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Abstract:

Keywords:

The scope of the specific study is the statistical prediction of the annual carbon dioxide
use emissions due to the operation of computed tomography (CT) scanners and
magnetic resonance imaging (MRI) units in hospitals, health units and diagnostic
centers, for the period between 2018 and 2030, in 120 countries across the world. The
main sources of information for this study comprise statistical data from international
organizations, scientific articles and measurements. The basic calculation tool of the
study is a mathematical model, modified in such a way so that the calculations can be
carried out using the available statistical data. In the final stage of the study, the
functions that predict the carbon dioxide use emissions in relation to the years, will be
extracted. Furthermore, all the errors and uncertainties of the mathematical model will
be estimated. The conclusion, arising after implementation of the calculations, is that
the carbon dioxide use emissions of CT scanners and MRI units are expected to grow
by 30%, i.e., from 0.344 gigatonnes in 2018 to 0.497 gigatonnes in 2030.

CT scanner; MRI unit; carbon dioxide; energy consumption; CO2 emissions
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INTRODUCTION

In recent years, the increase of carbon dioxide emissions
in the atmosphere has contributed to the deterioration of
the greenhouse effect. Carbon dioxide corresponds to
65% of total global greenhouse gas emissions (IPCC,
Carbon dioxide emissions from the energy sector
amount to 32.1 x 10° tonnes CO, (IEA, 2017). The
Health Services sector is also important in terms of
energy consumption and carbon dioxide emissions.
Indicatively, hospitals require sustainable temperature
conditions due to the presence of patients and people
with health problems, and HVAC systems must operate
almost all day, irrespective of the season. Also, certain
type of medical equipment and devices, such as CT
scanners and MRI units, require significant power. The
level of their average energy consumption is quite
significant, and their relevant carbon dioxide emissions
are worth investigating.

Measurements that were conducted jointly by the
World Health Organization & the International
Federation of Home Economics, on a set sample of
hospitals, showed that the total carbon dioxide use
emissions in hospitals amount to 142.56 Kg €0,/m? per
year or 20,907 Kg C0,/bed per year (Merlevede, 2013).
Measurements that were conducted in healthcare
institutions in Europe, showed that the average installed
power of HVAC systems varied between 11 -
60kW/bed or 0.12 — 0.5 kW/m?. The average power of
lamps varied between 2 — 6 kVA/bed (Merlevede,
2011). The cost of energy consumption for the
healthcare section amounted to $8.8 billion, for 2010
(Esmaeili et al., 2011). Determination of the amount of
emitted carbon dioxide in the atmosphere due to the
operation of a piece of equipment, was mainly based on
the carbon footprint of the specific equipment.

According to the resulting data, after searching on
the scopus and sciencedirect databases, the term “carbon
footprint” appears in the relevant literature, in 2005
(Wiedmann and Minx, 2008). “Ecological footprint™ is
the predecessor of carbon footprint, and the term was
proposed by W.E. Rees (1992). There is no specific
definition of “carbon footprint” and each scientist
provides a somewhat different definition (Grubb and
Ellis, 2007; Patel, 2006; Wiedmann and Minx, 2008).

In the specific study, carbon footprint is defined as
the ratio of the mass of carbon dioxide emitted into the
atmosphere due to the operation of the CT scanner
and/or MRI unit to the time elapsing of a specific
operation cycle of the CT scanner and/or MRI unit or to
the energy saving of the CT scanner and/or MRI unit.
More information concerning the methodology of
calculations of emitted carbon dioxide, as well as the
remaining processes, is defined by GHG Protocol
Calculation Tools and the guidelines for national GHG
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inventories of IPCC (Bhatia, 2008; IPCC, 20006).
According to “Industrial Processes and Product Use”
(IPCC, 2006), the total carbon emissions “CE” of a
piece of equipment are defined as the sum of the
following carbon emissions:

C.ET = CE“+CEI+EEU+CED (1)

This study only examined equipment use carbon
emissions CE; for CT scanners and MRI units.
According to the hybrid approach method (IPCC, 2006),
the use carbon emissions of a piece of equipment are
equal to:

CEyy. = EC X EF (2)

The number of CT scanners and MRI units in some
countries

CT scanners and MRI units are used extensively in
medical imaging, for the purposes of health diagnosis.
The number of specific diagnostic medical devices has
increased from 1990 to 2009 (OECD, 2011). Also, over
the past ten years, the use of these devices for computed
and magnetic tomographies has increased (Bindman et
al., 2008).

According to the statistical data of the Organisation
for Co-operation and Development, there are more than
31,861 MRI units or 20,192 MRI units per million
population and 48,493 CT scanners or 30,464 CT
scanners per million population in 34 countries for
2015, with the exception of China (OECD, 2017a;
OECD, 2017b). There are more than 10,000 CT
scanners in China (Wang et al., 2016) and the number
of CT scanners has increased by 45.3%.s MRI units
show a similar increase (He et al., 2013). In addition,
according to other sources, China has approximately 1
CT scanner per 1.37 — 8.52 million population and India
has approximately 1 CT scanner per 11.55 — 26.69
million population (Ciarmiello and Mansi, 2016).

The information regarding the number of CT
scanners and MRI units for 36 OECD countries was
derived from OECD 2012, OECD 2013, and OECD
2017; the information for the remaining countries of the
world was derived from the Global Health Observatory
data repository of the World Health Organization, for
the period 2010 — 2014 (Kabongo et al., 2015; WHO,
2016). The values of specific carbon dioxide emission
coefficients are derived from the Covenant of Mayors of
the European Union for 23 European countries and from
Brander (2011) for the sample’s remaining 97 countries.
Concerning China and India, two of the world’s most
populous countries, there are no reliable and precise
data regarding the number of CT scanners and MRI
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units for each year. There are only approximate values
per million residents. OECD provides the values about
the number of examinations on medical devices for 23
countries (OECD, 2014a; OECD, 2014b). The values
for the remaining 97 countries have been approximately
determined, using linear interpolation and regression
analysis according to Eq. (5a) and (5b).

MATERIALS AND METHODS
Progress of the research

The estimation process of carbon dioxide use emissions
of CT scanners and MRI units and the research progress
are analytically described in the following steps (Fig. 1).

