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Abstract

We measured the solar radiation since 1982 and
wind data as renewable energy resources and carried
out the uncertainty evaluation depending on authentic
standards as 1SO, GUM, and IEC. These data are
collected at the several locations in Korea. Whereby
measured data become standards data through the
evaluation and the credibility are gained. We judge the
credibility of data by expression of reliability
quantitatively. In additional, the standards data are
able to approach anywhere and it will be used to
support of related research and industry.

1. Introduction

Recently, using the fossil fuel resources is restricted
through its abuse and exhaustion, and that
consequentially causes a global warming. According to
the reason, the world increases the interest that is
stability and use of renewable energy which is clean
energy with environment. Therefore, the property data
of renewable energy is needed for developing and
supplying the energy. These data are became the
standards in order to supply and evaluate the renewable
energy in industry and technology fields.

Therefore, we evaluated and measured the solar
radiation and wind data and processed the measured
data for evaluation through certified standards. Those
are complied with NREL (National Renewable Energy
Laboratory), WMO (World Meteorological
Organization), 1SO (International Organization for
Standardization), and GUM (Guide to the expression
of Uncertainty in Measurement) standards. Whereby
these data become reference standards and gains the
credibility after the evaluation. For the reliability data,
we correct the measuring instrument with correction
period. These data are evaluated as 1,140 cases about
16 areas (solar) and 20 areas (wind). We achieve
credibility and provide accurate information to user.

According to the results, we judged a credibility of
data by expression of reliability quantitatively. In
additional, the reference standards data are possible to
approach anywhere and will be used for the supporting
related industry and policy making.

2. Data Collection and Processing
We constructed the measurement system based on

wireless network in order to measure the solar
radiation and the wind data.
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Figure 1. Measurement system structure based on wireless
network

We carried out the uncertainty evaluation using the
measured data that are processed by the monthly mean
at 16 areas. Table 1 shows measurement items and
number of cases.

Table 1. Measurement items and number of cases

Item Period Number

Global Normal Radiation 2008.6~2008.12 12

Direct Normal Radiation 1991.1~2008.12 192

Direct Horizontal Radiation 1996.8~2009.12 12

Diffuse Horizontal Radiation 1996.8~2009.12 12

Wavelength Radiation 2009.1~2009.12 4

Global Horizontal Radiation 1982.1~2008.12 192

Direct Normal Radiation (clear sky) 1992.1~2008.12 192

Extraterrestrial Radiation 192

Clear Sky Radiation 1992.1~2008.12 192

Radiation on Sloped Surfaces 1996.8~2008.12 120




In order to collection of data, weather station has
been equipped in Fig. 2 such as wind speed, wind
direction, temperature, and humidity.
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Figure 2. Example of the weather station
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In order to evaluation of wind speed, it was
performed at 20 areas. Table 2 shows a list of areas and
measurement period.

Table 2. Measurement locations

3.1 Solar Radiation Data

The uncertainty evaluation formula was made based
on GUM. The basic formula is as in the following. A
table 1 shows a relative expanded uncertainty (B type)
of measurement equipment.

y=x+b

X : measurement value
b : calibration value of measurement equipment

Table 3. Relative expanded uncertainty

Pyheliopmeter Pyranometer
(Direct Normal) (Global)
Calibration 1.6 4.2
Field Data 5 5
(Best Practice)

Location Period Location Period

Yu su ji 2001.9~2002.8 Sin san 1999.8~2000.7
Se man gum 2000.10~2001.9 Han su 2000.9~2001.9
Bi ueng do 1999.8~2000.7 Ko san 2001.2~2002.1
Me bong 2001.11~2002.10 Mok po 1999.5~2000.4
Young dang 1998.12~1999.11 Gu jea 2001.10~2002.9
Sub ji 1998.8~1999.11 Yung duk 2001.6~2002.5

U do 1999.1~1999.12 Hang wan 2001.10~2002.9
Il kwa 1999.6~2000.5 Jung dong jin | 2001.11~2002.10
Ha mo 1999.3~2000.2 Tea gi san 2001.11~2002.10
kim ryung 1999.9-2000.8 Sam yang 2000.11~2001.11

And then, we collected and served the data in
website such as direction, humidity, pressure,
temperature, and energy density so on.

3. Uncertainty Evaluation

In this session, we explain the uncertainty
evaluation of solar radiation and wind speed data. The
uncertainty is a non-negative parameter characterizing
the dispersion of the values attributed to a measured
quantity. Evaluation follows are observed by GUM and
ISO standards. The results of evaluation are used by
the comparison values when other person measured
these radiations. And the measurement is corrected
when those are measured within the margin of error
(uncertainty).

The combined standard uncertainty is made based
on basic formula as follows.

u, = Ju?(x) + u?(b)

This formula is expressed as a standard uncertainty
of measurement values that are calculated from several
different inputs. This formula is divided into type A
and type B in detailed.

