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d.8 Document 8: Plan and operation of collection system 
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d.9 Document 9: Site visit of 3R promotion sites, workshop, etc. 



モンゴル国ウランバートル市廃棄物管理能力強化プロジェクト 独立行政法人国際協力機構 
Annex A: 計画・立案能力に係る活動 国際航業株式会社 
 

 

A-93

 



モンゴル国ウランバートル市廃棄物管理能力強化プロジェクト 独立行政法人国際協力機構 
Annex A: 計画・立案能力に係る活動 国際航業株式会社 
 

 

A-94

 
d.10 Document 10: Workshop (1): Preparation of framework for SWM M/P for each city 
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d.11 Document 11: Workshop (2): Collection system planning for SWM M/P for each city 
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d.12 Document 12: Workshop (3): Final disposal system planning for SWM M/P for each city 
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d.13 Document 13: Workshop (4): Recycling system planning for SWM M/P for each city 
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d.14 Document 14: Workshop (5): Formulation of concept of SWM M/P for each city and an 

action plan (A/P) for formulation of the M/P 
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d.15 Document 15: Presentation of the concept of SWM M/P and the A/P for formulation of the 

M/P by 10 cities 
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d.16 Document 16: Comparison table of candidate sites for future disposal site 

Aspects Candidate A Candidate B Candidate C 

1. Environmental 
Aspects 

      

1.1 Ground water use in 
downstream 

      

1.2 Surface water use in 
downstream 

      

1.3 Existence special 
fauna & flora 

      

1.4 Valuable landscape       

1.5 Landslide area       

1.6 Strong wind       

1.7 Others (specify)       

       

2. Social Aspects       

2.1 Area close to habited 
area 

      

2.2 Area close to cultural 
property 

      

2.3 Area close to public 
facilities 

      

2.4 Other 
administration 

      

2.5 Others (specify)       

       

3. Technical Aspects       

3.1 Site size       

3.2 Current landuse       

3.3 Future landuse       

3.4 Topography       

3.5 Geology       

3.6 Distance to city 
center 

      

3.7 Access road 
condition 

      

3.8 Availability of utility       

3.9 Others (specify)       

       

4. Economic Aspects       

4.1 Site development cost       

4.2 Operation cost       

4.3 Collection & 
transportation cost 

      

4.4 Others (specify)       
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d.17 Document 17: Calculation sheet for population forecast and future waste generation 

Doc 17-1
Calculation Sheet for Population Forecast and Future Waste Generation (1)

A. Population Porecast
A.1 P_GR (Population Growth Rate) Calculation
1. Year of Latest Population Data: A 2008
2. Population of Latest Data: B 15000
3. Year of Older Population Data: C 2003
4. Population of Older Data: D 12000
5. P_GR Caluculation Formula

(Formula) P_GR + 1 = Y^(1/X)
 Y = B/D
 X = A - C

Year Population
2008 15000
2003 12000

P_GR + 1 1.046

6. P_GR (Population Growth Rate) 0.046

A.2 Calculation of Future Population
1. Population in 2011: P11 17149
2. Population in 20xx: Pxx

(Formula) Pxx = P11 * (P_GR + 1)^(20xx - 2011)
3. Apart Area Population Rate: APR 0.60
4. Ger Area Population Rate: GPR 0.40
5. Apartment Area Population in 20xx: Pxx_A

(Formula) Pxx_A = Pxx * APR
6. Ger Area Population in 20xx: Pxx_G

(Formula) Pxx_G = Pxx * GPR
7. Calculation of Future Population

Year Pxx Pxx_A Pxx_G
2011 17149 10289 6860
2012 17932 10759 7173
2013 18750 11250 7500
2014 19606 11763 7842
2015 20501 12300 8200
2016 21436 12862 8574
2017 22415 13449 8966
2018 23438 14063 9375
2019 24507 14704 9803
2020 25626 15375 10250
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Doc 17-2
Calculation Sheet for Population Forecast and Future Waste Generation (2)

