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All Sessmns and speeches are held at the Spyros Arsenis Hall (Big Amphitheater).
Languages of the Conference: English and Greek (Translation services are available)

Sunday, 01 June 2014
21:00 Registration
19:00 - 21:00 Standing dinnel

Monday, 02 June 2014

09:30 - 11:30 - Session1: Buildings €O, Footprint Estimation
(Chair: Prof Stelios Maropoulos)

1) “Estimation of Embodied C02 in Electro-Mechanical Installations for an Urban Hellenic Dwelling’,
D.G. Koubogiannis', A. Lavoutas’, A. Lekkas' and C.A. Balaras’,

-Dept. of Energy Technology Engineering, Technological Educational Institute of Athens, Agiou Spyridonos Str,
Aigaleo, GR 12210, Athens, Greece.

“Institute for Environmental Research and Sustainable Development, National Observatory of Athens, |. Metaxa &
Vas. Pavlou, P. Penteli, GR 15236 Athens, Greece.

2) "Preliminary Study on the Thermal Mass Characteristics of Stone Buildings in Crete, Greece’, M.
Sanoudaki, N. Papamanolis.
School of Architectural Engineering, Technical University of Crete, Chania, Greece.

3) “Results from Preliminary Energy Audit in the Faculty of Technical Sciences - Bitola”,
Vladimir Mijakovski®, T. Geramitcioski, V. Mitrevski, G. Trombey, R, Ristevski,

Faculty of Technical Sciences - Bitola, University “St. Kliment Ohridski’, Bitola, MK 7000, The former Yugoslav
Republic of Macedonia. \

4) “Blower door test - Measurement protocol’, =

V. Mitrevski, T. Geramitcioski, G. Trombev, V. Mijakovski, I. Andreevski,

Faculty of Technical Sciences - Bitola, University “St. Kliment Ohridski’; Bitola, MK 7000, The former }’ugus!av
Republic of Macedonia.

5) “Energy performance analysis of pre- and post- retrofit households in Greece’, T. Papadopoulos', D.
Tampakis', G. Papagiannis', G. Christoforidis’.

-School of Electrical & Computer Engineering, Aristotle University of Thessaloniki, Thessaloniki, Greece.

“-Dept of Flectrical Engineering, Technological Educational Institute of West Macedonia, Kozani, Greece

6) “Energy Audits in Public Buildings’, Dimitrios Stimoniaris, Dimitrios Tsiamitros, V. Zacharaki, T. Kottas, S.
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Maropoulos', M. Stefanovski, Z. Stepanovski, I. Milosovska’, N. Susevski, K. Micalevski’, V. Karagiannis, K.
Zarmakoupis'.

- Dept of Electrical Engineering, Technological Educational Institute of West Macedonia, Kozani, Greece

*— ARCHAM Association, Bitola, The former Yugoslav Republic of Macedonia.

"— Resen Municipality, , The former Yugoslav Republic of Macedonia

‘— Prespes Municipality, Greece.

11:30 - 12:00 Coffee break
12:00 - 12:30 Welcome speeches
12:30 — 13:10 Modern Issues on Renewable Energy Sources

“Reliability and Security Issues Of Modern Electric Power Systems With High Penetration Of Renewable Energy
Sources”, Prof Evaggelos Dialynas, School of Electrical and Computer Engineering, National Technical
University of Athens (GREECE)

“The EU 2030 framework for energy and climate policies”, Dr Athanasios Dagoumas, Special Advisor to the
Minister of the Hellenic Ministry of Environment, Energy and Climate Change (GREECE)

“Strategies for a flexible biogas production for the integration into smart grid concepts”, Dr-Ing Stefan Junne,
Chair of Bioprocess Engineering, TU-Berlin (GERMANY)

13:10- 14:10 Standing Lunch
14:10 - 15:30 Speeches by the Invited Speakers

“The residence in Ancient Greece”, Dr-Archaelogist. Mrs Georgia Karamitrou-Mentessidi.

“KNX: The worldwide STANDARD for home and building control’, Mr Vasileios Lourdas, KNX Association-Brussels
(BELGIUM)

“The district heman&er Region of Amyntaio’, Mr Konstantinos Kyriakopoulos, Municipal District
Heating Company of the Wider Region of Amyntaio (GREECE)

15:30 - 17:00 - Session2: Improvement of Buildings Energy Efficiency and Buildings Management

Systems Application
(Chair: Assist. Prof George Christoforidis)

1) “Optimization-based active techniques for Energy Efficient Buildings Control: Part I: Optimization
Algorithms’, lakovos Michailidis[1,2], Simone Baldi[1], Elias B. Kosmatopoulos[1,2], and Yiannis S. Boutalis[2].
“Information Technologies Institute, Centre of Research & Technology - Hellas (1.T/.-CE.R.TH.)

Thessaloniki, Greece

“Department of Electrical and Computer Engineering, Democritus University of Thrace Xanthi, Greece
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2)"Optimization-based active techniques for Energy Efficient Buildings Control: Part Il: Real-Life
Experimental Results’, lakovos Michailidis[1,2], Simone Baldi[1], Elias B. Kosmatopoulos[1,2], and Yiannis 5.
Boutalis[2].

“Information Technologies Institute, Centre of Research & Technology - Hellas (I.T.1.-CER.TH.)

Thessaloniki, Greece

“-Department of Electrical and Computer Engineering, Demacritus University of Thrace, Xanthi, Greece

3) "Thermal Insulation Characteristics of the Building Shell according to the New Legislation for
Decreasing Energy Consumption in Buildings in Greece’, M. Davaki, N. Papamanalis.
School of Architectural Engineering, Technical University of Crete, Chania, Greece.

4)"Energy Management System and Substitution of Fuels and Energy Sources in Public Buildings’,
|. Andreevski, G. Trombev, V. Mitrevski, V. Mijakovski, T. Geramitoski,

Faculty of Technical Sciences - Bitola, University “St. Kliment Ohridski’; Bitola, MK 7000, The former Yugoslav
Republic of Macedonia.

17:00 - 17:30 Coffee Break

17:30 - 19:00 Title: Application of Renewable Energy Sources in Buildings

Round Table

Hellenic Association of Electrical & Mechanical Engineers- West Macedonia Division & Technical
Chamber of Greece-West Macedonia Division (TEE/TDM)

Tuesday, 03 June 2014

09:30 - 11:00 - Session3: Renewable Energy Sources 1
(Chair: Lecturer Adamos Stimoniaris)

1} ‘DG and EV Penetrations for Future's Smart Network in Turlteﬁ NER [1], Aydogan Ozdemir [2].
- Department of Electrical & Electronics Engineering, Istanbul Arel University, Istanbul, Turke &
“Department of Electrical Engineering, Istanbul Technical University, Istanbul, Turkey.

2)"An Advanced and Efficient Sun Tracking System based on a Novel Algorithm for Maximum
Electrical Power Generation on Solar Array’, 5. Kouridakis.
Department of Electronic Engineering, School of Applied Sciences - 277 of Crete, Halepa Chania, Greece.

3)“Implementation the tasks of the Renewable Energy Directive 2009/28/EC in EU Members and the
former Yugoslav Republic of Macedonia as a country-candidate’, T. Geramitoski, G. Trombev, V. Mitrevski,
V. Mijakovski, I. Andreevski.

Faculty of Technical Sciences - Bitola, University “St. Kliment Ohridski’, Bitola, MK 7000, The former Yugoslav
Republic of Macedonia.
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4)“Supply-side Ancillary Services at a Microgrid-based Smart Grid Topology’, D. Tsiamitros, D.
Stimoniaris, N. Poulakis', and E. Dialynas’,
“Dept of Electrical Engineering, Technological Educational Institute of West Macedonia, Kozani, Greece

“-School of Electrical and Computer Engineering, National Technical University of Athens, Athens, Greece

11:00 - 11:30 Coffee break
11:30 - 14:00 Speeches by the Invited Speakers

“Role of Advanced Demand Response in Organizing Distributed Energy Resources as Virtual Power
Plants’, Prof Aydogan Ozdemir, Dept of Electrical Engineering, Istanbul Technical University (TURKEY).

“GReen procurement And Smart city suPport in the energy sector — the GRASP — MED project’, Prof Yorgos
Stephanedes, Dept of Civil Engineering, University of Patras (GREECE)

“Modelling the anaerobic methane production process: current developments and importance for an
increased process flexibifity’, Dr.-Ing. M. Nicolas Cruz Bournazou, Chair of Bioprocess Engineering, TU-Berlin
(GERMANY)

“The MARIE (Mediterr’nean Building Rethinking for Energy Efficiency Improvement) Strategic Project:
Building a New Renovation Strateqy around the Mediterranean area’, Mr Thanos Papotis,, Production and

Management Engineer, Euroconsultants SA (GREECE)

“The Levelized Cost of Energy from PV's in Greece and Mediterranean: The PV-NET project”, Assist. Prof.
George Christoforidis, Dept of Electrical Engineering, TEl of West Macedonia (GREECE)

14:00-15:00 Standing lunch

15:00 - 16:30 Session4: Renewable Energy Sources 2
(Chair: Prof Paraskevi Mitliagka)

1) “Comparative analysis of selection suitable feedstock for biot production in the former
Yugoslav Republic of Macedonia’, M.Sc.Katica Belcheska Arizankoska. ;
ARHAM-Bitola, former Yugoslav Republic of Macedonia T

2) “Harmonic Behavior of Residential Low Voltage Appliances for Load Signatures Formulation®, A.
Bouchouras.
Dept of Electrical Engineering, Technological Educational Institute of West Macedonia, Kozani, Greece.

3) "A.Q.M.E.LS.: Air Quality Meteorological and Enviromental Information System in Western
Macedonia, Hellas.”, |. Skodras[1], G. Fraqulis [2] and A. Triantafyllou [1].

- Lab. of Atmospheric Pollution & Environmental Physics, Dept. of Geotechnology and Environmental Engineering,
Technological Educational Inst. of Western Macedonia, Kozani, Greece.

- Dept of Electrical Engineering, Technological Educational Institute of West Macedonia, Kozani, Greece
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4)“Control algorithm and infrastructure for smart grid topologies’, D. Tsiamitros, D. Stimoniaris, T.
Kottas, V. Zacharaki', and E. Dialynas’,

-Dept of Electrical Engineering, Technological Fducational Institute of West Macedonia, Kozani, Greece
“-School of Electrical and Computer Engineering, National Technical University of Athens, Athens, Greece

16:30 - 17:00 Coffee break

17:00 - 18:30 Title:

Renewable Energy Sources based on Waste Management (Biomass-Biogas)
Round Table

Chair of Bioprocess Engineering - TU-Berlin & DIADYMA

20:00 Closing Dinner

Wednesday, 04 June 2014
Technical visit to Prespes
(In cooperation with GREEN-BOAT project — Solar boats)

or

Workshop
10:00 - 14:00 at the small Amphitheater:
1)  KNX tutorial: Vasileios Lourdas — KNX Association, Brussels
2) Operation and optimization of biogas plants: Basics of substrate preparation,
operation and fertilizer generation, Dr Stefan Junne, Chair of Bioprocess Engineering, TU-

Berlin.
3) - Operation and optimization of biogas plants: Case study of a biogas plant in Greece, Ms
Anja Lemoifi€, Chair of Bioprocess Engineering, TU-Berlin.
P
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Estimation of Embodied CO, in Electro-
Mechanical Installations for an Urban Hellenic
Dwelling

D.G. Kﬂubogiannisl‘T A. Lavoutas’, A. Lekkas' and C.A. Balaras®

Abstraet - Embodied energy and carbon (dioxide) emissions
contained in the Electro-Mechanical (EAM) installations of a
typical urban Hellenic single-family dwelling are estimated, A
breakdown methodology to derive their constitutive materials is
described and implemented in a case study, extending previous
similar work performed in a multi-family dwelling. The results
are assessed in terms of repeatability and possible correlation
between the two case sindies, as well as in terms of the
contribution of the EM installations (o the buoilding's
environmental footprint.

Index Terms — Embodied energy, Embodied CO,, building
electrical and mechanical installations, Hellenic dwelling.

I INTRODUCTION

E uropean buildings are responsible for about 40% of the
total energy consumption and about a third of the total
energy related C0y emissions. Given that current practice
moves towards nearly zero energy buildings, it 13 important
nowadays to assess the environmental impact and energy
consumption of a building during its whole life cvele (by
means of Life Cycle Assessment - LCA), instead of just its
operational period of time. Embodied Energy (EE) and
assoclated Ty emissions (ECOq) of a wlding are important
input parameters for an LCA. Furthermore, results concerning
EE and ECOy should be taken mto aceount in the context of
the ongeing national efforts to implement various energy
conservation measures in existing buildings. For example,
replacing old space heating systems with more energy
efficient units, one should also account for their EE and ECO4
against the anticipated operational energy savings.

To esumate EE and ECO,, it is first required to breakdown
the various system compenents to their constitutive materals,
to quantify their contribution in terms of mass percentage and
identify the dominant ones. In previous work [1], the authors
defined a methodology as a fust attempt to reveal the
materials and estimate their quantities used in the components

I Dept. of Energy Technology Engineering, Technological Educational
Ingtitute of Athens, Agiou Spyridonos Str, Aigaleo, GR 12210, Athens,
Greece (Mcorresponding author's e-mail: dikonbogiateisth ey,

* Ingtitute for Environmental Research and Sustainable Development, National
Chzervatory of Athens, 1. Meotaxa & Vas. Paviow, P. Penteli, GR 15236
Athens, Greece.

of typical residential heating installations. Using a typical
urban three-floor multi-family apartment building in Athens,
tor the first time, presented results concerning space heating
and hot water installations, focusing on their EE,

In this paper, a similar analysis is implemented for a
different typology of a residential building, located in another
region of Athens, the EM nstallations of which have been
designed by a different professional. The aims are to extend
the previous work [1] by including electrical, lighting
installations and air conditioning units, 1o compare the new
results on the heating system material percentage between the
two case studies and to focus on the ECO, footprint,

II. CASESTUDY

To perfarm the material and ECOy analysis of a building, a
typical uban two-story (152m®) single-family dwelling
(mezonette), located 1n Athens, was chosen as the cwrrent case
shudy.