Estimation of the number of medical devices and
the number of examinations that were carried out
on CT scanners and MRI units in 120 countries
with 6.08 billion population for 2013 (United
Nations, 2013). The number of examinations of
each country is estimated, for the period between
2010 and 2016.
Estimation of the average energy consumption
per examination on the CT scanners and MRI
units.
Determination of the specific electricity factor of
the generation system of each country (Brander et
al., 2011; Covenant of Mayors of EU).
Calculation of the number of examinations that
were carried out on CT scanners and MRI units
for the countries with available statistical data
(OECD, 2014a; OECD, 2014b).
Calculation of carbon dioxide use emissions of
CT scanners and MRI units for the countries with
available statistical data by applying Eq. 3.
Determination of NE , .'/NE g, ratio according to
equations (5a), (5b) and approximate calculation
of the number of examinations that were carried
out using the medical devices, for the countries
with unavailable statistical data.
Calculation of carbon dioxide use emissions of
CT scanners and MRI units for the countries with
unavailable statistical data, by applying Eq. 3.
Calculation of total carbon dioxide emissions of
120 countries from 2010 to 2016, by applying
Eq. 6. See Tables 6—7 in appendix.
(i)  Extraction of the functions CEy,,, (t) and
CEy ., (t), using regression analysis and the curves
in Figs 4—6.
()  Estimation of the errors and uncertainties
calculated by Eqs. 9-18. Calculation of the total
uncertainty of the model carried out by applying
Eq. 18.

(a)

(b)

(©)

(d)

(e)

S

€9)

(h)

174

Estimation of the average energy consumption of CT
scanners and MRI units

The estimation of the average energy consumption of a
device is a basic step for the determination of emitted
carbon dioxide due to the operation of this device. With
regard to the CT scanners and MRI units, it is very
difficult to determine the average energy consumption
with precision, because these devices do not have
constant power during turn-on. In addition, there are
different types and technologies for these devices, with
different power levels and differentiation in energy
consumption. The search for information about the
energy consumption per examination of the
abovementioned medical devices is a good practice for
determining the consumption with lower uncertainty.

According to Herrmann and Rock (2012),
measurements that were carried out on various MRI
units with different consumption and operation profiles,
show that the average energy consumption amounts to
15.3 kWh per patient or examination. Measurements
carried out by COCIR (2012), show that the average
energy consumption of MRI units amounts to 9.6 kWh
per patient or examination. The energy consumption-
time curves of MRI units that were extracted in the
technical report by NREL (Sheppy et al. 2014), show
that the first MRI unit consumes about 356.2 kWh and
the second MRI unit consumes about 268.3 kWh and
286.7 kWh for two different operation days.
Considering that the average time of examination, using
the MRI unit, varied between 30 to 45 minutes
(Bushong, 2003) and the time-lapse between two
examinations is 10 m., it becomes apparent that the
average time per patient or examination is 47.5 m. The
abovementioned energy consumptions are standardized
at 25.8 kWh/examination for the first MRI unit, 11.8
kWh/examination and 11.7 kWh/examination for the
second MRI unit, with two different operation profiles.
Based on the above data, it can be concluded that the
average energy consumption for MRI units is 15.63 +
22.96% kWh per patient or examination.

With regard to the energy consumption of CT
scanners, measurements carried out on three CT
scanners (Heye et al., 2017), show that the average
energy consumption amounts to 2.1 kWh/examination.
Measurements on two other CT scanners, show that the
average energy consumption amounts to 13.04
kWh/patient or examination and 6.71 kWh/patient or
examination (Twomey et al., 2012). The energy
consumption - time curves of three CT units, according
to the technical report by NREL (Sheppy et al. 2014),
show that the average energy consumption of the three
CT scanners amounts to 69.6 kWh, 102 kWh and 238.8
kWh respectively. Taking under consideration the
average time of examination in the CT scanner is 30 m.
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Countries included in the sample of the case study

Countries without available statistics Countnes with available statistics
about the number of examinations about the number of examinations

per inhabitant from 2010 to

Average number of examinations

2016 [*

Average energy consumption
of CT scanners / MRI units.

Spedific emission factor of each
country (Kg CO2’kWh).

between Nyc/Noecd

Numencal correlation

GDPC/GDPC (Eq. 5)

and

Y ¥

opulation of each country
from 2010 to 2016

Number of examinations of each country

from 2010 to 2016

L 4

ICarbon dioxide emissions of each||Carbon dioxide emissions of each
country from 2010 to 2016 for country from 2010 to 2016 for
the countries without available the countries with available

statistics statistics

Estimation of Total carbon dioxide emissions from| | Estimation of
uncertainties fy;, . 2010 to 2016 for each country uncertainties ;5
Regression analysis between total

carbon dioxide emissions ZCEu and
the time
¥

¥
[Calculation of total uncertainty of the mathematical model|

Fig. 1 Progress of calculations.
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Table 1. The values regarding average energy consumption per
examination

A/A MRI units CT scanners
(kWh/exam) (kWh/exam)

1 15.3 2.1

2 9.6 13.74

3 25.8 6.71

4 11.8 1.9

5 11.7 2.8

6 — 6.6
Avg. 15.63 5.53
TEcP +22.96% +31.55%

(Herts et al., 1998) and the time-lapse between two
examinations is 10 m., it becomes apparent that the
average time per patient or examination is 40 m. The
abovementioned CT scanner energy consumptions are
standardized  at 1.9  kWh/examination, 2.8
kWh/examination and 6.6 kWh/examination
respectively. Based on the above data, it can be
concluded that the average energy consumption for CT
units is 5.53 £ 31.55% kWh per patient or examination.

Application of modified mathematical model

The present study utilizes the application of a modified
model of Eq. (2) for the estimation of carbon dioxide
emissions. The specific model has been modified in
such a way that the calculation of carbon dioxide
emissions can be carried out, using available statistical
data. According to the model:

CEyy. = ECP x NE . X EF,, 3)

Countries with unavailable statistics

If value NE . is not available via statistics, the number
of examinations carried out using the medical device, is
approximately calculated as a function of the Gross
Domestic Product per Capita of each country.

NE,' (GDPC
= =
GDPC)

NE
OECD

, —_— GDPC 4)
= NEYf = ‘ME-DEI:'D ¥ o f(:)ﬁ

GOPC
NPye X NEggep . (GDPE‘)

1000 GDPC

=NE,. =

The numerical relationship between dimensionless ratio
GDPC/GDPC and NE, '/NEygc, ratio is governed by
Eqs. 5a-5b. Regression analysis in Figs 2—3. These
functions were the result of regression analysis in the
available statistical data of 23 OECD countries.
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18

Nyc'/Noecd ratio

GDPC/GDPC ratio

Fig. 2 Regression analysis between GDPC/GDPC ratio and
NE ,.'/NEggcp ratio for MRI units, r?=0.365.

o

Myc/Moecd ratio

05

il 0s 1 15 2 25
GDPCIGOPC ratio

Fig. 3 Regression analysis between GDPC/GDPC ratio and
NE ,.'INEggp ratio for CT scanners, r2=0.377.