B. Waste Amount Calculation
1. Household Waste Generation Amount in Apartment Area  in 20xx: HWAAxx

(Formula 1) HWAAxx = GR_HWAxx * Pxx_A
 GR_HWAxx: Household Waste Generation Rate in Apartment Area in 20xx
(Formula 2) GR_HWAxx = GR_HWA11 * (1 + GR_GR)^(20xx - 2011)
 GR_HWA11: Household Waste Generation Rate in Apartment Area in 2011
 => Apply UBC Data => GR_HWA11 = (297 + 264)/2 = 280g/person/day
 GR_GR: Household Waste Generation Rate Growth per Year
(Formula 3) GR_GRxx = 0.55 * GDPav (= 0.0623) = 0.034265 => Say 0.035
Consequently, Formula 2 simplify as follow:
(Formula 2) GR_HWAxx = 280 * (1 + 0.035)^(20xx - 2011)

2. Household Waste Generation Amount in Ger Area in 20xx: HWGAxx
(Formula 4) HWGAxx = GR_HWGxx * Pxx_G
 GR_HWGxx: Household Waste Generation Rate in Ger Area  in 20xx
Ger Area Waste is divided into two categories of wastes, i.e. Ash and Other Waste
Ash generation rate is not changed, The rate of UBC (788g/person/day) be applied to.
Generation rate of Other waste will increase the same as HWAA..
(Formula 5) GR_HWGxx = GR_HWGa11 + GR_HWGo11 * (1 + GR_GR)^(20xx - 2011)
 GR_HWGa11: Ash Generation Rate in Ger Area in 2011, i.e. 788g/person/day.
 GR_HWGoxx: Other Waste than Ash Generation Rate in Ger Area in 2011
 => Apply UBC Data => GR_HWGo11 = (188 + 234)/2 = 211g/person/day
Consequently, Fomula 5 simplify as follow:
(Formula 5) GR_HWGxx = (788/2) + 211 * (1 + 0.035)^(20xx - 2011)

3. Other Waste Amount in 20xx: OWAxx
Other MSW waste include wastes from business establishments and public area cleaning.
But it exclude wastes from construction, factory and medical institution.
(Formula 6) OWAxx = (HWAAxx + HWGAxx) * 0.157 (Figure from MUB Study)

Year Pxx Pxx_A Pxx_G
HWAAxx
(kg/day)

HWGAxx
(kg/day)

OWAxx
(kg/day)

MSWxx
(ton/day)

2011 17149 10289 6860 2881 4150 1104 8.1
2012 17932 10759 7173 3118 4392 1179 8.7
2013 18750 11250 7500 3374 4650 1260 9.3
2014 19606 11763 7842 3652 4924 1346 9.9
2015 20501 12300 8200 3952 5216 1439 10.6
2016 21436 12862 8574 4277 5527 1539 11.3
2017 22415 13449 8966 4629 5858 1646 12.1
2018 23438 14063 9375 5010 6210 1762 13.0
2019 24507 14704 9803 5422 6586 1885 13.9
2020 25626 15375 10250 5867 6986 2018 14.9



モンゴル国ウランバートル市廃棄物管理能力強化プロジェクト 独立行政法人国際協力機構 
Annex A: 計画・立案能力に係る活動 国際航業株式会社 
 

 

A-119

D
o
c
 1

7
-3

C
al

c
u
la

ti
o
n
 S

h
e
et

 f
o
r 

P
o
pu

la
ti
o
n
 F

o
re

c
as

t 
an

d 
F
u
tu

re
 W

as
te

 G
e
ne

ra
ti
o
n
 (

2
)