An operational buillding requires a wide range of BEM
installations that include numerous components, either being
in the form of single materials or finished products or even
whole equipment. The major installations include heating and
cooling equipment, electrical and lighting installations,
automation systems, materials for hydraulic and hot water
pipe networks. In order to perform ECO, and EE analysis of
the EM mstallations, it is necessary to breakdown these major
components in single materials, record them, caleulate their
mass and identify the most important of them in terms of mass
contribution.

The present study focuses on major components of EM
installations i a typical urban Hellenic dwelling. The relevant
technical reports and drawings concerming the EM
installations of the building under consideration were made
available by a professional technical office and used to extract
all the necessary relevant information. For example, {loor
plans (Fig. 1) were used to determine the length of piping and
then normalized for the size of the dwelling.

I, METHODOLOGY

The main EM installations of the building under
comsideration were organized n four distinet groups of major
componenis, namely:

11
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Fig. 1: Tvpical floor plan.

»  Space Heating (SH), containing the boiler, o1l bumner, fuel
tank, flue gas exhaust, pump. radiators. pipe network,
expansion tank, valves, and other components like
magnesium anede, themmostats, deacrators, ete,

»  Hot Water (HW). containing solar collectors, hot water
storage tank, support base, various fittings and aceessories,
hot water pipe network

o dir Conditioning (AC), containing split unit heat pumps,
i.e. internal units (vaporizer, fan, motor, support matertals)
and external units (condenser, compressor, fan, motor,
four-way valve, conmection and drainage materials ),

»  FElectrical (EL), contaning panels, cables, pipes and wall
plugs (for SH. for HW and for the highting network )

For each of the above major components, the following
tasks [ 1] were carned out;

(T1) ftem analysizs (breakdown of a group of major
components 1o ils  constitutive basic  fems) This  was
accomplished by identifying the major items of the group and
splitting them continuously to sub-items till reaching the level
of basic ifems, 1.e. the lower level entities in the item tree that
cammot be further split into sub-items, but rather to their
constitutive single materials.

(T2) Material analysis (breakdown of the basic items to
their constitutive single materials). identify and record the
single materials that make up the basic frens recorded in (T

(T3) Mass analysis; evaluate the mass contribution of each
single material in the basic item it belongs,

{T4) EE-ECO; analysiss estmate the EE and ECO,
contributions of each single material in the whole EM set.

The above procedure can be brefly descnibed by the
sequence: Electro-Mechanical installations (EM) = groups of
major components (3H, HW, AC, EL) = major items {(e.g.
boiler, radiators, etc) < sub-items = {e.g. bumer breakdown)

12

= ... = basic ilems = constitutive single matenals (steel,
iron, copper. aluminum, glass, ete).

To accomplish tasks (T1), (T2) and (T3), detailed
composition data were collected for representative commercial
EM installations. disassembled to their basic items and finally
analyzed to their constituive matenials. Accurate mass values
were obtained for the basic items by electronically weighing
therm. When this was not practically possible, relevant data was
obtained either by the manufacturer or by internet sources. In
some limited cases, logical engineering assumptions and
estimations were made. Figs 2 and 3 illustrate representative
examples of the ilem analysis performed for the present case
study. Further details can be found in [2].

(d) i)

Fig, 2: Major ttems and sub-items of the AC group on the left {a: indoor unif,
b: outdeor unit, ¢: heat exchanger, & axial fan) and of the HW group on the
right {a: solar collectors, b: storage tank with thermal insulation, ¢ electric
rezistance tubing) [2]

Fig. 3: Detailed breakdavn of the bomer in sub-items [2].

Concermung task (T4), EE and ECO, values for the single
materials compnsing the four distinct growps of major

TEI of Western Macedonia, Kozani | 01/06/2014 — 03/06/2014

components were required. In [3], three databases contaimng
EE (MIkg) and ECOy (keCOy/ke ) coefficients for commonly
used matenials from different countnes (UK., N, Zealad and
Australia) were compared. Although similarities exist in their
trends, sigmificant differences occur between them due to the
different data mvolved in each country (row material sources,
distances of material transport, manufacturing processes, etc)
and due to the different analysis methods implemented. Taking
into account that there is no official relevant database in Greece
and in order to have some quantitative results for the EE and
ECOy impact in the current case study, the coefficients of the
LT K. database [4] were used, as in [1]. The obtained embodied
values were then normalized by the total floor area of the
building (152m?). It should be clarified, that like in [1], the
estimated embodied energy values do not account for the
assembly of the EM equipment due to lack of relevant
mformation from local manufacturers, neither for the transport
and final installation.

IV. RESULTS

The methodology presented in the previous section was
implemented in the case study under consideration, fo be
denoted by W2, while the dwelling studied in [1] will be
referred to as DW1, The results concerning the SH group for
both DW1 and DW2 are presented in Table 1 in the form of
percentage mass contribution of each main item (ncludmg the
relevant EL items). The dommnant items n mass percentage in
DW1 were radiators, pipes, boiler, flue gas exhaust, while in
DW?2 these are radiators, boiler, oil tank, flue gas exhaust
W1 has no tank {fuel natural gas), but has a lot of piping due
1o 1ts many apartments.

SHItems | DW2| DWI1 | DW2 | DW1 | DW2 | DWI
My kg kg | kgnd | kgwd | % %

Radiators 219, 5355 1.44 123 30y 453
Foiler 186. 21808 1.2 0,508 mﬂ 18.5
Fuel tank 126, 3.1 i, 0o 17 0.0
Flue gas

fehvanst (i, 112,08 1,44 .24 9.3 9.3
[Electrical 3 18.5 .25 .04 23 1.6
Fipes 292 03 019 05y 41 204
[alves ete. 2% 259 018 004 3.9 |
Bumer 11.[‘ 11.0) LIX 0.03 1.7 0.5
Expanscn

tanks & 12.5 LK 003 1. 1.1
Pumgp 2 48 o uml ). 0.4
Fium Tl&j 11 TE.ZI 4.7 I.Td_:lm.d 1R 0

Table 1: SH items along with their pure mass, arca-normalized mass and %o
contribation for the present case study (DW2) and DW 1]

Table 2 presents similar results for the single materials
contained in SH and HW groups together for DW2 (present
study) and DWI1 [1]. The dominant materials in mass
percentage in DW1 were steel, copper, cast iron, while in
W2 these are steel, cast iron, wron (due to fuel tank ), copper.

S | pwz | pwi | pwz | pw1 | Dw2 | DWI
My kg kg kgint | kg b %

lee] 344 To03 2200 161 368 417
st iron 169.1 1994 111 .44 lﬂﬂ 11.9
[ron 136,7 1250 094 003 Iid i,7]
Copper 1192 4956 G.‘rd 1.14 :1;] 29.5
Firass 329 33.7] ﬁ,j 008 36 20
s 3.4 T 0. 017 3.4 43
Plastic 26.5 alf . o0y 29 0.9
HIFE 2 1.7 a1 003 2d 07
Fodowool 17. 5658 B.Ij 013 19 34
Folypro-

viene e 00 008  0.00 1, i,y
Alurinoi 6d 57 ood o1 o0d 34
pve 2.2 78 0o 003 0 1.5
PEF 1.7 228 001 o0 o L4
Famthetic

fubher 1.5 00 01 000 0 i}
M Iaonesium L0 00 0l .00} i1 XL
Polyester od 03 ood ood oaf o0
Sum md 16796 598 384 1000 1000

Table 2; SH+HW materials along with their pure mass, area-normalized
mass and %o contribution for the present case study (W2 and W1 (1]

The results for the entire EM installations of DW2 are
summarized in Table 3. The mass dominant materials are not
necessarily ranked higher in terms of ECO; and EE, since
some of them have greater CO; or energy impact despite their
lower mass due to thewr high ECCO; and EE values per mass
unit, For example copper 15 ranked higher than won in terms
ol BCOy or second (after steel) m terms of EE.

mﬂ;‘:ﬂg o miass |20 ECO,| %0 EE
Steel 200 3567 2847
firon 0.9 15,31] 12.80
(Copper 155 17.51] 1894
{ast iron 1460 1067 893
{Plastic 5.1 4540 10.048
Brazs 3.4 19 3%
UAduminum 2.1 8.5 1032
il s 2.6 0.8 097
HDPE 1.7] 1.2y  3.27
Fockwool 1.5 061 063
{Polypropylae Lo 000 000
IPEF 07 o7 11§
Ve 04 03 069
Rest matenals 0.6 003 0.08
Total L00N L0000 10600

Table 3: EM materials along with their %o mass, EOCs and EE contribution
for the present case sudy (DW2)

The total contribution of the EM installations to the

building’s environmental footprint in terms of ECCy and EE
for DW2 were estimated 3026.3 kgC0; (or 199 kgCD;-—'mZJ
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and 86.6 kWhim’, respectively.

Table 4 presents ECO; and EE values corresponding to the
SH and HW groups, as well as to the boiler and bumer items,
The BCOy and EE values corresponding to the SH group for
DW2 are 1372 kgCO; (or 9 keCOy/m?) and 39.5 kWhim?,
respectively. The corresponding values for DW1 [1] were
3524 kgCO, (or 6 kgCOy/m*) and 33.2 kWh/m®. According to
[5]. a benchmark wvalue of operational thermal energy
consumption for space heating in climatic zone B (Athens) 15
115 kWhim® for single dwellings and 914 kWh/m® for
apartment buildings.

ECO; (kgCO:) | EE (kWh/m®)
DWi1| DW2 |DW1| DW2
Burmer s6 | 61 | o7| 23
Buoiler 438 | 373 | 39| o5
Bumer+Boiler | 494 434 46 | 1I8
sH 524 1372 |332] 305
HW 1580 933 [176] 23
SHeHW 5104 2305 |sos| 625

Table 4: ECO, and EE for SH, HW and boiler burner for the present cass
sty (DAW2) and DA [1].

Item

From a practical point of view, the results of a study hke
the present one could be considered for the replacement of ol
fired boilers in old central heating installations with new units,
which 15 a popular energy conservation measure. According to
[5]. such a replacement in the case of single-family dwellings
would result to 17% amual operational thermal energy
savings and a total of 3356 kO, savings, for the entwe
Hellenic single-family building stock. This corresponds to
annual operational savings of about 6254 kgCO; per single-
family dwelling. From the current amalysis, the estimated
ECO; of a boiler-burmer umit 1s 434 kgCO, (Table 4). The
total ECOy for the replacement of an old boiler-burner unit
should account for the values of bath the old and the new unit,
Accordingly, for the simple replacement of a boiler-bumer,
ECOyeu=2ECO,=8B68 kgCO Thus, ECOh, would be
compensated by the reduced operational emissions in about 17
months, as a result of the mmproved thermal energy
performance of the new unit and its operational energy
savings. On the other hand, the corresponding annual energy
savings are estimated, according to [5] at about 19.6 EWhim?,
The EE corresponding to the boiler-burner set of DW2 s
EE=11 8kWhim? (Table 4). Again, the total EE for the
replacement 15 doubled to account for the pew unit, ie
EEu=23.6 kWhim' Thus, the operational energy savings
would compensate the EE.y in about 14 menths, or about
over two heating seasons.

V. CONCLUSIONS
In this paper, the work of [1] for a multi-family apartment
building was extended and wnplemented to a single-family
residential blding. The new findings reveal that the
prevailing materials in terms of mass are generally the same,

14

smee the EM installations used i the Helleme residential
buildings are similar. However, the normalized material
quantities have different values among the two mvestigated
tpologies of a single- and muli-family building. The
estimated ECO; values provide some initial guidance for the
LCA evaluation of common energy conservation measures.
Results indicate that the annual operational energy savings
and CCy abatement as a result of common actions (eg.
replacing boilers with more energy  efficient units) will
account for the EE and ECO,; m relatively short time frames.
However, a proper analysis of the embodied wversus
operational savings, should account for the relevant
differences n achieving the anticipated savings.

Future work includes an extension of the curent analysis
for a number of different Hellenic building typologies, to
conclude on the repeatability and correlation of the results.
Similar efforts are also underway towards the collection of
relevant information and perform an analysis for the building
envelope construction materials that dominate a building s
total EE and ECO;. The long term goal 15 to derive suitable
benchmarks in order to compare the results, since no Hellenie
database for EE or ECOy exists.
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Abstract— The external wall of a construction is part of the
building envelope, the physical boundary between the internal
space  and the exterior environment of the building.
Consequently, it constitutes one of the principal parameters of
the energy performance of a building. One important category
of buildings with particular architeciure, materials, and
construction  techniques is the buildings of vernacular
architecture. This paper investigates the thermophysical
characteristics of a stone wall of a typical vernacular dwelling in
Crete, a big island in the Mediterranean. Specifically, this study
calculates the value of thernxal transmittance co-efficient and the
thermal inertia factors for disinct thicknesses of lime stone
walls and analyses the resultx The conclusions of the study are
useful for the research of energy performance of relevant
buildings.

Index  Terms—building, stone building, thermal mass
vernacular architecture, U-value.