U, + Uy
2

u(x) = % u(b) =

S : standard deviation

n : number of values

U, : calibration uncertainty

U : real environment uncertainty

Finally, the expanded uncertainty is as in the
following. This formula has a level of confidence (95%)
and the constant k as 2.

=k Xu,
The expanded uncertainty is expressed as follows.

And a table 3 shows results of uncertainty evaluation
of the normal radiation.

measurement value =+ expanded uncertainty

Table 4. Results of global horizontal radiation

Area Measured value / Expanded uncertainty (kcal/m?/d)
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The example of steps is as follows (Chuncheon);

1. Calculate the standard deviation using monthly
means

2. Calculate type A and type B uncertainty as
52.97 and 82.84 (kcal/m?/d)

3. Calculate the combined standard uncertainty as
98.33 (kcal/m?/d)

4. Finally, calculate the expanded uncertainty as
197 (kcal/m?/d)

3.2 Wind Speed Data

In order to the uncertainty evaluation, a formula is
based on IEC, GUM and ISO standards. First, type A
is expressed as follows. Where S,; is the standard

deviation and ,/N; is number of measurement within
the wind speed section. The number of measurement is
used as 600 commonly (average of 10 minutes, 1Hz).

Su,j

J[Vj

And next, type B is expressed as follows that
evaluates a correlation among correction, operation
characteristic, and measurement factors so on.

(u,,_i)A =

— 2 2 2 2 2
(uw,i)B - Juwl,i + Ui + Ups,i + Upai + Ugy,i

Where wuy; iS a uncertainty of anemometer
correction, Uuy; iS a uncertainty of anemometer’s
operation, uy; is a uncertainty of floating distortion,
Uya,i IS @ uncertainty of uncertainty of floating distortion
in field, and ug; is a uncertainty of data processing
equipment. Each of the formula was existed in detail as
GUM and IEC standards. Table 5 shows general type
B uncertainty values. Where, v is value of wind speed.

Table 5. General type B uncertainty values
Ui | 0.1 (m/s)
Ui | 0.072+0.0072v (m/s)
Ugi | 0.01v (m/s)
Ui | 0 (m/s) (no consideration)
Ugi | 0.03 (m/s)

The combined standard uncertainty and expanded
uncertainty are each expressed as follows. The
expanded uncertainty has a level of confidence (95%)
and the constant k as 2.

U = (uv.i)j + (uv,i)z, U=kxuy

Table 6. Results of evaluation

Area Wind speed Type A Type B Expanded uncertainty
(m/s) (m/s) (m/s) (m/s)
Yusuji 3.65 0.14 0.15 0.40
Se man gum 4.46 0.16 0.15 0.45
Bi ueng do 4.48 0.17 0.16 0.46
Me bong 8.04 0.30 0.19 0.71
Young dang 6.61 0.23 0.17 0.57
Sub ji 6.26 0.20 0.17 0.52
U do 7.04 0.23 0.18 0.58
1l kwa 6.02 0.18 0.17 0.50
Ha mo 9.50 0.39 0.20 0.88
kim ryung 6.15 0.22 0.17 0.56
Sin san 5.14 0.16 0.16 0.46
Han su 6.08 0.20 0.17 0.52
Ko san 5.14 0.16 0.16 0.46
Mok po 2.90 0.13 0.14 0.39
Gu jea 4.26 0.17 0.15 0.45
Yung duk 6.14 0.18 0.17 0.50
Hang wan 6.59 0.24 0.17 0.60
Jung dong jin 3.66 0.13 0.15 0.39
Tea gi san 6.19 0.21 0.17 0.53
Sam yang 7.85 0.33 0.18 0.75

These values can be decisive role as standard data.
According to the results, expanded uncertainty has
values between 0.39 and 0.88.

Uncertainty of wind speed

Wind Speed (m/s)
B

ns ueH
ues oy

ey |1

Figure 3. Uncertainty of wind

We made the thematic maps based on standard data.
And these are served user through the website. In Fig.
4 and 5 show the thematic maps about the solar
radiation and wind.



Figure 5. Thematic map of wind

4. Conclusion

In this work, we evaluated and collected the solar
radiation and wind data and processed the measured
data for evaluation through certified standards. Those
were complied with NREL, WMO, ISO, IEC, and
GUM standards. Whereby these data became reference

standards and gained the credibility after the evaluation.

For the reliability data, we corrected the measuring
instrument with correction period. In order to quality
control of data, we complied with DQMS, and SERI
QC. We evaluated as 1,140 cases about 16 areas (solar)
and 20 areas (wind) for reference standards. And we
achieved a credibility of data and provided accurate
information to user. In case of solar, the margin of
error of uncertainty was small compared to its
measured data. And then, the uncertainty of wind
speed was presented between 0.39 and 0.88. It also was
small compare to its measured data. A small margin of

error means that is possible to measure more accurately.

As results, we judged a credibility of data by
expression of reliability quantitatively. These data were
utilized as national reference standards. In additional,
the reference standards data are possible to approach
anywhere and will be used for the supporting related
industry and policy making.
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