE 20079% DA FS 339R20E/de=E o F
27ko] 3232.1E/d(95.3 %), AAEE 46.9%/9(1.4 %), H7HT 636%/d
(19 %), 71eF (B#) 494E=/9(15 %)=E XA HIeH, iy =%
A B 27 AYse Ao et oM & = Qe vhet 2
of QN Fxge|Aut Hustst 2wt P A A Fgo| Y& Rol
o, olE w3 @ el s AAHI, REH Huls Bl of

FolA Tan A 4 & 5 Atk
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Table 12. Grass Clipping Treatment Overview in Golf Courses

A 8 ¥ 3
2 A & &
A ad |, | v
@ | =gy AL a A e | ST e
] ® | @yl B || 5 | ®
¥ () 7] =
()
o Gaung | 32321| 469 | | 0| 636 | 494
‘j T (95.3%) | (L4 | 9% | (1.5%)
oelcC 42 12 | 4.2
AT AFCC 954 | 9254
A& -
Aor| AFEHES 92.9 922.2 45.9
ghapat 36.3 1
AeH&-CC 610 | 61.0
2-2CC 1863 | 1792 | 0.1 0.1 7.0
XJ:T BA~ECC | 648 | 14.2 50.6
A&
; A3 2= CC 98.8 95.6 3.2 2\
ey | EAece | 1,0100 | 10100
oM ~CC | 3069 | 306.9
zZoASCC | 259.1 | 2531
FECC 91.9 91.9
S
jﬂ o]z g~
% =i 775 0%
2% =
27ko]8 CC | 6742 | 674.2
A&A=CC 19.1 19.1
AT masce | 1688 | 1688
T gmAce 184.1 | 184.1 35
%]
o UolBgIX|CC | 394 39.4 | 394
AFQIHICC 12.6 12.6
_ 35 _
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Table 13. Grass Clipping Incineration Overview in Golf Courses (2007)

North South
Month Incineration Incineration . ’(I;(())‘;a)l
amount Ratio(%6) amount Ratio(%)
(ton/month) (ton/month)
1 = e 24.06 100.0 24.06
2 1.14 5.06 21.39 94.94 22.53
3 5.70 8.24 63.49 91.76 69.19
4 41.78 22.80 141.45 77.20 183.23
5 75.17 23.72 241.67 76.28 316.84
6 129.46 26.62 356.88 73.38 486.34
7 89.91 20.89 340.59 79.11 430.50
3 43.44 1518% 240.03 34.68 283.47
9 28.61 18.26 128.11 81.74 156.72
10 17.98 30.61 40.76 69.39 58.74
11 10.22 7.50 126.06 92.50 136.28
12 0.16 1.01 1t 7l 98.99 15.87
(toij);ilar) 443.57 20.31 1,740.20 79.69 2,183.77
Table 13° 4 ¢} o] AF=elr = T 79 FF427 ol 7l
Ho] A7y AEFE e oz Foty e 2183778 Al H 3232.1% Abo]o
dF A7 due S d o dSdd aga AA AR 24T FolA
A& HAFE M S e e ASHG~8H)el A EHAF] oF
70 %7t B = AdA ATALE FAE 5 AAJH
- 36 -
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Table 14. Results of Grass Clipping Temperature Measurement

Date R-1 R-2 R-3 R-4 R-5 R-6
April 28 24 25.1 29.7 28.1 23.4 25.3
April 29 55 59 60.1 60.4 58.1 58.5
April 30 47.4 56.6 61.5 97.9 99.2 49.4
May 1 41 48.9 60.6 58.6 59.5 49.6
May 2 38 49.3 60.2 58.1 57.6 54.6
May 3 34.1 40.7 595.5 58.7 95.6 51
May 4 27.6 3 46.1 54.9 48.1 52.3
May 5 23.4 30.1 38 52.5 48.1 42
May 6 23.1 2 39.6 47.7 41.6 39.3
May 7 23.5 2397 38.8 48.7 38.2 36.6
May 8 20.1 24.4 38.3 47.8 33.2 35.3
May 9 21.1 25.6 36.3 44.9 31.4 32.6
May 10 20.8 23.5 29 42.6 29.2 28.2
May 11 20.3 24.2 25.4 35.2 27.2 28.9
May 12 21.5 26.6 26.1 31.6 26.5 27.9
May 13 19.6 26.2 23.4 25.8 24.3 26.7
May 14 20.3 22.5 21.5 23.7 22.6 24.1
May 15 19.4 2274 20.6 22.6 22.5 24.8
May 16 20.7 22.9 21.8 24.1 23.7 26.8
May 17 18.2 21.1 23.3 23.8 22.6 26
May 18 16.7 17.9 18.3 18.4 20.1 23.4
May 19 15.8 15.9 15.9 16 17.2 18.8
May 20 17.4 17.4 17.4 17.1 18.1 20
May 21 18.5 18.3 18.5 18.1 19.1 20.4