Basic restriction for the above functions, Egs.
5a—5b, 0 < GDPC/GDPC < 2.5. The dimensionless ratio
for MRI units is equal to:

= 0.9579 (_—

GDPC (5a)

‘n"'rE{'.I'ECD ¥

The dimensionless ratio for CT scanners is equal to:

NE..

’n"'rEﬂEED ¥

The total carbon dioxide emissions due to the operation
of CT scanners and MRI units for a number of 120
countries is equal to:

120

Z CEyye = CEyy , + -+ CEyy o (©6)
£=1
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Table 2. Average number of MRI and CT examinations per 1000
population for the sample of 23 countries of the OECD.

Year NEokcp NEogcp
(MRI exams per 103) (CT exams per 103)
2010 49.6 123.6
2011 52.9 130.4
2012 56.1 133.5
2013 60.0 142.6
2014 63.7 148.7
2015 67.5 149.9
2016 71.2 158.8

The Y indicator corresponds to the different year
between 2010 and 2016, the C indicator corresponds to
the country. The country in the first position of Tables
5—6 is shown as number 1 and the country in the last
position is shown as number 120. The Eq. 7 represents
the correlation between total carbon dioxide emissions
in relation to the years after the conduct of the
regression analysis.

120
CEy () = f (Z CEUYC) )+,

ERRORS AND UNCERTAINTIES

(7)

Every calculation of the carbon dioxide emissions of
each country reveals an error that is propagated and
possible to estimate.

120

z CEuye {1 L ‘"Ev.:} =
c=1

=CEyy, (1 x r-TY.l) + o+ CEyy g (1 t ":W.L:-:l)

®)

With regard to the countries with unavailable
statistics on the number of examinations, there exist the
following errors, propagated in Eq. (3):

(CEy + 15,,,) = (ECP * rgzp)(NE * 1y )EF,.

©
S Teyac = TP + g’ )
For equation (4):
L 0OST(VPE o) (NBoeco + rome)
NE T Thg = 1000
0,703
GDPC
% | —0—oe 1t )= 10
(GDFC "'T'c;apc) (1% Tree) o

- —_ 2 . 2 2 2
=Tyg = J'r,'.rp‘ ‘ot T T
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With the replacement of Eq. (10) by Eq. (9), we
have the following form:

LE T erz + ?",l.“:r2 + Tmz + TEDPC','z + r,-ar: (11)

Calculation of r;ppc with regard to the MRI units,

Eqgs. (5a) and (5b):
Sf(GDPC GDPC' ;GDPC\*7%2
8F(6DPC) _ 0.703 ( ) ( )
Scppc GDPC) \GDPC
GDPC*4% (12)
2 _—
— rEDPC = DI494‘_{}EP63'4UE‘

Calculation of rgp With regard to the CT scanners:

8f(GDPC) _ 0.80%6 (GDPC)' (Gﬂpc)“'s'”"" -
Soope ' GDPC/ \GDPC

= ?‘GDPCZ = 0.64'4'

GIDPCEAUE

With regard to the countries with available statistics
on the number of examinations, the following errors
exist in Eq. (3):

(CEy +1,,) = (ECP * rggp) X NE X EF, &

(14)

It is concluded that the errors among the 23 countries
with available statistics on the number of examinations
are the same and the errors among the 97 countries with
unavailable statistics are also the same. Consequently,
Eq. (8) can be written as follows:

120
(1£%,) Z CEyye =
(15)
(Lx7,) Z CEyye + (1 £ Ty y5) Z CEuye
c=1 C=77

The total error of the calculations of carbon dioxide
emissions of CT scanners or MRI units for each year
can be determined by the following equation:

113

a . (14)
Top = (Teas” T lsyas” =

"
Top = Jnggp- +ryp? + ot Freppe® "

(16)
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The error Trat is calculated as:

— 1 —
Toar = 1 T

(17)

The abovementioned errors and mathematical relations
are the same for CT scanners and MRI units. The total
uncertainty of the model after the sum of carbon dioxide
emissions of CT scanners and MRI units is calculated
by Eq. (18):

(18)

- .y
TUicr+mrry = JT-'-‘F'iET'] + eroven

RESULTS AND DISCUSSION

The proposed modified model for the prediction of
carbon dioxide use emissions is a theoretical model,
based on the available statistics and has not been
investigated by researchers. In addition, this model is
designed in such way as to receive and utilize OECD
statistical data on the number of examinations using CT
scanners and MRI units. The main advantage of this
model is the possibility to estimate errors and
uncertainties, but its disadvantage is the resulting high
level of uncertainty. Further investigation of the model
is necessary in the future.

The total estimated uncertainty is high. This is both due
to the low number of countries with available statistics
regarding the number of examinations using the medical
devices per 1,000 population, as well as the low
correlation coefficient in (5a) (5b) and the high standard
error of measurements regarding the average energy
consumption per examination of CT scanners and MRI
units. These three errors contribute to the total
uncertainty at approximately 95.7% for MRI units and
94% for CT scanners. Calculations for the present study
utilized the population and GDP per capita for 2013.
This was done in order to ensure less calculations and
complexity.

Table 3. Aggregated data of the errors.

Type of error (%) MRI Units (%) CT Scanners (%)
T5cP 22.96 31.55
T5Ech 10.7 14.9
Tt 39.58 38.6
Typ 0.96
Ts s 22.96 31.55
Tsnas 47.0 52.0
Top 523 60.9
e 0.00084 0.0098
TU 80.3
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0.2
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0.16
0.14

0.12
y =0.0093x-18.467

o1 R? = 0.9983

0.08
0.06
0.04
0.02

0

2008 2010 2012 2014 2016 2018

Fig. 4 Total carbon dioxide emissions (X 10'? kg) due to the
operation of MRI units for 120 countries in relation to time,
r%=0.9983.

0.1
0.09
0.08

0.07

y=0.0034x-6.8171
R? =0.9804

0.06
0.05
0.04
0.03
0.02
0.01

0

2008 2010 2012 2014 2016 2018
Fig. 5 Total carbon dioxide emissions (X 10'? kg) due to the
operation of CT scanners for 120 countries in relation to time,

12=0.9804.