C
. 
W

as
te

 S
tr

e
am

1
. 
C

al
c
u
la

ti
o
n
 o

f 
S
e
lf
 D

is
po

sa
l 
&
 I
lle

ga
l 
D

u
m

p
in

g 
W

as
te

: 
S
D

ID
_A

xx
(F

o
rm

u
la

 1
) 
S
D

ID
_A

xx
 =

 (
N

o
n
-
C

a 
*
 H

W
A

A
xx

) 
+
 (
N

o
n
-
C

g 
*
 H

W
G

A
xx

) 
+
 0

.1
5
7
 *

 (
(N

o
n
-C

a 
*
 H

W
A

A
xx

) 
+
 (
N

o
n
-
C

g 
*
 H

W
G

A
xx

))
 N

o
n
-
C

a:
 N

o
n
-c

o
lle

c
ti
o
n
 P

o
pu

la
ti
o
n
 R

at
e
 o

f 
A

p
ar

tm
e
n
t 

A
re

a
 N

o
n
-
C

g:
 N

o
n
-
c
o
lle

c
ti
o
n
 P

o
pu

la
ti
o
n 

R
at

e
 o

f 
G

e
r 

A
re

a
P

u
t 

th
e
 N

o
n
-
C

a 
an

d 
N

o
n
-C

g
N

o
n
-
C

a:
0
.0

5
N

o
n
-
C

g:
0
.5

2.
 C

al
c
u
la

ti
o
n
 o

f 
R

ec
yc

lin
g 

A
m

o
u
n
t:
 R

E
A

xx
(F

o
rm

u
la

 2
) 
R

E
A

xx
 =

 R
R

 *
 M

S
W

xx
R

E
A

xx
: 
R

e
c
yc

lin
g 

A
m

o
u
n
t 

in
 2

0
xx

R
R

: 
R

e
c
yc

lin
g 

R
at

e
; 
A

pp
ly

 t
h
e
 f

ig
u
re

 o
bt

ai
n
e
d 

in
 M

U
B

 s
tu

dy
R

R
: 

0
.0

3
3.

 C
al

c
u
la

ti
o
n
 o

f 
C

o
lle

c
ti
o
n
 a

nd
 F

in
al

 D
is

p
o
sa

l 
A

m
o
u
n
t:
 C

F
D

xx
(F

o
rm

u
la

 3
) 
C

F
D

xx
 =

 M
S
W

xx
 -

 (
S
D

ID
_A

xx
 +

 R
E
A

xx
)

Y
e
ar

P
xx

P
xx

_A
P

xx
_G

H
W

A
A

xx
(k

g/
d
ay

)
H

W
G

A
xx

(k
g/

da
y)

O
W

A
xx

(k
g/

da
y)

M
S
W

xx
(t

o
n
/d

ay
)

S
D

ID
_A

xx
(t

o
n
/
da

y)
R

E
A

xx
(t

o
n
/
da

y)
C

F
D

A
xx

(t
o
n
/
da

y)
2
0
11

1
7
1
4
9

1
0
2
8
9

6
8
6
0

2
8
8
1

4
15

0
1
1
0
4

8
.1

2
.6

0
.2

5
.3

2
0
12

1
7
9
3
2

1
0
7
5
9

7
1
7
3

3
1
1
8

4
39

2
1
1
7
9

8
.7

2
.7

0
.3

5
.7

2
0
13

1
8
7
5
0

1
1
2
5
0

7
5
0
0

3
3
7
4

4
65

0
1
2
6
0

9
.3

2
.9

0
.3

6
.1

2
0
14

1
9
6
0
6

1
1
7
6
3

7
8
4
2

3
6
5
2

4
92

4
1
3
4
6

9
.9

3
.1

0
.3

6
.6

2
0
15

2
0
5
0
1

1
2
3
0
0

8
2
0
0

3
9
5
2

5
21

6
1
4
3
9

1
0
.6

3
.2

0
.3

7
.0

2
0
16

2
1
4
3
6

1
2
8
6
2

8
5
7
4

4
2
7
7

5
52

7
1
5
3
9

1
1
.3

3
.4

0
.3

7
.6

2
0
17

2
2
4
1
5

1
3
4
4
9

8
9
6
6

4
6
2
9

5
85

8
1
6
4
6

1
2
.1

3
.7

0
.4

8
.1

2
0
18

2
3
4
3
8

1
4
0
6
3

9
3
7
5

5
0
1
0

6
21

0
1
7
6
2

1
3
.0

3
.9

0
.4

8
.7

2
0
19

2
4
5
0
7

1
4
7
0
4

9
8
0
3

5
4
2
2

6
58

6
1
8
8
5

1
3
.9

4
.1

0
.4

9
.4

2
0
20

2
5
6
2
6

1
5
3
7
5

1
0
2
5
0

5
8
6
7

6
98

6
2
0
1
8

1
4
.9

4
.4

0
.4

1
0
.0

 