- 37 -
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Fig. 6. Temperature Change During Compost Making Tests.
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32 A st

Table 15. A Change in Compost Weight Before and After Maturing

Category R-1 R-2 R-3 R-4 R-5 R-6
Grass
Clipping 1(7kg) 2(14kg) | 3(21kg) 4(28kg) 2(14kg) 4(28kg)
Sawdust 1(7kg) 1(7kg) 1(7kg) 1(7kg) 1(7kg) 1(7kg)
Seedin 05 0.5 05 05 0.5 05
& (3.5kg) (3.5kg) (3..5kg) (3.5kg) (3.5kg) (3.5kg)
0.5 05
Coconut Peat 0 0 0 0 (3.5kg) (3.5kg)
Total weight
before 17.5kg 24 5kg 31.5kg 38.5kg 28kg 42kg
maturing
Total weight
after 14.5kg 20.5kg 22.5kg 25.5kg 22.5kg 33.5kg
maturing
Weight
difference -3k 4k -9k ~13k 55k -85k
after g g g g .OKg OKg
maturing
Weight loss
ratio after -17.15% | -16.34% | -286% | -33.79% | -19.65% | —20.24%
maturing
—_ 39 —_
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3.3 A= Hnel o]s}stA FAJH 3}

Table 16. A Change in Chemical and Physical Properties of Grass

Clippings
Category R-1 R-2 R-3 R-4 R-5 R-6
pH 8.449 8.123 8.407 7.429 8.146 8.217
Water(%) 39.16 39.38 28.26 55.60 40.93 31.64
Organic
matter©s) 60.45 61.91 63.66 28.58 24.39 9.93
TEOEc) 75.94 76.91 73.93 68.29 55.34 38.43
T=-N(%) 2.7 3.3 3.7 3.8 2.4 2.1
C/N rate 28 23 20 18 23 18
Husl goln Bug vATe] JPH @ee BAAA C/Nvd 7}
g 7ol golok Bk HUSE A% HA C/NHE BYHOE 20~30
o] 7} AFs AcE AT TxEHIL Qv o] HA FEo FolA A HH
Bal, 2 Huast A, e Aol Ak dEYel 4R AdY
7hsA el 4 %

o,
o

2 1o ox -
i)

BN
)

10 HHZ AHed w3 2avlvE, 4F HHj9 C/NHl= 7

& a7 X AENA 9 50, 20, 209 #ES H &S W R, 2 3, 4

ol A el C/NH= 28, 23, 20, 184 =81 A= ALdEAcmz H2A C/NH 9

3 3o A HoluA = HelelA AFHAT. 28 R-5, R-69]
|

yo

A =
3~4:1:052 =gl Agsivh= AS & =+ e, F5 =ie
= 3 =
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Table 17. Results of Analysis of Residual Agricultural Chemicals in Grass

Clippings
component Concentration

hexaconazole (mg/kg) 0.181
azoxystrobin (mg/kg) 0.049
tebuconazole (mg/kg) N.D
iprodion (mg/kg) N.D
etridiazole (mg/kg) N.D
thiophanate-methyl (mg/kg) N.D
chlorpyrifos—methyl (mg/kg) N.D
detamethrin (mg/kg) N.D
bifenthrin (mg/kg) N.D
imidacloprid (mg/kg) N.D

Table 17914 0 dx= HulF2 s AL 7 545 Lotr7]
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o ATlME =M SRR WeRa e A'a =4 Aol

ADe ALstn 2 BES Fisstuzt AFA

3 A oF 1hre) Huske} %
A% AF4 =z Fead 2 99 WU ARE Bud
g8}t

R-1614 R-6744 6748 A@7ol o< 2o FAE PR B &2
AzH AAAZY FRAE 175 kg~42 kg olth o|& A AL o
24917te] ARV Fek WY AA Azkel BoxE AWalel H171E B
o, olg LEAMY-55002 Huldn e Lvd 24530

B0 49 Q5o 24 Bl R-1ZZE R47A A2 g5

&5 S/F7] Wil ols dAEe &80 TUEsE 2k s &

=7 9o vyeds & Jtt 2Yn ZAYUIAES AR HrlAgz
FAT AFTR-5 R-6)0lA Hrh 2=7 Wy "ol kA k= A
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