0.25

0.2 -
y =0.0127x-25.284
R? =0.9973

0.1
0.05

o]

2008 2010 2012 2014 2016 2018

Fig. 6 Total carbon dioxide emissions (X 1012 kg) for the joint
operation of CT scanners and MRI units for 120 countries, in

relation to time, 72=0.9973.
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Table 4. Participation rate of carbon dioxide use emissions due to
the operation of MRI units and CT scanners in 120 countries from
2010 to 2016 (Global Carbon Atlas; Boden et al., (2017); UNFCCC,
(2017); BP, (2017)).

Participation rate

Year ergl(s)}:)ﬂsc((()}%C) CEEJCI}"’ tR(’:;CT of COZ(;n)lissions
0
2010 334 0.201 0.602
2011 34.8 0.213 0.612
2012 354 0.223 0.63
2013 35.8 0.239 0.668
2014 36.1 0.252 0.698
2015 36.0 0.262 0.728
2016 36.2 0.277 0.765

Table 5. Aggregated data of the total carbon dioxide emissions due
to operation of MRI units and CT scanners for 120 countries from
2010 to 2016 (GtC).

Year MRI units CT scanners Sum
(GtC) (GtC) (GtC)
2010 0.127 0.074 0.201
2011 0.135 0.078 0.213
2012 0.143 0.080 0.223
2013 0.153 0.086 0.239
2014 0.163 0.089 0.252
2015 0.172 0.090 0.262
2016 0.182 0.095 0.277
09
0.8 .
0.7 %
0.6 — "
0.5
0.4 vy =0.0293x3-3.0269%x% +104.18x-1194.5
R?=0.9329
03
0.2
0.1
0
33 34 35 36 37

Fig. 7. Numerical correlation between global carbon dioxide
emissions “GCD” (X 10%? kg) and participation rate of carbon
dioxide emissions of MRI units and CT scanners in 120 countries
from 2010 to 2016, 72=0.9329.

There are the following regression functions:

Fig. 4 CEy,,q; (t) = 0.0093t — 18.467 (19)
Fig. 5 CEy,, (t) = 0.0034¢t — 6.8171 (20)
Fig. 6 CEypppacy () = 00127t — 25284 (21)
Basic restriction for Eqs. 19-21, t > 2010.
PR(GCD) = 0.0293GCD® — 3.0269GCD? + 22)

+104.18GCD + 1194.5
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CONCLUSIONS

After the implementation of the proposed model’s
calculations regarding carbon dioxide emissions, there
exists a high degree of positive correlation and
emissions increase linearly in relation to time. The total
carbon dioxide use emissions of MRI units and CT
scanners amounted to 0.277 GtC in 2016 for 120
countries, a number corresponding to 0.77% of global
carbon dioxide emissions for 2016.

The carbon dioxide emissions of MRI units
increased about 4.9% per year and the emissions of CT
scanners increased about 3.6% per year. The carbon
dioxide emissions for the joint operation of MRI units
and CT scanners increased about 4.7% per year and are
expected to grow cumulatively by 30.8% from 2018 to
2030, in 120 countries. Specifically, according to the
results, carbon dioxide emissions are estimated to
increase, from 0.344 gigatonnes in 2018, to 0.497
gigatonnes in 2030. For 2018, 56.6 Kg €O, correspond
to each inhabitant in the 120 countries of the sample. In
addition, the change in the participation rate of carbon
dioxide emissions for MRI units and CT scanners, in
relation to global carbon dioxide emissions, may be
governed by a 2" or higher order polynomial equation.

NOMENCLATURE - ABBREVIATIONS

CEy: Equipment manufacturing carbon
emissions.
CE;: Equipment installation carbon emissions.
CEy: Equipment use carbon emissions.
CEp: Equipment disposal and final carbon
emissions.
EC: The average energy consumption of
equipment in kWh.
EF: The carbon dioxide emissions of country in
Kg €0,/kWh.
Y: The year.
C: The country
ECP: The average energy consumption per
examination of device in kWh.

NE .. The number of examinations that carried out
in the medical device for each year and
country.

EF .. The specific carbon dioxide emission
coefficient of each country in Kg €0,/kWh.
my Average number of MRI and CT
examinations per 1000 population for the
countries with available statistics [25 — 26].
NE,.: The estimated number of examinations that

carried out in the device per 1000

population for each year and country.
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NPy.: The population of each country for 2013.
GDPC: The gross domestic product per capita of
each country in dollars for 2013 [35 — 36].
GDPC: The average gross domestic product per
capita of the OECD countries for 2013
(389369).
Toyc: The total error that corresponds in the

calculation of each country and year.

r,: The error of the final function of regression
analysis.

0: Symbolizes the absolute error.

.. The correlation coefficient of equations (5a)
and (5b).

7s,s: The error (%) that corresponds to the 23
countries with available statistics.
Tenase Ihe error (%) that .correspoqu. to the 97
countries with unavailable statistics.
1., The total error (%) of calculations.
rgep.  The standard deviation (%) of the average

energy consumption per examination of
MRI units and CT scanners that was
calculated in the present study.

ryg. The average standard deviation (%) of the
number of examinations in MRI units and
CT scanners for the countries without
available statistical data.

Tsrep:  1he standard deviation (%) of the average
number of MRI and CT examinations per
1000 population of the sample of the OECD
countries with available statistical data.
T, This error concerns the equations (5a) (5b)
and calculated by (17).
ryp: The error (%) due to the variation of
population from 2010 to 2016.
Teppc:  Lhe error (%) due to the variation of gross
domestic product per capita of world and
each country from 2010 to 2016.
TU: Total uncertainty of the model.
PR: Participation rate (%).
GCD: Global carbon dioxide emissions (GtC)
GtC: Gigatonnes of carbon emissions.
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APPENDIX
Table 5. Estimated carbon dioxide emissions for MRI units in tonnes
Countries P012>‘(~)11133t30n GDPC($)  Ratio Ii(ligc 2010 2011 2012 2013 2014 2015 2016
(x 10) 2013 (B4 coppewn