モンゴル国ウランバートル市廃棄物管理能力強化プロジェクト 独立行政法人国際協力機構 
Annex A: 計画・立案能力に係る活動 国際航業株式会社 
 

 

A-120

 
d.18 Document 18-1: Calculation Sheet for Required Landfill Volume 

Doc 18-1
Calculation Sheet for Required Landfill Volume 

Formula
YRLVxx = ((YFDxx/UWWL) *  (1 + CSR))

YRLVxx: Yearly Required Lanfill Volume in 20xx (m3/year)
CFDxx: Collection and Final Disposal Amount in 20xx (ton/day)
YFDxx: Yearly Final Disposal Amount in 20xx (ton/year)
UWWL: Unit Weight of MSW at the Landfill (ton/m3) 1.1
CSR: Cover Soil Rate to Landfilled Waste 0.2
ARLV: Accumulated Required Landfill Volume (m3)

Year
CFDAxx
(ton/day)

YFDxx
(ton/year)

YRLVxx
(m3/year)

ARLV (m3)

2011 5.3 1943.1 2119.7 2119.7
2012 5.7 2083.2 2272.6 4392.3
2013 6.1 2234.0 2437.1 6829.4
2014 6.6 2396.2 2614.1 9443.5
2015 7.0 2570.9 2804.6 12248.0
2016 7.6 2758.8 3009.6 15257.7
2017 8.1 2961.2 3230.3 18488.0
2018 8.7 3179.0 3468.0 21956.0
2019 9.4 3413.6 3723.9 25680.0
2020 10.0 3666.3 3999.6 29679.5  
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d.19 Document 18-2: Calculation Sheet for Disposal Site Volume 

A. Plan drawing

Doc 18-2       Calculation Sheet for Disposal Site Volume
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B. Calculation

B1 Landfill volume calculation

To calculate landfill site volume to match with accumulated required landfill volume (ARLV) 

Step 1: Accumulated required landfill volume (ARLV)

Step 2: Input approximate land area (Width and length)

1 Required landfill volume Vlr= m3

2 Planed bottom length B1= m

3 Planed bottom width L1= m

4 Calculated bottom area A1= m2

Step 5: Input estimated height of landfill site

5 Proposed Height m

6 Calculated top length B2= m

7 Calculated top width L2= m

8 Calculated top area A2= m2

9 Calculated landfill volume Vlc= m3

B2 Soil balance calculation

To calculate soil balance between excavation and embankment filling

Step 10: Input excavate height

10 Proposed excavate height H1= m

11 Calculated embankment height H2= m

12 Proposed excavate soil volume Ves= m3

13 Required embankment soil volum Vev= m3

m3

B= m

L= m

A= m2

Vlc= m3

B1= m

L1= m

B2= m

L2= m

H1= m

H2= m

A2=B2xL2

Vlc=(A1+A2)/2x(H1+H2)

Vlr is biger than Vlc => OK
If Vlr is smaller than Vlc =>
back to step 2

1,500

Ves=(A1+(B1+1.5xH1x2)
x(L1+1.5xH1x2))/2xH1

Required length 82.3

OK

Required width 102.3

5.90

Vev=(5+5+H2x1.5x2)/2xH2
x(B2+5+L2+5)x2

Ves-Vev=0~500 m3 => OK
Ves-Vev>501 m3 => surplus
Ves-Vev<0 m3 => Not enough

30,000

50.0

30.0

Formula

A1=B1xL1

B2=B1+5x2+1.5x(H1+H2)x2

L2=L1+5x2+1.5x(H1+H2)x260.0

5.9

H1+H2= 10.0

80.0

30.0

80.0

OK

4,800

31,500

Required area

4.10

13,951

13,715

50.0

8,419.3

237Surplus

Dimension of landfill site

4.1

31,500

Excavate depth

Embankment height

Receivable volume

Bottom length

Bottom width

Top length

Top width 60.0
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d.20 Document 19: Calculation Sheet for Collection System Planning 