L [NTRODUCTION

In each building, the bwlding envelope affects and
determines the energy efficiency and the environmental
performance  of the construction.  Specifically,  the
thermophysical characteristics of the building envelope
determine heat exchange between internal space and the
external environment and, through them, the condition of
thermal comfort in the inside of the building, Main parameters
and principal thermophysical properties of building envelope
are the thermal transmittance and thermal mass (heat storage
capacity), The thermal transmittance measures the
effectiveness of a material as an insulator in buildings and the
thermal mass describes a material's capacity to absorb, store
and release heat. Thermal transmittance co-efficient (U-value)
15 defined as the heat flow through one square meter of a
structure when the temperature on either side of the structure
differs by one degree Celsius. The thermal mass 15 calculated
as the product of the mass m of the body and the specific heat
capacity ¢ for the material and describes how the mass of the
building provides thermal inertia  against temperature
fluctuations. The values of the thermal transmittance co-
efficient and the thermal mass of the envelope constitute
essential parameters in each study of the energy performance

of buildings, as the local climatic conditions of the place of the
case study constitute essential data,

In the last few vears, there has been a significant increase
of interest in environmental, bioclimatic design in Greece,
One important reason for this is the new law (KENAK) which
15 in force since October 2010 at the country, pursuant of the
relevant FEuropean Dhirective (Energy Performance of
Buildings Directive 2010/31/EU. This new legislation regards
to new and existing buildings and defines mimimum energy
performance standards for them. The maximum acceptable U-
values are set up for the opaque and transparent elements of
building envelope and for the total of building envelope.

The interest in the energy performance of buildings also
extends 1o the feld of vemacular architecture, Vernacular
architecture 1s characterized by the use of empirical
knowledge. The different local maternials and climate
contribute to the distinet building typology, form and
construction techniques [1]-[3], This implies difficulties in
determining the thermophysical properties of the envelopes of
the buldings and complicates the study of energy
performance.

In the present work, the thermophysical properties of a
representative  typical stone wall of a Cretan vernacular
dwelling with variations of deferent values of thickness are
being examined. The study results serve to determine the
energy performance of respective buildings. Also, evince the
weaknesses of energy performance and, if apphicable, indicate
the direction of search options in order to address them.

11,  DEFNITION OF THERMAL MASS CHARACTERISTICS

Time lag and decrement factor are the main thermal inertia
parameters for the study of thermal performance of building
envelope. Time lag (or time shift), o, is the period of time
between the maximum amplitude of a cause and the maximum
amplitude of its effect. More specifically, time lag is defined
as the time 1t takes for the heat wave to propagate throush a
wall from the outer surface to the inner surface. Decrement
factor, [ 1s defined as the decreasing ratio of its temperature
amplitude during the transient process of a wave penetrating
through a solid element.

15
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Figure 1. Sinusoidal graphic of time lag and decrement factor f

Time lag and decrement factor are defined by the
following equations [4].

'13 = Irimin = {Temin {1}

4]' = 175 max— Temmax (2)

Timax=Timin

= (3)

Temax—Te min

Where:

trime ANd £, declare the time in which interior surface
temperature and exterior surface temperature of the wall
reach the minimum point and fy, . and f- __ declare the time
in which these reach the maximum point.

T e 15 the maximum interior surface temperature and

T, i 15 the minimum one,

Tomae rtepresents the maximum  exterior  surface
temperature and T, . the minimum one.

Big
thermal
Inertia

Low
tharmal
(L]

Figure 2. Building construction and climatic zones [5]

I, CLIMATICZONE

Crete, as the biggest 1sland of Greece is characterized by
Mediterranean climate. Greece has three climatic zones and
Crete belongs to the coastal zone [5] In vernacular
architecture, the location of the dwelling defines the
construction of the building envelope (Fig.2). At the more
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cold zones the dwellings have low thermal inertia in contrast
to the more warm areas where the dwellings have higher
thermal inertia. The research relating to thermal mass 1s
valuable particularly in cases where there are wide diurnal
fluctuations and also the average exterior temperatures are
near the comfort zone, such as the hot and dry climate of
Crete,

IV, METHODR

In this study, the thermophysical characteristics of the wall
are calculated based on the caleulation methods of the
International Standard EN IS0 6946:2007 [6] and EN 150
13786:2007 7).

[30 6946:2007 provides the method of calculation of the
thermal resistance and thermal transmittance of building
Components.

1

= —— 4
? Rse + LR + Rsi )

Where:
U Wi K] thermal transmittance co-efficient

R, [ K| internal surface resistance. Its value,
according to EN [S0 6946, is set constant, equal to 0.13
meEKAV.

R.. |m EW] extemal surface resistance. Its value,
according to EN 1850 6946, is set constant, equal to 0.04
m* KW,

IS0 13786:2007 specifies the characteristics related to the
dynamic thermal behavior of a complete building component
such as time lag and decrement factor and provides methods
for their calculation.

The properties considered are thermal admittances and
thermal dynamic transfer properties, relating cyclic heat flow
rate to cyclic temperature variations. Thermal admittance
relates heat flow rate to temperature variations on the same
side of the component. Thermal dynamic transfer properties
relate physical quantities on one side of the component to
those on the other side [7].

According to the procedure,

1) The materials comprising the layers of the building
component and the thickness of these layvers are identified and
their thermal characteristics are determined. The stone wall
under investigation is constituted from limestone and lime
plaster thickness 20 mm. This information is presented at the
following table.,

TABLE1. THERMALPROPERTIES OF LAYERS OF STONE WALL
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Where:

A WpeK] thermal conductivity
p [kg/nm’] density

¢ |J/Kg K] specific heat capacity
o [m] thickness of a layer

R [ KAV] thermal resistance

2) The period of the variations at the surfaces 15 specified.

a) Initially, the period of the thermal variations which has
been selected is one day (86,400 s), corresponding to daily
meteorological variations and temperature setback.

b} In addition to the diumnal heating and cooling cyele,
thermal mass also influence longer time periods. Therefore the
period of one week (604,800 s) has been selected,
corresponding to longer term averaging of the building,

TABLEIV, THERMAL PROPERTIES STONE WALL, ONE WEEE, PERIOD

| Thickmess, d Thermad propesties
fmimnf Diecrement factor, § Timmes bug [T} mﬂ?:;?'x?m
300 0.93 13.75 3.2
400 086 2043 325
500 0,77 2748 337
G010 0.67 34.63 348
704 0.57 41.74 355
&00 048 48.78 =8
SO0 041 5576 358
L] 034 62.71 358

TABLE II. THERMAL TRANMITTANCE COEFFFICIENT OF STONE WALL
Thickness, d Thermal transniitance co-efficlent (U-value)

fmm] | tvalue of the wall with plaster| U-*aine ¢f the wall without

| plasier

300 2.71 [ 2189

400 2.34 | 247

500 2.06 | 2.15

600 1.83 | 191

200 1.66 | 172

300 151 | 1.56

iy 1.39 | 143

L0400 1.28 | 132

TABLE IIIL. THERMAL PROPERTIES STONE WALL, ONE DAY PERIOD

Thickness, d TRl gt
fmm) | Decrementfactor, |  Time lag fif “”’E;:‘E"K;”"“’
300 030 824 ! 5.29
400 0.18 10,84 . 527
S0 (LR 13,46 | 5.26
600 0.06 16.08 5.26
700 0.03 18.70 [ 526
800 0.02 21.32 ' 5.26
Sribl ol 2394 | 5,26
1000 0.01 257 il 526

Thermal p :s::-t::j':f Tapersef Lime plaxter Limestone
& [Wim-K] 57 1.7
p [ke/m’] 1800 2200
¢ [VKgK] 10400 1004

As we can see in Table II, the U-value decreases as the
thickness of the wall increases. Even il the thickness 1s 1000
mm the U-value is more than the maximum limit of 0.60
Wim* K, according to the law for Energy Performance of
Buildings for the A climatic zone where Crete belongs. U-
value thermal transmittance under steady state boundary
conditions is the measure of the heat transmission through a
construction element for a given difference between internal
and external temperature, which is assumed to be constant.
This value defines the insulating properties of the shell of the
construction. But 1f the outdoor temperature has a wider
diurnal fluctuation than the indoor temperature, the actual heat
loss of a high mass wall could be less than the U-value
calculation. The heat flow through the wall does not have
steady state conditions and only one direction as the outdoor
and the indoor temperature is constantly change. The direction
of heat flow will be change depends if the outside temperature
will be higher or lower than the inside temperature. Also, there
is a small difference between the value of U-value of the wall
with plaster and without plaster. The U-value of the wall with
the plaster is lower, therefore better than the wall without
plaster,

Mevertheless, the decrement factor is relatively low
according to the Table ITI. The wall with thickness 500 mm
has a decrement factor value 0,10, If this wall experiences a
10° C diumnal variation in the external temperature, it will
experience a diumal variation in the internal temperature of
only 1¥ C. Consequently, a low value of decrement factor
offers a more stable indoor temperature and low amount of
temperature fluctuations, The overall peak interior temperature
must be delayed until the exterior is at the lowest value, As the
thickness is increased, the lime lag is also increased up to
1000 mm thickness where the time lag values 2.57 h, since
time lag has overlapped the 24 h of one dav. The optimum
value of time lag 15 12 h. The results show that the tvpical
stone wall with thickness 500 mm has 1346 h time lag,
approximately the optimum value,

As we can see in Table I1T and Table IV, the results show
that the values of dynamic thermal characteristics depend on
the periods of the variations. Thermal admittance values
decline as the period increases, while decrement factor and

17
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time lag values increase. The maximum effective thickness
depends on the period of the vanations. If the period of the
variations is one day the maximum effective thickness is 100
mm and 1if it 1s one week the maximum effective thickness 1s
250 mm. Longer periods than one day allow thermal mass to
be tapped at depths in excess of the 100 mm associated with a
24-hour evele.

V. CONCLUSIONS

In this study, we calculated the thermophysical properties
{(U-values and thermal imertia factors) of stone walls of
different thickness, from 300 to 1000 mm for one day and one
week period of the variations based on the caleulation
methods of the International Standard EN 150 6946:2007 [6]
and EN ISO 13786:2007 |7]. The analysis shows that
limestone wall has a high thermal transmittance co-efficient.
Mevertheless vermnacular dwellings have relatively stable
indoor thermal conditions, with a low decrement factor and a
high time lag, due to the considerable high thermal mass of the
structure. The conclusions demonstrate the specific features of
the energy performance of the bulding with stone wall at
temperate climate, Specifically, the numeric results that were
caleulated can be used at the swdies of energy efficiency of
the vemacular buildings at Crete and additional at other
reglons with similar climatic conditions.

18

[
121
(31

[1]

[51

i8]

(71

REFERENCES

V. Olgvay, Design with Climeate, Bioclimatic Approach fo Architecinral
Regionalism, Princeton: Princeton University Press, 1963,

F. Oliver, Encvelopedia of vernacular architecture of the world, New
York: Cambridge University Press, 1997,

A Rapport, Vemacwlar Design ar a Medel Sysewm in Vernacnfor
Architecture in the 215t Century: Theory Education and Practice, ed,
by L. Asquith and M. Vellinga, 2006,

BLJ. Kontoleon and E.A. Eumorfopoulou, "The nfluence of wall
orientation and exterior surface solar absorptivity on time lag and
decrement factor in the Greek region,” Rerewable Energy, vol. 33, pp.
1652-1664, Jul. 2008.

. Loukopoulos, Enviconmenial planning of cities and open space,
Volume A°, Environmental technology, Patra: Greek Open University,
2001,

IS EN. 6%46: 2007, Building components and building  elements-
Thermal redgance and thermal transmittance-Calenlation method,
2007,

IS0, EN. 13786: 2007, Thermal performance of building components
Dmanic thermal characteri tics—Calewlation methods, 2007

TEI of Western Macedonia, Kozani | 01/06/2014 — 03/06/2014

Results from Preliminary Energy Audit in the
Faculty of Technical Sciences - Bitola

Vladimir Mijakovski®™, T. Geramitcioski. V. Mitrevski, G. Trombev, K. Ristevski

Almfract - Measures Tor increasing of energy elliciency in
buildings are clogely related o Energy Andit. Taomliy of
Techmical Sciences - Bitola (FTSE) is the biggest faculty within
the stale University “5t. Kliment Ohridski” in  Bitola.
Preliminary energy andit for the boilding of TTSH was
performed as a part of the ftraining for energy mauditors. The
calculations were performed by using of ENSIE EAR software,

Fndex Termr — Fnergy Andit, Faculiy, energy class, ENST
software,

I IWTRODUCTION

F ollowing recent adoption of U regulative in the area of

energy auditing in the country, [1,2], the tirst step was to
train energy auditors for a purpose of obtaining licenses for
energy auditing. Tn the course of this training, the building of
the Faculty of Technical Sciences in Bitola, as one of the
nstilutions licensed for rmining of Energy Auditors, was used
as an example for energy auditing with determination of its
energy class using ENSIE EAR soflware.

The building of the FTSE is located in the south-eastermn
parl of the city of Bitola. The object does not have attached
building to it, located in averagely urbanized part of the city,
next to the city park, bus station and railway station. 1t was
built in 1961 with reconstruction and extensions in 1977 and
1982 Main enfrance of the building 15 on the south-western

side (Fig. 1).

gk
Fig |’ Locatien of Faoulty of Technical Sriences’ building

Faculty of Technical Sciences - Ritola, Uriversity “3t Fliment Ohridda®,

Btola, ME 7000, Former Yugeslay REepublic of Macedonta (*comesponding
author' s e-mail vladinnr mijakoo dei@tfh ulklo adu mic )

1. DESCRIPTION OF THE BUILDING AND OTHER DATA
REQUIEED FORE ENERGY ALUDIT

The building 15 mainly divided in 2 parts: classrooms and
administrative parl. Classrooms building has two pards: main
and annex building. Main classrooms building has northeast —
southwest orientation and consists of basement and three
floors with wooden roof construction and asbestos-cement
{salonit) roofing, while the annex building has basement and
two floors with reinforced concrete flat roof. Administrative
building consists of high-basement and one floor with metal
sheet roof.