Afghanistan 30.55 1877.4 0.114 1.2138 3267 3485 3696 3953 4196 4447 4690
Albania 3.17 4414.7 0.207 0.0091 4.637 4945 5244 5609 5955 6.31 6.656
Argentina 40.54 12977 0.442 0.3919 5449 5812 6164 6592 6999 7416 7823
Angola 21.47 6400.7 0.269 0.3795 1700 1814 1923 2057 2184 2314 2441
Armenia 2.98 7997.4 0.315 0.1282 9324 9945 105.5 112.8 119.8 126.9 177.9
Australia* 23.34 - - 0.9918 8394 8720 9407 9986 10456 10963 11506
Austria 8.5 50504.7 1.15 0.1768 1165 1243 1318 1409 1496 1585 1672
Azerbaijan 9.41 17172 0.539 0.3918 1540 1642 1742 1863 1978 2096 2210
Bangladesh 157.6 951.9 0.071 0.6371 5489 5854 6208 6639 7049 7469 7879
Belarus 9.36 7978.8 0314 0.6109 1393 1486 1576 1685 1789 1896 2000
Belgium* 11.1 - - 0.2248 2742 3003 3249 3510 3771 4033 4294
Belize 0.33 8179 0.32 0.2997 2452 26.15 2774 29.66 3149 3337 35.2
Bosnia &
Herzegovina 3.83 5035.9 0.227 1.3262 895.6  955.2 1013 1083 1150 1219 1286
Botswana 2.02 16111 0.515 1.8257 1473 1571 1666 1782 1891 2004 2114
Brazil 200.36 15968 0.512 0.0926 7363 7853 8328 8907 9456 10020 10570
ggurﬁgalam 0.42 81827 1.615 0.8195 430.8  459.5 4873  521.2 5533 5863 6185
Bulgaria 7.22 7674.9 0.306 1.166 1996 2129 2258 2415 2564 2716 2865
Burkina Faso 16.93 1616.8 0.102 0.7358 988.2 1054 1118 1195 1269 1345 1419
Cambodia 15.14 3069.3 0.161 1.1708 2207 2354 2496 2669 2834 3003 3168
Cameroon 22.25 3208.3 0.166 0.2166 618.9  660.1 700 748.7 7949 8423 888.5
Canada* 35.18 - - 0.1798 4577 4923 5309 5260 5596 5922 6248
Chile* 17.62 - - 0.4086 956.5 1249 1384 1575 1755 1935 2127
China 1357 7077.8 0.289 0.9736 3E+05 3E+05 3E+05 4E+05 4E+05 4E+05 4E+05
Costa Rica 4.87 14513 0.479 0.0638 115.3 123 130.4 139.5 148.1 156.9 165.5
Cote d'Ivoire 20.32 2980.3 0.157 0.5112 1267 1351 1433 1532 1627 1724 1818
Croatia 4.29 13575 0.457 0.3865 587 626.1 664 710.1 753.9 7989 8427
Cuba 11.27 6760.2 0.28 0.9381 2293 2445 2593 2774 2945 3120 3291
Cyprus 1.14 27908 0.758 0.7717 5169 5513 584.7 6253 6639 7035 742.1
Czech Republic* 10.7 - - 0.9385 5274 6121 6780 7197 7752 8308 8862
Denmark* 5.62 - - 0.3747 2001 2153 2205 2495 2690 2884 3078
Ecuador 15.74 11037 0.395 0.2696 1299 1385 1469 1571 1668 1768 1865
Egypt 82.06 10156 0.372 0.5001 11849 12637 13401 14333 15217 16125 17009
El Salvador 6.34 7902 0.312 0.2561 393 419.1 4445 4754 5047 5348  564.1
Eritrea 6.33 594 0.051 0.678 168.4 179.6 190.5  203.7 2163 2292 2417
Estonia* 1.29 - - 1.9069 1861 1769 1799 2233 2443 2652 2861
Ethiopia 94.1 1372 0.091 0.1189 790.8 8434 8945  956.6 1016 1076 1135
Finland* 5.43 - - 0.2255 664.1 710 805.7 8683  939.1 1010 1081
France* 64.29 - - 0.0709 4289 4809 5842 5963 6448 6933 7419
Gabon 1.67 17078 0.537 0.4252 2954  315.1 3342 3574 3794  402.1 424.1
Gambia 1.85 1640 0.103 0.7358 109.1 116.3 123.4 131.9 140.1 148.4 156.6
Germany* 82.73 - - 0.6722 82748 82748 82748 82748 82748 82748 82748
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Greece*
Guyana
Honduras
Hungary*
Iceland*
Indonesia
India

Iraq
Ireland
Israel*
Italy
Jamaica
Japan
Jordan
Kazakhstan
Kenya
Kyrgyzstan
Latvia
Lebanon
Libya
Lithuania
Luxembourg*
Malawi
Malaysia
Maldives
Malta
Mauritania
Mauritius
Mexico*
Monaco
Mongolia
Montenegro
Morocco
Myanmar
Namibia
Netherlands*
New Zealand
Nicaragua
Norway
Oman
Pakistan
Panama
Paraguay
Philippines
Poland*
Portugal

11.13
0.8
8.1
9.95
0.33
252
1279
33.77
4.63
7.73
60.99
2.78
127.14
7.27
16.44
44.35
5.55
2.05
4.82
6.2
3.02
0.53
16.36
29.72
0.35
0.43
3.89
1.24
122.33
0.04
2.84
0.62
33.01
53.26
23
16.76
4.51
6.08
5.08
3.63
182.14
3.86
6.8
98.39
38.22
10.61

6931.4
43232

3620.7
1452.2
15604
52035
35370
8305.3
40455
8305.1
23774
2776.5
3229.3
15032
14903
8282
15713
1099.2
24034
13759
23930
3689.8
18244
144200
11094
7186.4
7239.9
4613.3
9578.4
36169
4779.8
102910
43386
4619.7
19722
8514.1
6526.7

21618.7

0.285
0.204

0.18
0.095
0.504
1.175

0.895
0.323
0.984
0.323
0.677
0.15
0.166
0.491
0.488
0.323
0.506

0.078
0.682
0.461
0.68
0.183
0.562

0.396

0.294
0.214
0.357

0.91
0.219
1.897
1.034
0.214
0.594
0.329
0.273

0.633
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1.9211
0.2097
0.4157
0.5897
0.00019
0.6847
1.333
0.8206
0.5212
0.7403
0.4109
0.7961
0.4434
0.6439
0.9232
0.3323
0.0914
0.1921
0.6948
0.9196
0.1159
0.276
0.7358
0.7488
1.2138
0.8661
0.7358
0.7358
0.4525
0.0709
2.3109
0.8225
0.7312
0.3157
0.4898
0.4133
0.1977
0.4721
0.0022
0.9365
0.4734
0.2768
0
0.5267
1.1961
0.4001

27738
37.03
5333
2916
72.72

24125
1E+08
10821
2197
1619
17395
554.7

43005
1173
7968
1710
65.45
149.8
1266
1426
137.3
183.6
728.1
11773
151.8
196.4
405.6
397.6
42913
2.199
2016
3953
5493
2788
312.1
5316
628.7
487.9
16.44
2724
14309
491.9