Productivity 

Compactor truck
Description Unit

A Capacity in weight t 10.00 10.00 10.00 6.00 6.00 6.00 6.00
B Capacity in volume m3 15.00 15.00 15.00 8.00 8.00 8.00 8.00
C Half way distance km 0.50 18.80 15.00 7.40 16.60 35.00 15.00
D=C*2 One trip distance km 1.00 37.60 30.00 14.80 33.20 70.00 30.00
E Velocity of vehicle km/h 35.00 35.00 35.00 35.00 35.00 35.00 35.00
F Spesific gravity of waste t/m3 0.20 0.20 0.20 0.20 0.20 0.20 0.20
G Density of waste when hauled t/m3 0.45 0.45 0.45 0.45 0.45 0.45 0.45
H t1:Working hour h 7.50 7.50 7.50 7.50 7.50 7.50 7.50
I t2:Daily service time min 30.00 30.00 30.00 30.00 30.00 30.00 30.00
J t3:Loading time per trip min 120.00 120.00 120.00 64.00 64.00 64.00 64.00
K t4:Unloading time min 5.00 5.00 5.00 5.00 5.00 5.00 5.00
L E: Efficiency of loading capacity - 0.90 0.90 0.90 0.90 0.90 0.90 0.90
M f: Efficiency of working time - 0.90 0.90 0.90 0.90 0.90 0.90 0.90
N Nos of trips per day times 2.98 2.00 2.14 4.01 3.00 2.00 3.14
O Adjusted Nos of trips per day times 3.00 2.00 2.00 4.00 3.00 2.00 3.00
P=BxOxL Waste carried per trip t/trip 6.08 6.08 6.08 3.24 3.24 3.24 3.24
Q=PxO Waste carried per day t/d 18.23 12.15 12.15 12.96 9.72 6.48 9.72

Dump Truck
A Description Unit Skipper
B Capacity in weight t 6.00 6.00 6.00 6.00 6.00
C Capacity in volume m3 10.00 10.00 10.00 10.00 5.50
D=C*2 Half way distance km 0.40 18.50 74.00 10.00 15.00
E One trip distance km 0.80 37.00 148.00 20.00 30.00
F Velocity of vehicle km/h 35.00 35.00 35.00 35.00 35.00
G Spesific gravity of waste t/m3 0.30 0.30 0.30 0.30 0.30
H Density of waste when hauled t/m3 0.30 0.30 0.30 0.30 0.30
I t1:Working hour h 7.50 7.50 7.50 7.50 7.50
J t2:Daily service time min 30.00 30.00 30.00 30.00 30.00
K t3:Loading time per trip min 120.00 120.00 120.00 120.00 5.00
L t4:Unloading time min 5.00 5.00 5.00 5.00 5.00
M E: Efficiency of loading capacity - 0.90 0.90 0.90 0.90 0.90
N f: Efficiency of working time - 0.90 0.90 0.90 0.90 0.90
O Nos of trips per day times 2.99 2.01 1.00 2.37 6.15
P=BxOxL Adjusted Nos of trips per day times 3.00 2.00 1.00 2.00 6.00
Q=PxO Waste carried per trip t/trip 2.70 2.70 2.70 2.70 1.49

Waste carried per day t/d 8.10 5.40 2.70 5.40 8.91

N=( 60 x H - I ) x M / ( D / E x 60 +J + K )

Dump truck

Compactor 15 m3 Compactor 8 m3

 