Tolal net area of the building is approx. 5950 m’, while
total net volume is approx, 21000 m'.

Last reconstruction of the building consisted of partial

replacement of external windows and carpentry and took place
in the vear 2010,

Fig. 2. Appearance of the building from the zouth-west

Part of the other relevant data for the energy audit, required

by the legislative, are given in the following table:

Table 1! Part of the data relevant for Energy Audit of FTS bailding

Clamadm=dis ol q;f;:fe Talul I#':‘l;‘"::::r Anziallbe Hmﬁ-"ﬁlﬂ'
11 DLy Erick | Fioflow LU L St Eryme EML:ICIKH 1 pvnm ) Heth
consinction hried ) fem| ] (LN
ConcreEe 46 1257 1.2
Extemal wall v = 8
MORTH Einek 2 anz s
Hidllew bk # JU0A 13
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e vy, Tor T Bl'n:l tir Haat angar
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Sty
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106 & Douhia glazing Woodan 28
m i Plastic (FVC) 24
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Prior to entering of data in ENSID EAE software. a
detailed calculation of areas of all surfaces (external building
envelope) as well as heat transfer coefficient for all materials
was performed. In the following figures, example of
calculated areas for building’s south fagade and cross-section
of one type of external wall and roof are shown.

° Ap=5.91m2
— As=3d4m2
i Ap=6.19 m2
A ps=4.46 m2
Ap=1.25 m2 Ty Ap=293m2
As=0.T5 m2 As=22 m2
Ap=4 68 m2
As=3.3 m2

Fig. 3: FTSB south fagade - Total area without windows 3988 m* red
colored windows are with deuble glazing and plastic carpentry; A, - area of
window, A, -glass area of the window

plasterboard 1,25 cm
TERWVOLE insulation 5 cm

30 0 .30
I I
LI o
plasster 4 )
hotlow beick ;'[ 1y e l
H L o 1
T T B B e
i Ry 1/ 77 Y
I - ﬁ_

Fig. 4: Cross section of construction - 1) external wall with hollow brick; by
roof with plasterboard

Al the end, we grouped external walls and windows in three
groups according to building construction and heat transfer
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coefficients.

For the heating of building, hot water radiator heating
system with forced circulation (with pump) is used. Heating
installation s of a two-pipe system with lower horizontal
branching. Two pumps are used for circulation of heating
media (water). Boiler house consists of two hot water boiler
connected in parallel, each having approx. 800 kW of installed
heat power. Light oil 15 used as fuel. As part of the energy
audit, a measurement of flue gases emission from one of the
boilers was also taken.

Electrical equipment in use consists of more than 200
Personal Computers (PC's), 10 electric boilers, around 40
printers, 3 copier machines, 20 air conditioning units (split
system) ete. There is also a substantial number of electric
heaters (around 40 that are used prior tofafter heating season
{before 15.10 or after 15.04). There are also around 900
fluorescent lightming tubes with electronic ballast mstalled for
lamination,

For the purpose of energy audit preparation, detailed
invoices — bills for electric energy and water consumption
were collected from the accounting department.

1T INSERTING OF DDATA I8 ENSIE EAB SOFTWARE AND
OBTAINING OF RESULTS

The ENSIE EAB Software, [3, 4], is tailored for quick
energy calculations of the energy performance of existing and
new buildings.

The calculations can either be based on the standard
climatic data, standard values and holiday tables that are
included in the software, or by creating user defined standard
values and holiday tables. In our case, we used the standard
climatic values for the city of Bitola with user defined holiday
tables, (Fig. 5).
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(T | wr | =va | tan | wsp | w@me [ een
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[ [ a7 =a[ wo[ e[ we[ 10
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Fig. 5; Climatic data for Bitola

After naming the project in the software, the first step is to
enter the actual condition of building envelope (areas and U-
values). The software allows to enter walls and windows in
eight directions (W, NE, E, SE, S, SW, W, NW), “Walls™ allow
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input of non-transparent constructions and “Windows™ for
transparent pars, (Fia. &),
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After entening of actual U-values, we also enter the U-
vilues for the “Messures” — thal 15 maxirmum pornilled U-
values for non-transparent surfaces according to the Rulebook
for energy characteristics of buildings, [2]. When the entering
of values (or building envelope (walls, windows, floor and
roof) is finished we proceed to enter the total conditioned
theated) area of the building and heat gains from occupants,

Next slep 18 to enlermodify  aclual  paramelers  Tor
“Heating”. This is done by changing of different efficiency
coetticient referring to emission of heating objects, distribution
efficiency, automatic control and production efficiency. It is
also possible o enler parameters for “Measures” referring Lo
condition after, for example, replacement of hot water boiler
running on light oil fuel with corresponding boiler that uses
wood pellets as fuel.
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The next few steps include entering of wvalues for
“Ventilation” (in our case there is no mechanical ventilation of
the building), followed by “Domestic Hol Waler”, “Fans,
Pumps and Lighting”, *Various exploitable and unexploitable”
and “Cooling and Outdoor™.

When all the data are filled in, the soflware gives the resulls
of calculations on five screens. The “Energy Budget” includes
the energy use for the standard building and calculated energy
use for “Actal”, “Baseling” and “After Measures™. The *After
Measures”  values  surnmarize all the savings  from the
“Measure” columns for each budget iten.
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Fig 8:"Energy budgst” results zereen

By clicking “Power budget”, the corresponding budget for
maxirnurn sirmltaneons power dermemd for each budgel ilern
will appear.
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Fig 9" Power budget” results sepem)

Both specilic and 1otal power dernands are presented in the
columns “Actual®, “Baselineg” and “After Measures”. The
kW s is the specific value multiplied by the conditioned area of
the building. defined in the “Building envelope™ window.

IV. CoONCLUSICHS

Following recent adoption of EU regulative in the field of
Enerey  Auditing of buildings, the Faculty of Technical
Sciences in Bitola is one of country®s five licenced training
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cenders for energy auditors, [5] In the scope of lraining,
practical part, the building of FI'SB was taken as an example
and general energy audil was performed on it Calenlalions
were performed using EWNSIE EAB software for quick energy
performance calculations.

The results from the calculations categorized the building of
the Faculty of Technical Sciences — Bilola as class “E”
building. Calculated walue of energy consumption is 158.8
kWh/(m’a).
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Fig 10 Energy class of the buslding

Acecording to local legistative, [2], all buildings undergoing
*substantial recenstruction” must reach at least “D" energy
class,

In the example of preliminary energy audit of the Faculty of
Technical Sciences — Bitola, the proposed measured would
include:

= Thermal insulation of all extemal walls in order to
reach maxirnum allowed U-value of 0,35 W/im'K:

e Replacemnent of all windows and carpentry in order
to reach maximum allowed U-value of 1,7 W/in'K;

» Installation of additional thermal insulation for the
roof in order to reach maximum allowed U-value
of 0,25 Wim'K;

¢ Replacement of the hot water boiler (which 1s
around 35 years old) minning on light oil fuel with
high etficiency hot water boiler nunning on wood
pellets,

o Replacemnent of fluorescent lighting tubes with TED
lights;

Implementation of these measures would ‘raise’ building’s
energy class to *C".

Return on Investment (I0O1) period for implementation of
these measures was also calculated and it ranges from 2 vears
(lights replacement) up to 5,5 vears (replacement of windows
and corresponding carpentry).
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Building artightness measurements are used for a vanety of

Blower door test - Measurement protocol

V. Mitrevski, T. Geramitcioski, G. Trombev, V. Mijakovski, . Andreevski
Faculty of Technical Science — Bitola, University St. Kliment Ohridski — Bitola, The former
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Abstract - A typical energy audit would involve an
inspection of the entire building focusing on those areas which
are typically responsible for energy loss. In the energy audit,
and inspection of the building envelope to identify areas of air
infiltration is also included. The Blower door method is a
diagnostic tool designed to measure the airtighiness of
building envelope and to help locate air leakage sites. In this
paper, the measurement procedure and application of Blower
Door method for air leak detection of small house was
presented.

Index Terms — blower door test, airtightness, building envelope

[, INTRODUCTION

The ventilation rates through the building envelope or the
number of air changes 15 of great importance when
determining thermal properties of the building as well as the
definition of quality of internal comfort. Scientific studies and
practical experience tell us that commercial and institutional
bulldings often have significant air leakage problems,
regardless of their age, size or construction. For energy
efficiency of high performance buildings there are some
reasons for establishing airtightness of buildings envelope due
to: reduction in energy consumption due to air leak, avoiding
moisture condensation problems, avoiding uncomfortable
drafts caused by cold air leaking in from the outdoors,
determining how much mechanical ventilation might be
needed to provide acceptable indoor air quality.

It s estimated that energy loss due to building envelope
airtightness in EUJ countries (ex. in Belgium and Germany) is
10%% of energy performance level [2]. Therefore, airtightness
of building envelope is one of the most important aspects
which have to be carefully considered in the design and
construction phase. In the Former Yugoslav Republic of
Macedonia, as in a number of EU countries examining the
airtightness of buildings envelope at the whole object i1s not
mandatory, but is recommended to be performed on each new
building according to recommendations of standard MES EN
13829:2000 [5].

purposes including:

» documenting the construction airtightness of buildings

= estimating natural infiltration rates in buildings

= measuring and documenting the effectiveness of air sealing
activities

= measuring duct leakage in forced air distribution systems.

In this paper the application of Blower Door method for air

leakage detection of family house was presented.

II. DEFINITION OF BUILDING ENVELOPE AIRTHIGNESS AND
INFLUENCE OF THE NUMBER OF AIR CHANGES ON ENERGY
CONSUMPTION
Building envelope airtightness can be defined as the resistance
to inward or outward air leakage through unintentional
leakage points or areas in the building envelope. From a
measurement standpoint, airtightness means measuring the
flow through building envelope as a function of the pressure
across the building envelope [1]. Due to the wide range of test
methods and standards available for air leakage testing, a
number of different reporting techniques for air leakage values

are commonly used.
The flow of air through the boundary of the building envelope
can be calculated from [4]

Qagr =C1 (Ap,)"

where:
Oage - the volumetric leakage airflow rate [m’/h)
Cp - is the air leakage coefficient [m*h™Pa™]
Ape - pressure difference across the building envelope
reduced to the atmospheric pressure [Pa]
n - flow exponent, 0.5<n<1, typical value is 0,66,
Mumber of changes of total air volume at the specific pressure
difference, Ap, can be obtained when air flow rate through
building envelope (calculated for atmospheric pressure 1.013
bar and temperature of 20°C) is divided by the heated building
volume, V, [4]:

= dapr
n =—

Apr “Ir
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Specific air flow rate, ga,, through building envelope at
pressure difference A, was caleulated, when the air flow rate
through building envelope 13 divided by the surface area, A,
of the heated building valume [4]:

W = _f[ B
Apr T
At

According to the MKS EN 138292002 the above values are
caleulated for the pressure difference of 50 Pa and denote ng
and ws. For the pressure difference between inside and
outside air of 50 Pa, measured arrflow reduced the volume of
the heated air must be no greater than;
* ng = 30 h' for the building without mechanical
ventilation 1.¢. natural ventilation
*  ng=1.5 h? for buildings with mechanical ventilation
1.e. forced ventilation.
For building that 1s ventilated by a mechanical ventilation
system with the number of air changes greater than 0.7 h™ and
air flow greater than 2500 m”/h, heat recovery of heat from the
output air is compulsory. For energy passive house the value
of 1ig should lie below 0.6 %
After that, the mnfluence of the number of air changes on
energy consumption should be calculated. The amount of heat
which per unit of time must be compensated due to the air
mass flow rate can be caleulated with equation [3];

Q=tic,AT=npVe, AT [J/h]

where:

n [h"] - the number of air changes in the room per hour,
po=pM / RT - air density in these conditions, which are
caleulated for: p = 101325 Pa - nomal pressure; M = (.029
kg/molK - molar mass of air, R = 8314 J'molK - universal gas
constant and T = 293 K indoor temperatures in winter,

Based on these data the value for density of air p = 1.2 ke/'m’
was obtained. The volume of the room is V = abh [m’],
where a [m], b [m] and h [m] are dimensions of the room, ¢,
1000 Ikek. specific heat of air at constant pressure and AT
[K] s temperature difference in winter,

On the basis of the above equation, the specific ventilation
heat losses q (1e., loss per unit of usable area, A = ab) are
determined.

Q ] I
== =nphe, AT [
q=—>=nphe, [mzhl

If the room with height, h, is heated, s, hours per day |[h / d]
and, d, days per vear [d/ a] and when to change I to kWh, and
taking into account that 1 J = (107/3600) kWh [4):
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107
3600

kWh

1
m-a

|

q pe, nhsdAT=3.33-10 'nhsdAT |

where AT = 3 K 1s average temperature difference,

II. MAESUREMENT PROCEDURE

The easiest way to measure building envelope airtightness is
with a diagnostic set called a Blower Door. A basic Blower
Dioor system includes three components: calibrated fan units, a
door-panel system, and a device to measure fan flow and
building pressure (fig.13.

Fiz.1: Commercial Blower door test installation,

A variable-speed fan is mounted in a doorway or other
opening to pressurize (or depressurize) the house by specified
amounts. To perform the test according to the MKS
EM13829:2000 standard, at least 5 readings must be taken at
different pressure points at no more than 10 Pa differences,
g.g. 60 Pa, 50 Pa, 40 Pa, 30 Pa, 20 Pa.