0

10964
10361
3291

25265
39.49
568.8
3008
0.077

25731
1E+08
11540
2343
1762
18553
591.6

45866
1251
8498
1824

69.8
159.8
1350
1521
146.5
186.1

776.5
12556
161.9
209.5
432.5
424.1

45768
2.345
2150
421.6
5859
2973
332.9
5413
670.5
520.3
17.53
2905
15261
524.6

0

11694
12647
3510

22592
41.88
603.2
3127
0.078
27287
1E+08
12239
2485
2504
19675
627.4
48641
1327
9012
1934
74.02
169.4
1432
1613
155.3
180.2
823.5
13316
171.7
2222
458.7
449.7
48537
2.487
2280
447.1
6213
3153
353
5982
711.1
551.8
18.59
3081
16184
556.3
0
12401
12790
3722

22592
44.79
645.1
3164
0.084

29184

2E+08

13089
2658
2487
21043

671
52022
1419
9638
2068

79.17
181.2
1532

1725
166.1

201.8
880.7
14241
183.7
237.6
490.6

481
51911
2.66
2439

478.2
6645
3372
377.6
6412
760.5
590.2
19.88
3295
17309

595
0

13263
14362
3981

22592
47.55
684.9
3271
0.087
30984
2E+08
13897
2822
2738
22340
712.4
55230
1507
10233
2196
84.05
192.4
1626
1832
176.4
211.5
935
15119
195
252.3
520.9
510.7
55112
2.824
2589
507.7
7055
3580
400.9
6841
807.4
626.6
21.11
3498
18376
631.7
0
14081
15577
4227

22592
50.39
725.8
3356
0.091
32832
2E+08
14726
2990
2990
23673
754.9
58525
1597
10843
2327
89.07
203.8
1723
1941
186.9
221.1
990.8
16021
206.6
267.3
551.9
541.1
58400
2.992
2744
538
7475
3794
424.8
7271
855.6
663.9
22.37
3707
19473
669.4
0
14921
16791
4479

183

22592
53.15
765.6
3439
0.094
34632
2E+08
15533
3154
3242
24971
796.3
61733
1684
11438
2454
93.95
215
1817
2047
197.2
230.8
1045
16900
218
282
582.2
570.8
61601
3.156
2894
567.5
7885
4001
448.1
7701
902.5
700.3
23.59
3910
20540
706.1
0
15739
18006
4724
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Qatar 2.169 88305 1.703 0.5963 1708 1822 1932 2066 2194 2324 2452
Republic of

Korea* 49.26 - - 0.5044 5709 7068 7612 8427 8932 9621 10311
Rep. of Moldova 3.49 2244 0.129 0.6372 222.1 2369 2512 2687 2853 3023 3189
Romania 21.7 9585.3 0.358 1.0694 6433 6861 7276 7782 8262 8755 9234
Russian

Federation 142.83 15544 0.502 0.5132 28544 30443 32284 34529 36658 38845 40974
Saudi Arabia 28.83 24934 0.7 0.7956 12452 13280 14084 15063 15992 16946 17874
Senegal 14.13 2272.5 0.13 0.5983 852 908.7  963.6 1031 1094 1159 1223

Sierra Leone 6.09 1712.8 0.107 0.7358 370.2 3948 418.7 4478 4754 503.8 5314
Singapore 5.41 56029 1.237 0.579 3004 3204 3398 3634 3858 4089 4313

Slovakia* 5.45 - - 0.283 807.6  836.5 986 1092 1196 1299 1402

Slovenia* 2.07 - - 0.5784 4473 5895 621.3 6844 7517 819 886.3
South Africa 52.78 12909 0.441 1.069 19281 20564 21808 23324 24763 26240 27678
Spain* 46.93 - - 0.3439 15034 15892 16271 16969 17587 18205 18823
Sri Lanka 21.27 10596 0.384 0.4172 2640 2815 2985 3193 3390 3592 3789

Sudan 37.96 4323 0.204 0.615 3697 3943 4182 4473 4749 5032 5308

Suriname 0.54 15957 0.512 0.2097 4492 4791 50.8 5433  57.69 61.13  64.48
Sweden 9.6 60283 1.303 0.023 223 237.8 2522 2697 2863 3034  320.1
Switzerland 8.08 84658.9 1.654 0.0032 20.04 2138 22.67 2425 2574 2728  28.77
Tajikistan 8.21 2525.7 0.14 0.00232 2.068 2205 2338 2501 2.655 2814  2.968
FYROM 2.11 5211.5 0.233 1.9406 739.6  788.8  836.5 8947  949.8 1006 1062

Togo 6.82 1319.7 0.089 0.207 97.09 103.6 109.8 1175 1247  132.1 139.4
Trinidad and

Tobago 1.34 33039 0.853 0.7667 679.8 725 768.8 8223 873 925.1  975.8
Tunisia 11 10948 0.393 0.5722 1916 2043 2167 2317 2460 2607 2750

Turkey* 74.93 - - 0.8657 80603 98650 1E+05 1E+05 1E+05 2E+05 2E+05
Uganda 37.58 1667 0.105 0.7358 2241 2390 2535 2711 2878 3050 3217

Ukraine 45.49 4029.7 0.194 0.3861 2648 2824 2995 3203 3400 3603 3801

United Kindgom 63.14 42407 1.017 0.5085 25318 27003 28636 30627 32515 34455 36344
United Rep.

Tanzania 49.25 2397.2 0.135 0.2668 1375 1466 1555 1663 1766 1871 1974

USA* 320.05 - - 0.5471 3E+05 3E+05 3E+05 3E+05 3E+05 3E+05 3E+05
Uruguay 3.41 19943 0.598 0.3037 480.5 5125 5435 5812 617.1 6539  689.7
Yemen 24.4 4007.8 0.194 0.6441 2360 2517 2669 2855 3031 3212 3388

Zambia 14.54 3701.4 0.183 0.0031 6.401 6.827 7.24 7.743 8.22 8711  9.188
Zimbabwe 14.15 1997.1 0.119 0.6 781.3 8333 883.7 9452 1003 1063 1122

Sum (Gigatonnes) 6080 0.127  0.135 0.143  0.153  0.163 0.172  0.182

Table 6. Estimated carbon dioxide emissions for CT scanners in tonnes
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Countries Pogltl)lla ;m GDPC($)  Ratio wa(sz§ 2010 2011 2012 2013 2014 2015 2016
(x 105) 2013 (Eq-5) conkwh