Equipment cost 

Exchange rate
1$ 1300 Tg

Basic price Basic price Life year Salvaged value Depriciation Depriciation
Maintenance

cost rate
Mantenance

cost
Mantenance

cost
USD Tg years Tg Tg/year Tg/day % Tg/year Tg/day

Compactor truck 15m3, 10to 95,000 123,500,000 8 12,350,000 13,893,750 38,065 6% 7,410,000 23,685
Compactor truck 8m3, 6ton 80,000 104,000,000 8 10,400,000 11,700,000 32,055 6% 6,240,000 19,945
Dump truck 10m3, 6ton 65,000 84,500,000 8 8,450,000 9,506,250 26,045 6% 5,070,000 16,205
Skipper truck 5m3 0 8 0 0 6% 0 0
Wheel loader 130,000 169,000,000 12 16,900,000 12,675,000 34,726 6% 10,140,000 32,411
Wheel backhoe 100,000 130,000,000 12 13,000,000 9,750,000 26,712 6% 7,800,000 24,932  
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Salary & Fuel cost 

Salary Nos of persons Salary Salary Salary Salary
persons Tg/person/month Tg/month Tg/day Tg/year

Driver 1 200,000       200,000       6,667             2,400,000
Collection worker 2 150,000       300,000       10,000           3,600,000
Total 16,667           6,000,000

Note: The above condition is applied to all types of collection equipment used.

Fuel Unit Rate
Diesel Tg/l 1400
Gasoline Tg/l 1300

 

O&M Cost 

Items Unit
Compactor
15m3

Compactor
8m3

Dump
truck

A T&M Survey Distance to Disposal Site km 15.0 15.0 10.0
B Catalogue Diesel consumption per km for travelling km/l 2 5 3
C T&M Survey Collection and discharge time minutes 125 69 125
D T&M Survey Effeciency for working hours 0.9 0.9 0.9
E Catalogue Diesel consumption per minutes for collection min/l 15 30 30
F A*2/B Diesel consumption for traveling liter/trip 15 6 6.7
G C*D/E Diesel consumption for collection liter/trip 7.5 2.07 3.75
H F+G Total consumption of diesel liter/trip 22.5 8.07 10.4
I Fuel Tab Unit rate of diesel Tg/liter 1400 1400 1300
J H*I Fuel cost per trip Tg/trip 31,500 11,298 13,542
K Productivity tab Trip nos per day Trip/day 2 3 2
L J*K Fuel cost per day Tg/day 63,000 33,894 27,083

Depreciation cost Tg/day 38,065 32,055 26,045
Maintenance cost Tg/day 23,685 19,945 16,205
Salary Tg/day 16,667 16,667 16,667
O&M cost per day Tg/day 141,417 102,561 86,000
Unit cost per ton of waste Tg/ton 11,630 10,552 15,926  
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Collection Truck 
1Waste Collection Amount per day
Type of area Waste source unit 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Apartment Apartment t/day
Business t/day

Ger Ger t/day
Total t/day

2. Waste Collection Amount per day by type of collection trucks
Type of Waste Type of Truck unit 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Apartment Compactor t/day
Business Compactor t/day

CT Total t/day
Ger Dump truck t/day

DT Total t/day

3. Waste Collection Amount per day by type of trucks in case 1 day off in a week
Type of Truck unit 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Compactor t/day
Dump truck t/day
Total t/day

4. Selection of Capacity of Compactor
Type of Truck Capacity unit 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Compactor 15m3 % 80%
Compactor 8m3 % 20%
Dump truck 10m3 % 100%

5. Waste Collection Amount by Type and Capacity of Trucks
Type of Truck Capacity unit 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Compactor 15m3 t/day
Compactor 8m3 t/day
Dump truck 10m3 t/day

6. Average Trip per day by type of trucks Refer to "Productivity" Tab

trips/d trips/d trips/d t/trip t/trip t/trip t/v/d t/v/d t/v/d

unit Haulage
distance

Compacto
r 15m3

Compacto
r 8m3

Dump
truck

Compacto
r 15m3

Compacto
r 8m3

Dump
truck

Compacto
r 15m3

Compacto
r 8m3

Dump
truck

Apartment Area km 6.08 3.24 2.70 0.0 0.0 0.0
Ger Area km 6.08 3.24 2.70 0.0 0.0 0.0