According to MKS EN 13829:2000, there are two methods for
airtightness measurement of the building, named method A
and method B {fig. 2).

The main difference between both methods is in the openings
in the buildings envelope that are sealed for testing. Method A
applies for the airtightness measurement of the building in
use, with the building envelope representing the conditions
during the season in which heating and cooling systems are
used [5]. Method B applies for the airtightness measurement
of the building envelope in case when any intentional opening
in the building envelope is closed or sealed [5].
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Method A Method B
Fig.2: Air flow through building envelope

Aceording to MEC EN13829:2000, for a blower door test 1o
be acceptable, there are a number of conditions that need to be
fulfilled [5]:

* the envelope of the buillding must be completed (or at least
the part to be tested)

= wind speed must be of Beaufort scale 3 or less, or, if
measured, & m's or less

* the temperature difference between mdoor and outdoor, in
K., multiplied by the height of the building envelope, in m, if
the result 15 larger than 500 m-K

» temperature difference in centigrade. with a result less than
500

* the static pressure (zero {low) difference between the inside
and outside of the building with the envelope closed up, but
without test equipment runnmg, must be less than 5 Pa over a
30 second average,

Before a blower-door test can begin, the following preparation
steps are necessary [5]:

= exterior windows and doors, fireplace and stove doors shall
be closed, but not sealed, beyond the mtended weather
stripping or other infiltration control measures

* dampers including exhaust, mntake, makeup air, backdraft
and flue dampers shall be closed, but not sealed beyond
intended infiltration control measures

= nterior doors, if installed at the time of the test, shall be
open

= exterior doors for contmuous ventilation systems and heat
recovery ventilators shall be closed and sealed

* heating and cooling systems. if installed at the time of the
test. shall be turned off

* supply and retumn registers, 1f installed at the time of the
test, shall be fully open

* doors which lead from upstairs mto most basements should
be open durmng the test, as basements are normally
conditioned by supply registers, un-msulated ducts, pipes and
the un-msulated floor above

» large garage doors shall be close. If the Blower Door is
installed on the mam door between the house and the garage 1t
must be open. It should also be open if the air handler/furnace
is located in the garage, or if there 15 an attic access n the
garage ceiling which is being left open during the test

IV, APPLICATION OF BLOWER DOOR TEST MEASUREMENT OF
THE FAMILY HOUSE

The Blower Door test measurement was made for family
house which was builded in 1970. The total calculated surface
area of house envelope 15 A= 350 m°. while the volume of
heated area of the howse is V=445 m’. The outside
temperature was 15°C and weather conditions during the test
were with small wind speed The results from conducted
Elower Door test are shown in Table 1.

Table 1 Measurement results and calculated value of
specific ventilation heat losses

Pressurized Depressurized
pilPal/ ] °C] 5015 5015
| Qae [m/h] 1280 1350
ngy [m/h] 2.88 3.03
weo [m/hm'] 3.66 3.86
q [kWh/m" a] 42.57 44,78

For caleulation of the specific ventilation heat losses ¢, the
followmg values areused: h=3m 2 = 16 h, d = 185 days per
year and AT = 5 K. For easier visualization and designation of
airflow macro location, the mini smoke puffers were used,

O figure 3, detected leaks on the connection of window with
the wall and at the connection of the output window door with
the wall are shown.

Fig.3: Smoke puffers being used to show airflow out of window and window
door
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V. CONCLUSIONS

Airtightness 1s an important compenent of building
performance. The control of air infiltration through the
exterior building envelope impacts building energy efficiency,
the potential for moisture related damage, interior comfort,
and indoor air quality. To test the airtightness performance of
buildings a variety of techniques have been developed, but
Blower Door test is the most applicabile.
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Abstracd—Buildings consume 40% of Europe's energy, thus
energy  cfficiency in buildings represents the most cost
effective potential for emission reductions. Clearly there is a
growing justification and political commitment to tackle
energy  effliciency in buildings and this requires moving
swiftly towards very low-energy retrofit and passive design
new build en masse. In this context the research project
‘Countdown to Low Carbon Homes® is proposed to investigate
the construction and the build environment sector of residential
buildings from the perspective of the key market actors bringing
them together in a co-learning program. This paper presents
initial results from a survey considering the encrgy performance
of pre- and post-retrofit houscholds in Greece. The survey is the
first step of the research and development action of the project.

Index Terms—Residential building stock, energy performance,
retrofit measures, survey,

1. INTRODUCTION

The retrofit challenge is a major issue for all countries in
Europe. as reflecied in European Union (EU) policy on
reducing energy consumpiion and emissions [rom existing
buildings. Climate change agreements highlight the need to
reduce carbon emissions and there is also concern about
security of energy supplies to meet rising demand in the next
decades. Energy poveriy is on the rise and is a phenomenon
increasingly recognized in EU countries, with consequences
lor health and well-being,

With economic downfurn, the already low rate of
replacement of buildings has reduced drastically, increasing
further the signilicance ol achieving decp carbon retrofil. Loss
of work in the construction sector is both an additional socio-
cconomic concern, and sets al nisk the loss ol valuable
lechmical skills.

Good quality and appropriate retrofil is a win-win solution,
but 1s complex 1o achieve in practice, especially in privale
housing. where it relies on significant levels of own
imvestment by home owners, as well as selection and
commissioning of poilcntially unfamiliar new technologics.
Most repair and refurbishment is done by SMEs, and ihey also
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Department of Electrical Engineering,
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face many challenges and practical, financial, acsthetic and
regulatory barriers. Other key actors in the supply chain are
building supplicrs, and local planning and building control
personnel,

In this context, the research project *Countdown to Low
Carbon  Homes” supporied by the Ewropean ERA-Nei
Ericobuild program, involving pariners from UK, Greece and
Cyprus is proposed. Scope of the project is 1o view the
construction and the build environment sector of residential
buildings from the perspective of the kev market actors
bringing them together in a co-learning program |1]. The
project imvolves three EU countries, ie. UK, Greece and
Cyprus. The kev actors include home owners and mainly SME
imvolved in the retrofit supply chain. such as builders,
installers, planning / building conirol and local building
suppliers. This project will rescarch and develop real practical
experience, and produce evidence-based research conclusions
as well as a practical guide for a local delivery model. This has
the potential to kick-start an EU wide exchange on local
retrofit of lasting benefit socially, environmentally, and
economically. The high proportion of owner occupied homes
in the EU makes this action a significant issue to understand
better in terms of scaling up retrofit and reducing costs.

In line with the concept of the *Counidown o Low Carbon
Hames™ project, this paper presenis initial resulis regarding the
energy performance of households in the area of Thessaloniki,
Greece, Contrary 1o previous works [2] - [4] the results of the
elaborated survev are analvzed referring to the categorization
of households to pre- and post-retrofit groups.

11, ACTION RESEARCH APPROACH

The rescarch and development of the “Countdown to Low
Carbon Homes™ project is conducted at a local/regional level
in cach panner arca 1o develop and validate a local delivery
model and draw in knowledge and experience from key
markel actors, In the activities the following groups are
imvolved:
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o [Local installer groups: locally active installers are
included o encompass all the main echnologices required
for sustainable energy retrofil of homes in their area,

o Post-retrofit household group: Twenly houscholds are
recruited 1o provide their expenience and record their own
and their buildings energy performance aller retrofil. An
‘energy  diary” approach will be established for sell
momitoning which will encourage the houscholders in the
habit of momioring consumplion or extermal factors that
nmpacl upon it

o Pre-retrofit household gronp: The analysis is focused on
twenly houscholds upon their imlention (o retrofit, Home
owners are recruiled for assistance with retrofit and o
paricipaie in detailed documentation ol their experience.
Each project pariner will provide a home energy survey
and advice, with a writicn report on home energy
performance and  recommendaiions  for  energy
improvements, Follow on “hand holding” advice is
provided 1o help o get works done, including linance and
installers, with recording of the expericnce by both
houscholder and adviser.

M. Tl SURVEY

The first step of the rescarch and development 15 o
investigate the energy performance of the households.
Therefore. a questionnaire was created. in order to collect
energy data boih of the pre-retrofit and the post-reiroflit stage.
This survey was conducied in the area ol Thessaloniki, the
second largest wrban arca in Greece, with a population of
some 1,000,000 citizens. The questionnaire was filled in by
means of door-to-door interviews, mainly in the Municipality
of Thessaloniki, which is the biggest Municipality in the arca.
The total of the 40 participaiing residential building owners
answered 1o the questionnaire, thus 50 % ol them are planming
to retrofil their houses and 50 % have alrcady retrofitled,

The questionnaire structure is based on 5 scclions
concerning the wypological and siructural characieristics of the
building, the detenmimation ol heating, cooling, domestic
waler syslem and electnical energy consumplion. Especially,
for the post retrofit group information about the interventions
and renovation measures alreadv implemented are also
collecied.

A General results

Results considering the main characteristics of the
buildings are summarized in Table 1. Similar siatistics are also
presented in 2], revealing that arc fairly typical for the
representative households of Greek cities.

In this survey 28% of the households are detached houses,
6.5 % are maissonclics, 6.5% are double houscs and 59 %
apartments, A charactenistic of main sigmficance, considering
the retrofitting options is the position of the household in the
building envelope [2]. An overwhelming majority of
houscholds in aparimenis. namely 75 %, does not have a
Pyvlotis, whereas as 25 % does. Furthermore, the majority of
the samiple does nol have an attic, according (o the ypology of
a lypical block of Mats in Greece |2]. The mean number of
floors per building is three and more specifically 9 % has only

one Moor, 23% two. in 3 % three, whereas 31% has more than
four floors per building, The mean foor arca is 125 m” and
houscholds with surface less than 50 m” and 100 m” constitute
3% and 38 % of the sample. whereas the majonty has an
average surface of 163 m". Thus, the occupancy profile is
varying [from [loor 1o foor. According 1o the siatistical
analysis the mean vear of construciion is 1980 with a
dispersion analyzed in Fig, 1, The majority of the buldings,
e 33 % s constructed before the implementation of (he
Thermal Insulation Regulation in 1979, hence is uninsulated.
Furthermore. it is shown that the most intense building period
lics between 1970 and 1990 | 2]

TABILE L Mamy CHARACTERSTICS OF THE EXAMINED HOUSEHOLDS
Characteristics Mean value
Mumber of floors per building 306
Year of construction 19795
Floor are in m® of the houschold 12538
Inhabitants per 100 m® 241

Another important parameter is the mumber of inhabitanis
per dwelling. In this analysis, 31.25 % reler o couples
lollowed by familics with four members (281 %), Houscholds
with three members and more than four members concemn the
18,75 % and 12.5 % of the sample, whereas only 9.3 % is ong-
member households. The mean number of the inhabitants is
3.03 related to the mean floor area of 12538 m". Therefore,
the corresponding mean number of inhabitanis per 100 m” is
2.41 for the examined sample, a value way too small from ihe
corresponding number foreseen by KEMNAK 5], e 5 but
closer to the value ol inhabitants caloulated in | 2], e 3.04,
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Figure 1. histogram of construction building vear
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. Heating svstems

From the panicipating households only 31 % of the
houscholds use oil-fired ceniral sysiems as the main heating
source. The majority ol the houscholds is heated by central
gas-lired systems, while a 9 % ol the sample uses an
mdividual gas system. Thessalomki was the hist cily i
Greece where natural gas was first introduced in 2002 [2].
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Considering the rest answers less than 5 %o uses heating oil
boilers or air heaters and only an approximate of 9 % of the
dwellings use heat pumps. Therefore, from the above analysis
it is observed that ceniral heating in general is the most
common heating system in residential buildings as also
confirmed by the results occurred in [2]. Furthermore, the
heating systems age is 6-10 years and the average
maintenance period is 1.5 vears,

According to the pre- and post-retrofit categorization
heating systems use is analyred in Figure 2. Considering the
central heating results are practically the same for the two
groups. However, the use of heat pumps and local gas svstems
is significantly higher in the post retrofit group, while hot air
heaters and local heating oil systems are mostly preferred in
the pre-retrofit group.

o pre retrofit ' post retrofit

—_—
T ——
Local Heat
* heating-  pump heating -
ol o

Figure 2.  Houschold heating systems. Pre- and post-retrofit analysis,

Furthermore, from the participating households 58 %6 usc
additionally an auxiliary heating svstem apart from the main
one. The different types of the auxiliary systems used are
presented in detail in Figure 3, where it is shown that the most
favorable are heating pumps and the fireplace. The majority of
these systems (29 %) operale on average 3-3 hours per day,
while next 13 % of them operate less than 2 hours.

s

8

Heat pump Fireplace Electrical Other
Heaters

Figure 3,  Auxiliary heating svstems,

€. Space cooling systems

Buildings in urban areas are of particular interest, since the
increased cooling demand, due to high outdoor pollution and
the wrban heat island effect encourage the use of air
conditioning with a direct impact on the clectrical energy
consumption [3]. [4]. This is more intense during the noon
hours, where also the peak of the electrical load demand is
recorded.

In the pre-retrofil group 61.5 % of the participanis use an
air-conditioning (A/C) system, while the rest 38.3 % uses
either roof or portable fans or does not have any cooling or
ventilation system installed. In the post retrofit group the
percentage of the houscholds that uses a cooling system is
significantly higher, i.e. 83.33%, while only 16.66 % is nol
supported by a mechanical cooling system.

80 - pre retrofit
u post retrofit
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Figure 4. Months of operation of the AC svstem during the summer.
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Figure 5. Average hours of operation per day of the A'C system.