Afghanistan 30.55 18774  0.114 1.2138 1965 2073 2123 2267 2364 2383 2525
Albania 3.17 44147 0207  0.0091  3.037 3204 328 3503 3.653 3.683 3.901
Argentina 40.54 12977 0442 03919 3973 4192 4292 4584 4780 4819 5105
Angola 21.47 6400.7 0269  0.3795 1156 1219 1248 1333 1390 1401 1485
Armenia 2.98 79974 0315 0.1282 6479 6835 69.98 7475 77.94 7857 83.24
Australia* 23.34 - - 09918 15822 16693 17090 18254 19035 19189 20328
Austria 8.5 50504.7  1.15 0.1768 1027 1084 1109 1185 1236 1246 1320
Azerbaijan 9.41 17172 0539 0.3918 1155 1218 1247 1332 1389 1400 1483
Bangladesh 157.6 951.9  0.071 0.6371 3085 3255 3332 3559 3712 3742 3964
Belarus 9.36 79788 0314  0.6109  967.9 1021 1045 1117 1164 1174 1244
Belgium* 11.1 - - 0.2248 1706 1799 1842 1968 2052 2068 2191
Belize 0.33 8179 0.32 02997  17.08 18.02 1844 197 2055 20.71 21.94
Bosnia &
Herzegovina 3.83 50359  0.227 13262 5943 627 6419 6856 7149 7207  763.5
Botswana 2.02 16111 0.515 1.8257 1097 1158 1185 1266 1320 1331 1410
Brazil 200.36 15968 0512 0.0926 5481 5782 5920 6323 6594 6647 7042
Brunei
Darussalam 0.42 81827 1615 0.8195 3774 398.1 407.6 4354 454 4577  484.8
Bulgaria 7.22 76749 0306 1.166 1381 1457 1492 1594 1662 1675 1775
Burkina Faso 16.93 1616.8  0.102  0.7358 5856 617.8 6325 6756 7045 710.1 7523
Cambodia 15.14 3069.3  0.161 1.1708 1394 1470 1505 1608 1677 1690 1791
Cameroon 22.25 32083  0.166 02166 3927 4143 4241 453 4724 4762 5045
Canada* 35.18 - - 0.1798 4323 4561 4670 4988 5201 5243 5555
Chile* 17.62 - - 04086 4921 5192 5315 5677 5920 5968 6322
China 1357 70778 0289 09736  2E+05 2E+05 2E+05 2E+05 2E+05 2E+05 3E+05
Costa Rica 4.87 14513 0479  0.0638 8501 89.68 91.81 98.07 1023 103.1 1092
Céte d'Ivoire 20.32 29803  0.157 05112 797.7 8416 861.6 9203 959.7 967.4 1025
Croatia 4.29 13575 0457 03865 4299 4536 4644 496 5173 5214 5524
Cuba 11.27 67602  0.28 0.9381 1567 1653 1692 1808 1885 1900 2013
Cyprus 1.14 27908  0.758 07717  406.8 4292 4394 4693 4894 4934 5226
Czech
Republic* 10.7 - - 0.9385 6864 7241 7414 7919 8258 8324 8818
Denmark* 5.62 - - 0.3747 1439 1519 1555 1661 1732 1746 1849
Ecuador 15.74 11037  0.395 0.2696 932 9833 1007 1075 1121 1130 1197
Egypt 82.06 10156 0372 0.5001 8431 8895 9106 9727 10143 10225 10832
El Salvador 6.34 7902 0312 02561 2727 2877 2946 3146 3281 3307 3504
Eritrea 6.33 594 0.051 0.678 90.31 9528 9755 1042 1087 109.5 116
Estonia* 1.29 - - 1.9069 1681 1774 1816 1940 2023 2039 2160
Ethiopia 94.1 1372 0.091 0.1189 461 4864 4979 5319 5546 559.1  592.3
Finland* 543 - - 0.2255 8369 883 904  965.6 1007 1015 1075
France* 64.29 - - 0.0709 3116 3287 3365 3594 3748 3778 4003
Gabon 1.67 17078  0.537 04252 2214 233.6 239.1 2554 2663 2685 284.4
Gambia 1.85 1640 0.103 0.7358 6472 6828 6991 7467 7786 7849  83.15
Germany* 82.73 - - 0.6722 38011 40102 41055 43854 45730 46099 48836
Greece* 11.13 - - 1.9211 14615 15419 15785 16861 17583 17724 18777
Guyana 0.8 69314  0.285 02097 2536 2676 274 2926 30.51 3076  32.59
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Honduras
Hungary*
Iceland*
Indonesia
India

Iraq
Ireland
Israel*
Italy
Jamaica
Japan
Jordan
Kazakhstan
Kenya
Kyrgyzstan
Latvia
Lebanon
Libya
Lithuania
Luxembourg*
Malawi
Malaysia
Maldives
Malta
Mauritania
Mauritius
Mexico*
Monaco
Mongolia
Montenegro
Morocco
Myanmar
Namibia
Netherlands*
New Zealand
Nicaragua
Norway
Oman
Pakistan
Panama
Paraguay
Philippines
Poland*
Portugal
Qatar

8.1
9.95
0.33
252
1279

33.77
4.63
7.73

60.99
2.78

127.14
7.27
16.44

44.35
5.55
2.05
4.82

6.2
3.02
0.53

16.36
29.72
0.35
0.43
3.89
1.24
122.33
0.04
2.84
0.62
33.01
53.26

23
16.76
4.51
6.08
5.08
3.63

182.14
3.86

6.8

98.39

38.22
10.61

2.169

43232

3620.7
1452.2
15604
52035
35370
8305.3
40455
8305.1
23774
2776.5
3229.3
15032
14903
8282
15713

1099.2
24034
13759
23930
3689.8
18244
144200
11094
7186.4
7239.9
4613.3
9578.4
36169
4779.8
102910
43386
4619.7
19722
8514.1
6526.7
21618.7
88305

0.204

0.18
0.095
0.504
1.175

0.895
0.323
0.984
0.323
0.677
0.15
0.166
0.491
0.488
0.323
0.506

0.078
0.682
0.461
0.68
0.183
0.562

0.396

0.294
0.214
0.357

091
0.219
1.897
1.034
0.214
0.594
0.329
0.273

0.633
1.703

Kouropoulos

0.4157
0.5897
0.00019
0.6847
1.333
0.8206
0.5212
0.7403
0.4109
0.7961
0.4434
0.6439
0.9232
0.3323
0.0914
0.1921
0.6948
0.9196
0.1159
0.276
0.7358
0.7488
1.2138
0.8661
0.7358
0.7358
0.4525
0.0709
2.3109
0.8225
0.7312
0.3157
0.4898
0.4133
0.1977
0.4721
0.0022
0.9365
0.4734
0.2768
0
0.5267
1.1961
0.4001
0.5963