7. Number of Trucks Required
Type of Truck Capacity unit 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Compactor 15m3 Nos
Compactor 8m3 Nos
Dump truck 10m3 Nos

8 Roundup number of trucks required
Type of Truck Capacity unit 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Compactor 15m3 Nos
Compactor 8m3 Nos
Dump truck 10m3 Nos

Total Nos

9. Number of trucks to be Procured in each year
Type of Truck Capacity unit 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Compactor 15m3 Nos
Compactor 8m3 Nos
Dump truck 10m3 Nos

Total Nos

10. Investment Amount in each year  refer to "Equipment Cost" tab
Type of Truck Capacity unit 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Compactor 15m3 Tg
Compactor 8m3 Tg
Dump truck 10m3 Tg

Total Tg

11.Dayly Operation and Maintenance Costs in each year  refer to O&M tab
Type of Truck Capacity unit 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Compactor 15m3 Tg
Compactor 8m3 Tg
Dump truck 10m3 Tg

Total Tg

12. Annual Operation and Maintenance Costs in each year.
Type of Truck Capacity unit 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Compactor 15m3 Tg
Compactor 8m3 Tg
Dump truck 10m3 Tg

Total Tg

Average trip no. per day Average haulage amount per trip Waste amount carried per day
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Sample Calculation 

1Waste Collection Amount per day
Type of area Waste source unit 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Apartment Apartment t/day 12.0 12.6 13.2 13.9 14.6 15.3 16.1 16.9 17.7 18.6
Business t/day 6.0 6.3 6.6 6.9 7.3 7.7 8.0 8.4 8.9 9.3

Ger Ger t/day 30.0 31.5 33.1 34.7 36.5 38.3 40.2 42.2 44.3 46.5
Total t/day 48 50.4 52.9 55.6 58.3 61.3 64.3 67.5 70.9 74.5

2. Waste Collection Amount per day by type of collection trucks
Type of Waste Type of Truck unit 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Apartment Compactor t/day 12.0 12.6 13.2 13.9 14.6 15.3 16.1 16.9 17.7 18.6
Business Compactor t/day 6.0 6.3 6.6 6.9 7.3 7.7 8.0 8.4 8.9 9.3

CT Total t/day 18.0 18.9 19.8 20.8 21.9 23.0 24.1 25.3 26.6 27.9
Ger Dump truck t/day 30.0 31.5 33.1 34.7 36.5 38.3 40.2 42.2 44.3 46.5

DT Total t/day 30.0 31.5 33.1 34.7 36.5 38.3 40.2 42.2 44.3 46.5

3. Waste Collection Amount per day by type of trucks in case 1 day off in a week
Type of Truck unit 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Compactor t/day 21.0 22.1 23.2 24.3 25.5 26.8 28.1 29.5 31.0 32.6
Dump truck t/day 35.0 36.8 38.6 40.5 42.5 44.7 46.9 49.2 51.7 54.3
Total t/day 56.0 58.8 61.7 64.8 68.1 71.5 75.0 78.8 82.7 86.9

4. Selection of Capacity of Compactor
Type of Truck Capacity unit 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Compactor 15m3 % 80.0% 80% 80% 80% 80% 80% 80% 80% 80% 80%
Compactor 8m3 % 20.0% 20% 20% 20% 20% 20% 20% 20% 20% 20%
Dump truck 10m3 % 100.0% 100% 100% 100% 100% 100% 100% 100% 100% 100%

5. Waste Collection Amount by Type and Capacity of Trucks
Type of Truck Capacity unit 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Compactor 15m3 t/day 16.8 17.6 18.5 19.4 20.4 21.4 22.5 23.6 24.8 26.1
Compactor 8m3 t/day 4.2 4.4 4.6 4.9 5.1 5.4 5.6 5.9 6.2 6.5
Dump truck 10m3 t/day 56.0 58.8 61.7 64.8 68.1 71.5 75.0 78.8 82.7 86.9