In Figures 5 and 6 (he distribution of answers o the
questions “Hew many months was operating the main cooling
system during last summer?” and “How many hours per day
was operafting in average the main cooling during the last use
period?’ are presented, respectively. Results are analyzed in
pre- and post-retrofit groups. Finally, in the investigated
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sample the average rated power of A/C sysiems is 16,815
BTU/M and almost 50 % of them is cquipped with an inverter
syslem.

B Domestic hot water

Considering the domestic hot water, resulis are calegorized
according 1o the period of use. In Figures 6 and 7 resulis are
presented for the winter and the summer period. respectively.
The majority of the post retrofil houscholds uses both in
winler and summer as a primary svsiem a solar water heater.
The corresponding necds during days with low solar radiation
is covered by auxiliary systems, such as electricity, boilers,
etc. More specifically. 77.8 % of the post retrofit honseholds
have an auxiliary hot waler sysiem, while the corresponding
percentage for the pre-retrofit group is signilicantly lower al
28.5%
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0 ™
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Figure 6, Primary svstem during winler.
pre retrofit
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Figure 7. Primary svstem during summer,

I Electricity
The majority of the households (60 %) has a three-phase

clectricity supply, while the rest are single-phase. In Figure 8
the distribution of the mumber of clecirical devices in the

examined sample is presenied. Resulis reveal that 21.9 % ol
the houscholds have two personal computers (PCs). whercas
12,5 % 15 equipped with more than two PC umils, Since, PCs
can operate on stand-by mode. the above results reveal
significant possibilities for electrical energy waste elimination.
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Figure 8. LElectrical devices in the houschold.

IV. CoNCLUSION
In ns paper imtial resulls are presented regarding (he
energy performance of households already retrofitted and
intending to retrofit in the near future. Differences between the
two houschold groups are observed and analyzed. This work is
conducied in the [mamework of ihe research project
*Countdown to Low Carbon Homes®,
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Energy Audits in Public Buildings
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Abstract— - A first step towards sustainable development and
environmental protection is the carbon footprint estimation of
buildings and the evaluation of their potential to decrease energy
consumption. In this paper, the first step for decreasing energy
consumption in public buildings is described: the energy audiis
with in-situ  measurements. The required equipment, the
procedure, the difficultics during the audits and the final results

are presented

Index Terms — Energy Audit, energy consumption, in-situ
thermal conductance measurements, thermography.

I INTRODUCTION

T HE municipalities of Prespes and Resen belong to
Region of Western Macedonia, Greece and Region of
Pelagonia, the former Yugoslav Republic of Macedonia
respectively. They are situated in an area of very cold climate
where winters can last for up to nine months. Thus, there is a
huge consumption of energy to cover mainly heating
requirements. However, the only available fuels for heating
are diesel and wood and in lesser degree the locally extracted
lignite, which contribute to the pollution of the area
significantly. Additionally, due to economical crisis in Greece,
the tax over fuel prices ncreased considerably, tuming
heating expenses an extremely heavy economical burden for
the local population. It is worth mentioning that in winter
2011/12, 50 % of the households in the region of Western
Macedonia stopped purchasing diesel as heating fuel and
adopted cheaper alternative heating methods.

The above facts indicate that common cross-border action
could strengthen the weak co-operation of the two regions on
environmental protection aspects. It could also offer 1o the
local population valuable knowledge on best practices and
experiences in energy efficiency in buildings.

The project “Promotion of Energy Efficiency in Buildings
and Protection of the Environment” is an example of common
cross-border actions on energy efficiency and environmental
protection issues. It was approved under the 2™ call of
proposals of the “Greece-the former Yugoslav Republic of
Macedoma IPA Cross-Border Programme 2007-20137. Its
technical part includes the detailed energy audit of 50 public
buildings (25 at cach region). It also includes the study and
implementation of energy efficiency and renewable energy

Dept. of Electnical Engineering, Technological Educational Institute of West
Macedonia, Kozani, GR 50100, GREECE (* comesponding author's e-mail:
iamitgiteil .

technologies at three of the above buildings (2 in Greece and 1
n the former Yugoslay Republic of Macedonia), The aim 1s to
make these buildings almost zero-emission buildings.

In this paper, the targeted buildings, the required
equipment, the procedure, the difficulties during the audits
and representative results are presented.

II. DESCRIPTION OF THE BUILDINGS, THE REQUIRED
EQUIFMENT AND PROCEDURE

The 50 public buildings are mainly schools, municipality
buildings, libraries, etc. A representative building from the 25
of the Greek area 15 the Pnimary school of Agios Germanos-
Prespes Mumicipality (Fig. 1), On the other hand, a
representative building from the 25 of the former Yugoslav
Republic of Macedonia area is the Resen Highschool, Resen
Municipahty (Fig. 2} Both schools are also the two of the
three buildings that will be submitted to energy efficiency
improvements. These buildings incorporate almost all the
characteristic differences between the buildings at the two
areas: The public buildings of the former Yugoslav Republic
of Macedonia area are enormous, at least two-floored and
uniform, regarding their building materials. No major
interventions were applied since most of the buildings at this
area were declared protected, On the other hand, the public
buildings of the Greek side are much smaller, but they have
been damaged and rebuilt or expanded at least once. These
special characteristics have played an important role at the
energy audit procedure and duration of the public buildings,
even at the determmnation of the required equipment.

More specifically, since most of the in-situ measurements
require cold weather (at least 10 degrees Celsius between the
ambient and the building heated rooms), all 30 buildings have
to be measured in two-winter periods, regardless of their size
and in-homogeneities. Thus, the equipment that can be used in
practice during the energy audits at the 50 public buildings
includes:

» Photography camera with video capture option.

» 1R camera with an option of concurrent image saving of [R
and real pictures under the same name,

s [istance-meter.

& Thermal conductance measurements device (1L.e. Hukseflux
TRSys 01}

+ MNotebook with installed interface of the IR camera and the
thermal conductance measurement device.

s GFS device

* Laser mini temperature meter.

+ Humidity meter
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# Light meter (Lux)
& [Moital waste gas analyzer

TRTAT

|

Fig 1, The priomery school m Agws Grenmmnes - Frospes

Fig 2: The High-school at Rezen.

Since no plans exist for most of the buildings, the energy
audil procedure includes archilectiral measurements in order
to develop the plans of the buildings.

Then, the building is scanned with the TR carmera from the
outside. It is recommended to scan the building from the
mside too. This way, the thermal bridges that need to be
captured with the IR camera, because they cannot be defined
by the architect plans are detected. Tn Fig 3 two representative
IR. pictures are shown, The first one is the wall of the ground
floor of the Agios Germanos school, where the stones are very
clearly distinguished. Sometimes, the number of thermal
conductance measuring points is defined by the thermography
of the building. However, the latter is detined mainly by the
history of the building.
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]
Fig 3 TR pictures of Agios Germaneos school and Elindengardesn

For example, the Prirnary School of Agios Germmanos was
build vsing stone in 1922, The two floors were destroved in
1 94649 and it was rebuill using small, compact, solid brick in
1955, It was expanded to include toilettes in 1974 using anmed
comerele anid another brick armrangernent. This, for this school,
at least three thermal conductance measurements sets are
needed. On the other hand, the Highschool in Resen appears
to be unitorm and despite its size, only one measurement set is
required. In Fig. 4 the arrangement of the thermal flow
measurement sensors are presented in two actual cases.

——— (% |

Fig 4 Thermal flow measurement sensors o ackion.

Next, the heating system efficiency is estimated by the
digital waste gas analyzer, the IR-camera scanning of the
heating unit and the grid. In Fig. 5, 1R shots by a typical
heating unil and the procedure for the application of the waste
oas analyzer are shown.

Fig. & Heatmg sydom efDicwency estimtbion messurermnents.

11, DirrculTIES DUEING THE ENERGY AUDITS AND
MEASUBEMENTSE PROCES SING
One of the most cormrmon problems that the learms had Lo
face during the energy audits is the refusal of most buildings
managers to keep the heating on during the measurements. In
other cases, the heating syslemn was  inaclive, since the
buildings were not used at the specific period. This usual
problem had negative etfects to the thermography and the
thermal conductance measurements procedure.
The next most comemon problem was the refusal Lo proceed
to the waste zas analvzer application, since this requires
drilling at two pomnts of the waste gas pipe.

TEI of Western Macedonia, Kozani | 01/06/2014 — 03/06/2014

Another usual difficulty was the absence of datasheets of
fuel consumption of previous years, especially when the fuel
waz wood, or when the same heating svstem was used for the
energy need:s of two adjacent buildings. Thiz led to
approximations of previous years® fuel consumption.

IV. RESULTS

During the energy audils on-sile measurements, datasheetz
designed specially for the project had to be filled. These
sheels are orgamized in 7 ealegones: (1) Arcfiitechoral Lay- out,
which contain: information regarding the surrounding: of the
bhuilding, the total ouler surface, volume, surface per malerial,
etc, (2) Bulldmng  history and current usage, (3)
Thermogzraphy, in order to determine the thenmal bridges thal
need to be captured with the IR camera, because they cannot
he defined by the arehitect plans and the number of thermal
conductance measuring points, (4) Thermal bridges, which
includes TR pictures, (3) Thermal conductance maasuremants,
which includes the thermal conductance coefficient
calenlation by in-silu measurements, (6) The cenfral healing
soteree of the buildmg, which also includes measurements by
the wasle gas analyzer, (7) The healing grid, which includes
estimation of pipes, radiators, boilers, (8) Electricity
consumptior, which includes devices and lighting recording,
(9 Solar collectors, PV panels, An example 15 shown in Fig.
.

tad
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Fig & Exangle ofthe mimgy audits datcheets.

After filling the datazheet for cach building, processing of
the data iz necessary before proceeding to the Energy
Efficiency Certificate (EEC) Issuance. First of all, the in-situ
measurements by the thermal conductance sensors have to be
processed by a Matlab algorithm that iz developed specially

for the project and implement: the Dynamic Analysis Method,
aceording to 150 9869 [1]. The software derives the thermal

conductance coefficient Lamda (W/m’K) and is shown in Fig.

Fig. 7 The software that implements the Drnamc hnularsm Method of
ISC9E69

The next step iz to insert all the data (Architect plans and
data, thermal conductance cocfficientz:, thermal bridges
dimensions, eleclromechamical data) [rom the datasheels to
special software that derives the EEC. The most common is
the one that is developed by the Technical Chamber of Greece
(TEE-KENAK) [2]. The EEC of the Primary school of Agios

Germamos 15 shown in Fig. 8.
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Fig & The EECz ofthe Primary achool in Agios Gesmanos-Prespes-Creece

In Fig. &, it 15 shown thal the school belongs to calegory 7,
in terms of Energy Efficiency and the current energy
consumption data are shown at the right-hand side column of
the table.

However, the following inlervenfions can upgrade (his
achool from Z class to B+, a3 shown at the EEC of the same
building. after the application of (he interventions.

»  Installation of extemal thermal insulation - thickne:s
10em.

= Redesign and conztruction of the heating netwaork.

*  Heal pump waler-ar.

*  TInstallation of a smart heating management system
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{developed by the Technological Educational
Institute of Western Macedoma)

= Replacement of illuminants with type lad,

*  Building energy management system (KNX),
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Fig, @ The EECs of the Primary school in Agios Germanos-Prespes-Greece
after the interventions.

It can be observed by comparing Fig. 8 and Fig. 9, that
energy saving up to 90 % will be aclueved. The application of
the building's upgrade will take place during spring 2014

V. CONCLUSIONS

In this paper, the first step for decreasing energy
consumption in public buldings 15 described: the energy
audits with in-situ measurements. The required equipment, the
procedure, the difficulties during the audits and the final
results are presented Energy saving up to 90 % will be
accomplished after the upgrade of the pilot buildings from
class Z to class B+

The results of this project will certainly form the basis for
the improvement of the existing buildings and the designing
and comstruction of future buildings in the region and will
provide incentives for the reduction of the energy wastage of
the eountry’s public buildings. An adjacent benefut by the
priject, which can act as an mcentive for other authonities too
is the following: The issuance of Energy Certificates
constitutes  the buildings of the Municipality of Prespes
directly exploitable.
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Abstract— Building Optimization and Control (BOC) deals with
the deplovment of acfive reclmiques, aiming at  efficiently
controlling the active elements of a building (HVACs, concrete
activation elements, efc.): these techmiques can result in
iremendous energy savings, without the need for passive
expensive solutions (new nmterials for passive insulation, the use
of glass facades etc.). In this paper, we present a new approach
for BOC system design - abbreviated as PCAOQ — with the
following attributes: (i) providing extremely fast and in a "plug-
n-play™ fashion an efficient BOC system no matter how large-
scale and complex the building is (ii) rapidly and efficiently
adapting and calibrating itself so as to "quickly learn the best
BOC policy™ even in the case where a poor or no model for the
building dyvnamics is available. This paper nminly deals with the
algorithmic details of the proposed approach: real-life results
coming from the application of PCAO in two larpe scale
buildings are presented in a companion paper (part II: real-life
experimental results).

Index Terms-- Green buildings, large scale systems control,
efficient building climate control.

. INTRODUCTION

he construction of new materials for passive insulation,

the mstallation of intemal “climating™ appliances, the use

of glass facades etc. are examples of passive technignes
adopted to decrease the annual energy consumption of a
building. However, redesigning or reconstructing parts of an
existing building 15 a costly procedure that usually creates
permanent damage to the insulation or the stability of the
whole construction. Building Optimization and Control
(BOC) deals with the deployvment of active technigues aiming
at efficiently controlling the active elements of a building
(HVACSs, concrete activation elements, etc.): these techniques
can result in tremendous energy savings in everyday
buildings, without the need for passive expensive solutions.
Both extensive simulation studies and - most importantly -
evidence from real-life applications indicate that the energy
savings that can result from efficient and properly functioning
BOC systems can be as large as 20-50% [1.2].