348.5
4010
0.043
15491
7E+07
8036
1840
3911
14016
386.9
35116
818.3
6171
1069
41.55
110.8
936
994.4
102.1
99.98
415.1
9127
111.4
152.2
260.9
299.9
11500
1.938
1447
79.37
3779
1834
220.8
4735
507.7
322
14.73
2240
9413
373.9
0
7466
31247
2902
1507

367.7
4231
0.045
16343
8E+07
8478
1941
4127
14787
408.2
37048
863.3
6510
1128
43.83
116.9
987.4
1049
107.7
105.5
438
9630
117.5
160.6
275.2
316.4
12133
2.045
1527
83.73
3987
1934
233
4995
535.6
339.8
15.54
2363
9931
394.5
0
7876
32966
3061
1590

376.4
4332
0.046
16731
SE+07
8680
1987
4225
15138
417.9
37929
883.8
6665
1155
44.87
119.7
1011
1074
110.2
108
448.4
9858
1203
164.4
281.8
324
12421
2.094
1563
85.73
4082
1980
238.5
5114
548.3
347.8
15.91
2419
10167
403.9
0
8064
33749
3134
1628

402.1
4627
0.049
17872
8E+07
9271
2123
4513
16170
446.3
40515
944.1
7119
1234
47.93
127.9
1080
1147
117.8
115.4
479
10530
128.5
175.6
301
346
13268
2.236
1670
91.57
4360
2115
254.8
5462
585.7
371.5
16.99
2584
10860
431.4
0
8613
36050
3348
1739

4193
4825
0.052
18636
9E+07
9668
2213
4706
16862
465.4
42248
984.4
7424
1286
49.98
1333
1126
1196
122.8
120.3
499.4
10981
134
183.1
313.9
360.8
13835
2.332
1741
95.49
4546
2206
265.6
5696
610.8
387.4
17.72
2695
11325
449.8
0
8982
37592
3491
1814

422.7
4864
0.052
18787

9E+07
9746
2231
4744

16998
469.2
42589
992.4
7484

1297
50.39
134.4
1135
1206
123.8
121.3
503.5

11070
135.1
184.6
316.4
363.8
13947
2.351

1755
96.26
4583
2224
267.8
5742
615.7
390.6
17.86
2717
11416
4535

0

9054

37895
3519

1828

186

447.8
5153
0.055
19902

9E+07

10324
2364
5025
18007
497.1

45117
1051
7928
1374
53.38
142.4
1203
1278
131.1
128.5
533.4
11727
143.1
195.6
335.2
385.4
14775

2.49
1860

102
4855
2356
283.7
6083
652.3
413.8
18.92
2878

12094
480.4

0
9592

40145
3728
1937
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Kouropoulos 187
Republic of
Korea* 49.26 - - 0.5044 16983 17917 18343 19594 20432 20597 21820
Republic of
Moldova 3.49 2244 0.129 0.6372 136 1435 1469 1569 163.6 1649 1747
Romania 21.7 9585.3 0.358 1.0694 4551 4802 4916 5251 5475 5520 5847
Russian
Federation 142.83 15544 0.502 0.5132 21190 22356 22887 24447 25493 25699 27225
Saudi Arabia 28.83 24934 0.7 0.7956 9689 10222 10465 11179 11657 11751 12449
Senegal 14.13 2272.5 0.13 0.5983 522.2 551 564.1  602.5 6283 6334 671
Sierra Leone 6.09 1712.8 0.107 0.7358 220.6  232.8 2383 2545 2654 2676 2834
Singapore 5.41 56029 1.237 0.579 2534 2674 2737 2924 3049 3073 3256
Slovakia* 5.45 - - 0.283 1054 1112 1139 1216 1268 1279 1354
Slovenia* 2.07 - - 0.5784 8184 8634 8839 9442 9845 9925 1051
South Africa 52.78 12909 0.441 1.069 14051 14824 15177 16211 16905 17041 18053
Spain* 46.93 - - 0.3439 11031 11638 11915 12727 13271 13379 14173
Sri Lanka 21.27 10596 0.384 0.4172 1886 1990 2037 2176 2269 2287 2423
Sudan 37.96 4323 0.204 0.615 2416 2549 2610 2788 2907 2931 3105
Suriname 0.54 15957 0.512 0.2097 3343 3527 3611 3857 4022 4055 4295
Sweden 9.6 60283 1.303 0.023 189.4 1999 2046 218.6 2279 229.7 2434
Switzerland 8.08 84658.9 1.654 0.0032 17.67 18.65 19.09 20.39 2126 2143 22.71
Tajikistan 8.21 2525.7 0.14 0.00232 1.281 1351 1383 1478 1.541 1.553  1.645
FYROM 2.11 5211.5 0.233 1.9406 4924 5195 5319 568.1 5924 5972 6327
Togo 6.82 1319.7 0.089 0.207 56.38 5948 60.9 65.05 67.83 6838 7244
Trinidad and
Tobago 1.34 33039 0.853 0.7667 544 573.9 587.6 627.6 6544 659.7 6989
Tunisia 11 10948 0.393 0.5722 1373 1449 1483 1584 1652 1666 1764
Turkey* 74.93 - - 0.8657 44337 46776 47888 51153 53341 53771 56964
Uganda 37.58 1667 0.105 0.7358 1332 1405 1439 1537 1603 1615 1711
Ukraine 45.49 4029.7 0.194 0.3861 1718 1813 1856 1982 2067 2084 2208
United
Kindgom 63.14 42407 1.017 0.5085 20771 21914 22435 23964 24989 25191 26687
United Rep.
Tanzania 49.25 2397.2 0.135 0.2668 847.3 8939 9151 9775 1019 1028 1089
USA* 320.05 - - 0.5471 1E+05 1E+05 1E+05 [1E+05 1E+05 1E+05 2E+05
Uruguay 341 19943 0.598 0.3037 365.7 385.8 395 4219 4399 4435 469.8
Yemen 244 4007.8 0.194 0.6441 1531 1615 1653 1766 1842 1857 1967
Zambia 14.54 3701.4 0.183 0.0031 4.119 4345 4449 4752 4955 4995 5292
Zimbabwe 14.15 1997.1 0.119 0.6 472.8 498.8 510.7 5455 568.8 5734  607.5
S”T“ 6080 0.074  0.078 0.08 0.086  0.089 0.09 0.095
(Gigatonnes)
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