6. Average Trip per day by type of trucks Refer to "Productivity" Tab

trips/d trips/d trips/d t/trip t/trip t/trip t/v/d t/v/d t/v/d

unit Haulage
distance

Compacto
r 15m3

Compacto
r 8m3

Dump
truck

Compacto
r 15m3

Compacto
r 8m3

Dump
truck

Compacto
r 15m3

Compacto
r 8m3

Dump
truck

Apartment Area km 15.0 2 3 6.08 3.24 2.70 12.2 9.7 0.0
Ger Area km 10.0 2 6.08 3.24 2.70 0.0 0.0 5.4

7. Number of Trucks Required
Type of Truck Capacity unit 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Compactor 15m3 Nos 1.4 1.5 1.5 1.6 1.7 1.8 1.9 1.9 2.0 2.1
Compactor 8m3 Nos 0.4 0.5 0.5 0.5 0.5 0.6 0.6 0.6 0.6 0.7
Dump truck 10m3 Nos 10.4 10.9 11.4 12.0 12.6 13.2 13.9 14.6 15.3 16.1

8 Roundup number of trucks required
Type of Truck Capacity unit 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Compactor 15m3 Nos 2 2 2 2 2 2 2 2 3 3
Compactor 8m3 Nos 1 1 1 1 1 1 1 1 1 1
Dump truck 10m3 Nos 11 11 12 13 13 14 14 15 16 17

Total Nos 14 14 15 16 16 17 17 18 20 21

9. Number of trucks to be Procured in each year
Type of Truck Capacity unit 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Compactor 15m3 Nos 2 0 0 0 0 0 0 0 1 0
Compactor 8m3 Nos 1 0 0 0 0 0 0 0 0 0
Dump truck 10m3 Nos 11 0 1 1 0 1 0 1 1 1

Total Nos 14 0 1 1 0 1 0 1 2 1

10. Investment Amount in each year  refer to "Equipment Cost" tab
Type of Truck Capacity unit 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Compactor 15m3 1000Tg 247,000 0 0 0 0 0 0 0 123,500 0
Compactor 8m3 1000Tg 104,000 0 0 0 0 0 0 0 0 0
Dump truck 10m3 1000Tg 929,500 0 84,500 84,500 0 84,500 0 84,500 84,500 84,500

Total 1000Tg 1,280,500 0 84,500 84,500 0 84,500 0 84,500 208,000 84,500

11.Dayly Operation and Maintenance Costs in each year  refer to "O&M Cost" tab
Type of Truck Capacity unit 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Compactor 15m3 Tg 282,833 282,833 282,833 282,833 282,833 282,833 282,833 282,833 424,250 424,250
Compactor 8m3 Tg 102,561 102,561 102,561 102,561 102,561 102,561 102,561 102,561 102,561 102,561
Dump truck 10m3 Tg 1,128,167 1,128,167 1,230,728 1,333,289 1,333,289 1,435,849 1,435,849 1,538,410 1,640,971 1,743,531

Total Tg 1,513,561 1,513,561 1,616,122 1,718,683 1,718,683 1,821,243 1,821,243 1,923,804 2,167,781 2,270,342

12. Annual Operation and Maintenance Costs in each year.
Type of Truck Capacity unit 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Compactor 15m3 1000Tg 103,234 103,234 103,234 103,234 103,234 103,234 103,234 103,234 154,851 154,851
Compactor 8m3 1000Tg 37,435 37,435 37,435 37,435 37,435 37,435 37,435 37,435 37,435 37,435
Dump truck 10m3 1000Tg 411,781 411,781 449,216 486,650 486,650 524,085 524,085 561,520 598,954 636,389

Total 1000Tg 552,450 552,450 589,885 627,319 627,319 664,754 664,754 702,188 791,240 828,675

Average trip no. per day Average haulage amount per trip Waste amount carried per day
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