®Department of Electrical and Computer Engineering
Democritus University of Thrace,
XNanthi, Greece, vbout@ee. duth.gr

Unfortunately, the current state-of-the-art requires a
tedious, and "expensive” design and calibration phase of the
BOC system in order to provide the aforementioned savings.,
For instance, in the case where a Building Energy
Performance Simulation (BEFPS) model for the building is
available, the current siate-of-the-ari requires a tedious
design  phase imvolving  extensive and fime-consuming
simlation and calibration tests using different choices for
the BOC system parameters. Altempts to apply "plug-n-play"
techniques - through e.g., Model-Based, Model Predictive
Control  (MPC) [3-6] or Co-simulation [7-9] and
implementation of popular Optimizers [10-13] - are not able
to produce an efficient BOC system for buildings of medium
or large size, due to dimensionality 1ssues.

In addition to the problems in developing rapid and
efficient BOC system designs using BEPS model, another
important drawback is the inability of the existing approaches
fo automatically calibrate the BOC system in real-fine so as
to be able to rapidly and efficient deal with the inevitable
BEPS modeling inaccuracies and ithe variations of the
building dwamics. In fact, no matter how elaborate and
detailed, no BEPS model can perfectly capture all the
building dynamics. Additionally, minor or major changes in
the building infrastructure, ageing and other factors render
BEPS models more and more inaccurate as time elapses.
Most importantly, in the vast majority of buildings, only a
"rough" or no BEPS mode] is available. For all these reasons,
the BOC system needs to be embedded with powerful
antomatic calibration (adaptation) attributes that will render
it capable of rapidly, efficiently and safely adapfing and
calibrating itself so as to "quickly learn the best BOC policy™
even in cases where a poar or no BEPS model is available

Embedding automatic calibration attributes in existing
BOC design approaches is typically problematic, especially
when it comes to BOC systems of large size: automatic
calibration and adaptation approaches are known to work
well only in small size problems [14-18].

In this paper. we present PCAO (P-Cognitive Adaptive

35



BEE RES 2014 // CONFERENCE

Optimization), a new approach that overcomes the above
mentioned shortcomings of existing approaches for BOC
system design. The approach is based on an adaptive
algorithm aiming at solving the Hamilton-lacobi-Bellman
equation associated with the optimal control problem, PCAO,
which originally proposed and analyzed for the control design
of general systems [19-22), possesses the following two main
features when it comes to its application for BOC system
design:

1. BEPS-based PCAO: In case a BEPS model 15 available,
PCAQ provides an efficient BOC system design based
on this model, no matter how elaborate, large-scale or
complex the BEPS model is. Contrary to other existing
model-based tools, PCAO accomplishes the BOC design
extremely fast even in cases where state-of-the-art
approaches totally fail due to the large-scale nature and
the complexity of the problem. Moreover, PCAQ is of
"plug-n-play"” nature, driven by the measurements of the
BEFPS model, without requiring any preparatory analysis,
calibration, interfacing, etc (see Table T).

Fully-Adaptive PCAG: Most importantly, PCAC can
provide with efficient and robust performance even in
cases where a very poor of even no BEPS model is
available. By employing its intrinsic self-adaptation
mechanisms, POAO automatically and in real-time tunes
itself 5o as to rapidy, efficiently and safely optimize BOC
performance (see Table ).

]

Figure 1. PCAQ for BEPS-based control design (left) and Fully-Adaptive
control design (right}.

II. PCAQ For BOC SYsTEM DESIGN

The basic structure of the BOC employved within the PCAC
approach is shown in Figure 2: the BOC system of Figure 2
comprises of a set of L linear controllers and a miving
scheme. The mixing scheme is used to smoothly mix the
control signals from the different controllers, according to
exogenous building operating conditions (e.g., for different
values of the ambient temperature). The use of different
linear controllers around different operating conditions [23-
25] reduces substantially the complexity of BOC system
design: mathematically speaking, choosing a mixing scheme
that depends only on the ambient temperature (T.4) as
follows:

h |_1'-a=E T I-"l.} E

By meb] 5 E:'_' :

EE|{T1:|¢}
I=1
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where ;. o denote the center and the width of the 1-th mixing

signal, exhibited efficiency in  building applications.

Typically, y; are chosen so as the mixing signals are spread

uniformly over the ambient temperature range and o is

chosen so as there as 18 30% overlapping between the mixing
signals.

PCAQO achieves to successfully deal with such a high--
dimensional, complex optimization problem by suitably
combining two different "ingredients”:

s The so-called CAO approach [22]. an adaptive
optimization approach which is capable of rapidly and
with minimum computational burden provide solutions
to  high-dimensional, complex control-related
optimization problems. [t is emphasized that the CAO
approach has been successfully mplemented i a variety
of real-life control-related  optimization problems
including automated fine-tuning of large-scale traffic
control systems [19] and control of swarms of unmanned
aerial or underwater vehicles [20].

* A new control design approach [26] whose key-idea is to
use the well-known in optimal control theory Hamilton-
Jacobi-Bellman (HIB)} equation [28] which, for each set
of control parameters, can provide with a measure of
how far these parameters are from their optimal values.
Using such a measure and by appropriately enhancing
CAD, the PCAD approach has been developed and
analyzed in [27] Contrary to existing control design
approaches which update the control parameters so as to
improve the overall performance of the system, PCAO
updates the control parameters so as they "come" closer
to their optimal values as dictated by the HIB equation.

Figure 2. PCAD BOC system structure (% 15 the vedor comprising the
current sensor data and weather/occupant data measirements and forecasts),

[I1. BEPS-BASED AND FULLY ADAFTIVE PCAO

In the case of BEPS-based PC40), the BEPS model of the
system is connected to the controller of Figure 1 and PCAO
updates the parameters of the controller by evaluating them
through the use of the BEPS model by employing a go-
simulation approach. More precisely:

{a) for each PCAQ's choice of controller parameters, the
closed-loop system is simulated under different scenarios
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Table I. BEPS based PCAC algonithm

Initialize.
i Set k=f. Let also T denote the simulation time of the overall
stninlasion period,
i, Choose positive constants £r<8; and positive integers A Ty

iii.  Iitialize P(0) 1o be a positive definite matrix satisfying the
constraints g, < E’I:f.l_l S8,

iv. Choose a positive sealar function a(k)  satisfying

-] {1
alk)=0, lima(k)=0,F a(k)==% a' (k)<=
-3 ka0 k=0
[The reader is referred to [19], [20]. [22] on guidelines for the
choice of N; T afk? as well as of the LIP cstimator in Step 2; also
in [26] guidelines are provided on the choice of the constants &, &

1
Step 1. Apply the controller i = --B‘]'I.{I{xl!f‘fk}z{x}
for the next smudation period and caleulate:

s{x{t},f’iij < AV (t)+ f'hl'l{x{s:l}ls . and

E{IE'{IL}] . é&g{x{u.f’[k}} where
b,

N SNt
B(K) ﬂ Py f: 2(k}- -.!B:I:Nfl:]}xfﬂl
0 0 0 B

(e (k)
AV (k)= (k1) P(k)a(k +1)-2" (K)P(K)z(k)
Step 2. Construct a linear-in-the-parameters (LIF} estimator of
}:ﬁ-[k]] as follows:
B(P(k))=e's(B(k))
k = . 2
G=argmin ¥ [E[P(i)]-8'8[P(i)
in 3 (5(f(0)-06(40)
where @.& are the regressor vector and the parameters vector of the
estimator and T=man(k.T, ).

Step 3, Calculate the best P obtained so far from all the previously
applied ta the model,
P.slk)= mgnﬂnEEf’tsﬂ.s =0,L..k
Step 4. Generate N perurbed  candidates  frandom
perturbasions) of B, (k] as follows:

Bl o (1-a(k)) B () + a(k) 2B i w12 N

where AP are random block diagonal matrices where the diagonal
elements are  symmetric  positive  definite  matrices  satisfying

g <aP zs,.
Step 5.The  controller I?’{Ir.{-l'l to be applied for the next
simulation period, is:

Pk+1) -argmnﬁ[i-j;jd

Lim0,1,.. N
Pl

Step 6. Set k=k+1 and GO TO Step 1.

Table I1. Fully- Adaptive PCAO algorithm
Inltialize.

ii.

Set k=@, Let also T denote the application time of the overall
experimental period,
Choose positive consants £z and positive integers A, T

Tnitialize P(0) to be a positive definite matrix satisfying the
constraints & < P(0}= £;.
Choose a positive scalar function a(k) satisfying
= =

alkj=0 lima(k)j=0% a(k)== ¥ a’(kj<=

Eom k=0 k=it
[The reader is refermed to [19], [20]. [22] on guidelines for the
choice of N: Ti: afki as well as of the LIP estimator in Step 2;

also, in [26], guidelines are provided on the choice of the
constants g, & |.

Step 1. Apply the controller i = —B"M_{x)P(k)z(x) for the
next sinufation perod and

calculate: x{x{k},f‘[k]} = AV(K)+ j:‘dn[x:s}]ds where

PZ ?‘.{k::|= ‘mﬂi{kj ;

| .,’P"L (x(k))x ik}_

dV(k)=2" (k+1)P(k)2{k+1)-2" (K)P{k)z(k)

pik)=| °

- o oo

C 0 0

Step 2.Construct a linear-in-the-parameters (LIF} estimator of
r.[rx[k}.l-}{k] | as Follows:

e{x (k)P (k)= 08 (P(K))
] :ﬂgngni[s{x{ij.f’{ﬂ} '9'¢ff'fiﬂr

where ¢,8 are the regressor vector and the pammeters vector of the
estimator and T=min{k.T; }.

Step 3. Generate N perturbed candidates (oo
perturbations) of P(k) as follows:

B =(1-a(k))B(k)+ a(k)aPi=12,...N

where ﬂf’["!' are rancom block diagonal matrices where the
diagonal elements are symmetric positive definite matrices

satisfying &, = J:!IJ-"“:' 5 -
Step 4.0btain ai”"[x[ k), ﬁi;,]ﬂJ using the estimator form Siep
The controller P(k+1) to be applied for the next iteration, is
Pik+1)= m'gnﬁné[:x{k},]-:‘c[;}ld ].i =0.L...N

Step 5. Set k=k+{ and GO TO Step 1.
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(e.z.. simulating the controller for many days with different
weather characteristics) so as to make sure that the optimized
controller is able to efficiently handle many different possible
real-life situations;

{b) a quantitative performance measure is provided by the

BEPS model so as to be able to evaluate the efficiency of the
closed-loop system under the aforementioned choice;

{c) such a guantitative measure is then used by PCAOQ in
order to update the controller parameters,

Steps {(a)-(c) are repeated until no further improvement in the
BOC system performance is obtamed,

In the case of Fully Adaptive PCAO, the actual building is
connected to the BOC system and PCAO adapts/tunes the
parameters of the controller by evaluating them on the actual
building. Contrary to BEPS-based PCAO  where the
evaluation was accomplished by employing simulations, in
the case of Fully-Adaptive PCAO, the real sensor
measurements from the building are used in order to evaluate
the BOC system performance. By using this evaluation, the
Fully Adaptive PCAO updates the controller parameters at
each controller ime-step (1.¢., every 10-15 minutes),

I'V. RESULTS

This paper presented a new approach for BOC system design
- abbreviated as PCAQ. The approach is based on an adaptive
algorithm aiming at solving the HIB equation associated with
the optimal control problem. Two versions of the PCAD
algorithm have been exposed. Experimental results, coming
from the application of PCAD into two large scale buildings,
show extremely fast convergence and rapid and efficient
adaptation. Due to lack of space, such results are presented in
a companion paper {part [I; real-life experimental results),
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Abstract— In this paper the experimental results coming from
the application of a novel Building Optimization and Control
{BOC) technique in two different large-scale buildings are
exposed. This novel BOC technique, described in a previous
companion paper (part I: oplimization algorithms) and
denominated as PCAQ, shows (1) its ability to provide extremely
fast and in a "plug-n-play" fashion an efficient BOC system no
matter how large-scale and complex is the building and (i) its
ability to rapidly and efficiently adapt and calibrate itself so as
to "quickly learn the best BOC policy™ even in the case where a
poor or no model for the building dy namics is available. It has to
be emphasized that the two different buildings where the PCAOQ
approach is applied and evaluated correspond to "difficult to
control buildings", ie., cfficient BOC system design for these
two buildings is significantly mwore complex than that of an
"average building™.

Index Terms— Green buildings, large scale systems comtrol,
efficient building climate control.

I INTRODUCTION

elow. we provide details of real-life experiments

conducted in two large-scale buildings, using the PCAQ-

based BOC system. The PCAQ strategy and algorithm
has been exposed ina companion paper: this paper focuses on
experimental results. It has to be emphasized that the two
buildings that have been used for experiments are very
different one ancther. First of all. they belong to different
weather zones (Greece and Germany). Besides, they consider
two opposite control problems, efficient cooling during Greek
summer, and efficiently warming during German winter.
Finally, the two buildings have been constructed according to
very different construction criteria: the Greek building is a
conventional bulding with no passive techmques for
insulation; the German building is a new generation building
employing many passive techniques for insulation. natural
ventilation. etc. For these reasons., demonstrating the
performance of the PCAO with such “extreme” environments
would be of practical importance in order to assess the
efficiency and the applicability of the PCAO-based BOC

" Department of Electrical and Computer Engineering
Democritus University of Thrace,
Nanthi, Greece, vboull@ee. duth gr

system. We start the exposition by providing some details on
the two Test Cases used Then the experimental results will
be showed, the improvements will be evaluated, and finally
some conclusions will be drawn,

‘Al =
e I S AT
(lefty ancl Test Case 2

{right},

- x

Figtu'e 1. Test Case iI:Hltgs: Ted Case 1

1. ExPERIMENTAL TEST CASES

Test case 1: 10-office building (Chania, Greece)

A 10 office butlding located in Chania at the Technical
University of Crete (see Figure 1 on the left) was used for
validating the PCAO control strategy. The energy
consumption of the specific building is quite high, 130
kWh/m®, based on energy audits and simulation results. All
10 offices of the bulding are equipped with indoor
temperature, humidity and occupancy sensors as well as split
type air conditioning units. A Building Energy Management
System (BEMS) has been mnstalled which - by using the
office sensors’ measurements - can control the set points of
the 10 different A/C units. The BEMS system is also
connected to a weather station so as to receive measurements
about current as well as forecasted weather data. The building
15 also equipped with a photovoltaic (PV) panel, providing
solar energy to the building: the building does not present any
energy storage device for the solar energy. An elaborate
BEPS model for the building has been developed using
EnergyPlus [1,2]. This model was validated using real-life
data collected during spring 2010.

Test case 2: 22-office building (Kassel, Germany)
The FIBP Building, built in 2001, located at the campus of

the University of Kassel, Germany 15 an exemplary low-
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energy building (ses Figure | on the right). The biggest
amount of energy consumption is spent during winter period
for heating up the interior offices. FIBP can be considered as
a very well equipped building with passive elements for
energy saving (thick and well insulated external walls). The
FIBP Building is equipped with radiant slabs in the ceilings
and floors in every room. Thermostats are used for the
activation of the radiant slabs. Finally, as in the case of Test
Case 1, a BEMS operates in the building which can control
the thermostat set points in each of the offices by using the
temperature, humidity and occupancy sensor measurements
from each of the offices as well as weather current conditions
and forecasts, An elaborate BEPS model for the building has
been  developed using TRWNSYS [3]. This model was
validated using real-life data collected during winter 20110,

M. RESULTS FROM SIMULATION-BEASED EXFERDMENTS

Due to lack of space, the simulation-based results will
concentrate mainly on Test Case 1 (Chania building).
Caost Function

The cost function to be minimized by the BOC system is a
combined criterion which takes into account the energy
consumption and the user comfort:

Total, e = 1*ERerey oo -0 ¥ Comfonrt, o

where 0 < ¢ < [ regulates the importance of one term respect

to the other. The nergy, o is evaluated by reading the actual

etergy consumption of the building using Wattmeters, For

Test Case 1. in order to check if the savings can be

significantly higher through a BOC system that implements

efficient Demand Shaping (D8) [4.5], vwo different forms of
the Ererey, ... are considersd:

1. The Erergbie. 15 cqual to the total power consumed
{ Power without DE),

2. The Erergy... is equal to the total power consumed
subtracting the available solar energy from the PV, 1f the
solar energy 15 greater than the power consumed, then
ERere Vo, 18 Zero. (Power with DF)

As far as it concerns the comfort score, two different types of

Comfort e are considered, namely the “Fanger index”,

el I
i
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g il t
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¢§ =0 I\\".
EL] 1\:“\. 1‘-’1._,
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Figure 2. (iscowmfort acore model based on German stondords,

which evaluates the Predicted Percent of Dissatisfied people
[6] and a second discomfort score that is based on German
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standards for user comfort (see Figure 2). This second index

has been chosen because it can be measured in real-life using

only temperature and homidity measurements, while the

Fanger index requires additional sensors which are available

in the simulation modz1, but that are not currently installzd in

the actual buildings.

Best Practice/Base Case BOC

For comparison purposes, the PCAO strategy is compared
with rule-based controllers (shortened as RBCs), currently
used in the buildings. Thesz EBCs employ simple control
sirategies, which consist of keeping the HVAC sel points
constant during the office hours, and turm the HVACs off
outside office hours. The Base Case RBCs are as follows:

e For Test Case 1, the RBC that operates the set points at
24°C during office hours (RBC1) and the EBC that
operates the set points at 25 “C during office hours
(RBC2) were used as the base cases,

*  For Test Case 2, the RBC that operates the set points at
21 °C during office hours is the best among all RBCs and
15 the one that is currently employed m the buildng,

PCADO BOC system

Contrary to what assumed in many simplified designs, in
the PCAOQ control strategy each zonc is not considered
independent of the others. In order to identify and respond to
inter-zone heat exchange dynamics, every controller’s action
depends on the whole state vector. The BOC feedback vector
also includes some forecasts for the next hours. This is done
in order to include in the feedback vector some sort of
information regarding the future, Having information of the
filure 15 beneficial in the present, in order to apply a smart
control action (pre-active control). Summing up, in Test Case

1, the PCAO feedback vector is composed of the following

components:

*= 3 measurable external weather conditions: outside

temperature, outside humidity and solar radiation.

= (i forecasts for the outside temperature in the next 6 hours.

= § forecasts for the solar radiation over the next 6 hours.

* The office temperatures of the offices.

* The office humidities of the offices.

Test Case 2 employs a similar feedback wvector, whose

dimension is different because of the fact that the FIBP

building comprises 22 offices, and becanse of the fact that the
forecasts are made over the next 48 hours (due to the bigger
thermal mass of the building).

BEPS-based PCAO

The results of the application to the BEPS -based PCAO 10
the Chania building are given in Tables I and I1. These tables
show the PCAO improvements, a typical summer sunny
week, with respect to RBCT (Table I} and RBC2 (Table IT).

The weight factor ¢, regulaiing the balance between the

energy and the comfort score was chosen to be 0.5, Two

PCAO controllers, the first one obtained with L=/ and the

second with £ -4, are compared with both EBCs It can be

concluded that PCAO controller achieves consistent
improvements with respect to both RBCs. Both the energy
absorbed from the grid and the Fanger index are improved,

Figure 3 shows the HV AC set points for all offices, under the

PCAQ system. A first observation is that PCAQ “plays” with
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such set points, in contrast with the RBCs which keep them
constant, The mechanism which lies beneath the PCAD set
points leads to reduced energy consumption with satisfactory
Fanger. The PCAO controller “plays” with the HVAC set
points in an energy-efficient way, so as to shape the energy
demand.

Table I Test Case ! smnlaiion results (during a typdcal sunny week)
Power {no DS)  Power (with  Discomfort

’E’;“p‘;ﬁ'?m“l kW] Improve DS}  [kW]/ (Fanger)/
[*a] Improve |%a] lmprove] %)
RBC=24°C Q020 15,70y 10, 2/0%y
BREFS [.=1 B2 T/830, 100749 20 6.7/34.3%,
BEPS L=4 B4.276.6%a Q250,29 5.3/48.0%

Table I Test Case 1 simlaticn resmiis {during a typical anmy week),

ter, | Do b ey
Improve [*a]  Improve [%a] Improve| %a)
RBC-25C TR.7/0%, 13.5/0%% 14.80%
BEFS L~-1 2.7/ 5.1% L0258, 90, 6.7/54.7%
BEPS L~4 B4.2/.7.1% 0.8/27.4% 5.3/64.2%0
0

HWAL setpoints [*C]
i
W
{Tf 'ug
)
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Figure 4. Power Consumprtion and User Comfont for PCAC and REC: POAQ
achieves ta efficiently “shape the demand”.

Figure 4 exhibits the result of such an intelligent "demand
shaping" mechanism: PCAOD achieves to optimally exploit the
energy coming from the PV without sacrificing user comfort.
MNote also that the more complex (larger L) i1s the PCAO
BOC, the better 15 its demand shaping characteristics: the
PCAO controller with L=4 achieves better performances than
L.=1 because better demand shaping 1s achieved.

IV, RESULTS FROM REAL-LIFE EXPERIMENTS

Together with  simulation-based  experiments, real-life
experiments have been performed in both buildings. The
main findings of these experiments can be summarized i the
following points:

L Rapid, "Plug-n-FPlay" BEPS-based BOC Design

In order to be able to compare PCAQ with state-of-the-art
approaches, we have also used a large variety of optimization
algorithms (e.g., genetic algorithms, gradient descent, pattern
search, fmincon, etc) to accomplish the BEPS-based BOC
system design. The results were quite impressive: in both
Test Cases, popular optimization algorithms were unable to
provide with an efficient BOC design, even after thousands of
terations. On the contrary, PCAO achieved to obtain very
efficient BOC systems after a few iterations. Table III
summarizes the findings of the comparative evaluation for
BEPS-based BOC system design.

2 Substantial enervgy savings are achieved only
through very intelligent and delicate decisions and AGILE is
able fo "catch” such decisions

Careful inspection of the BOC system decisions in all of the
simulation and real-life experiments, reveals that efficient
BOC system design 1s by no means an easy task: an efficient
BOC system must be capable of varying the HVAC set points
in a very delicate manner which must take nto account
various different factors such as thermal losses, thermal
interactions between the building rooms as well as the
weather/occupants behavior, Such a delicate and intelligent
behavior cannot be realized by employing rule-base logics -
which are used m the vast majority of BOC systems today -
no matter how elaborate these rule-base logics are.

3 feal-Life Experiment (Test Case 1): PCAO achieves
significant improvements, with its Fully-Adaptive version
very quickly "leaming the best BOC policy”

Both the BEPS-based and the Fully-Adaptive PCAO were
mplemented and evaluated through real-life experiments
conducted in Test Case 1. Figure 4 (upper subfigure) exhibits
the performance of the two versions of PCAO as compared to
the Best Practice (best rule-base contral among the ones
currently implemented in Test Case) for three different sets of
experniments, What is really inferesting is thal the Fully-
Adaptive PCAC exhibits significantly betfer performance
than the BEPS-based PCACQ. The reason for this 15 that the
BEPS-based design 15 "sensitive” o simulation model
inaccuracies as well as non-measurable user behavior (eg,
opening of windows). It is worth noticing that the BEPS
model was extensively tuned and validated before the
experiments, exhibifing quite accurate modeling of the actual
building dynamics. Apparently, the BEPS model became
non-aceurate enough when the experiments started, mostly
due to the difference in the weather conditions during BEPS
validation (spring time)} and BOC system experiments
{summer time),
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Table T BOC DESIGN USING BEPS MODELS

Test Case 1 (BEPS using Encrgy Plus) and
Test Case 2 (BEPS using TRNSYS)
Energy Savings with respect o
Method Tterations tire Best Practice (for the same
tmer comfort conditions)
Test Case |
- ®5-50% :

PCAO el (with DS)
=50 20%6-35% Test Case 2
Popular . i Test Case |

Optimization 10000 0% (with DS)
Algorithms = 10000 0% Test Case 2
4 Real-Life Experiment (Test Case 2): BEPS-based

PCAC can provide significant improvements in case of highly
accurate/validated BEPS-models

The BEPS-based PCAO was implemented and evaluated
through real-life experiments conducted i Test Case 2.
Figure 4 (lower subfigure) exhibits the performance of BEPS-
based PCAOD as compared to the Best Practice (best possible
rule-base control) and the Current Practice (the rule-based
control that is employed in the building). Due to space
limitations the results of the experiments conducted in Test
Case 2 are just sketched, and more details can be found in [7].
We only emphasize here that BEPS-based PCAO exhibited
quite impressive improvements for the parts of the building
tor which an extensively tuned and validated BEPS model
was available, while its performance degraded for these parts
of the building for which the BEPS model was not
validated/tuned.

V., CONCLUSIONS

Complex systems, such as buildings, require more intelligent
control decisions than rule based control strategies for
optimal performance. Rules and expertise personnel can
control satisfactorily such systems but not in an optimal
manner. Optimality in highly nonlinear, large scale systems
can be achieved through optimization algorithms. The PCAQ
algorithm, applied to two different large scale buildings,
showed excellent performance and rapid convergence,
resulting in large amounts of energy savings and discomfort
level improvements in both buildings,
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Abstract—In 20010, a new legislative framework for decreasing
energy consumption in buildings was introduced in Greece in
accordance with the FEuropean Directive 2002921/EC on the
energy performance of buildings. Since the implementation of
this Mramework, the only regulations related with the thermal
performance of building were the national Thermal Insulation
Regulation introduced in 1981 and the Technical Codes related
with the installation of heating and cooling systems. The paper
examines the thermal insulation properties of building shell that
practice the conventional construction requirements in
accordance with the new legislation. By comparing the thermal
insulation properties of the "new" bullding shells with those
complying with  earlier  specifications, result  different
concusions that indicate the outcomes of the new legislation in
energy performance of bulldings and new construction methods
and materials use in Greece,

fndex Terms—bullding, building materials, construction, energy
consumplion, energy effliciency.

I. INTRODUCTION

The energy and environmental performance of a building
1# influenced by many factors such as chimatic conditions,
architectural and constructional characteristics. The thermal
insulation behavior of the construction matenals in the
building shell guantifies an important contmibution to the
energy performance of the building by affecting the energy
consumphion for heating and cooling the indoor space.

In October 2010, was introduced in Greece a new
framework of laws and measures drawn up as a response to
the EU Directive 2002/91 on the Energy Performance of
Buildings, intended to promote energy efficiency i new and
existing buildings [1]. The pnncipal provisions of this
legislative framework determine:

s the calculation methodology for the energy
performance of buldings;

#  the content of building energy performance studies;

« gpecifications for sustainable architectural design and
the thermal properties of the structural elements in the

building shell;

+ the minimum energy performance requirements and
the classification of buildings according to their
energy performance;

e« the energy andit procedure;

o the format and the content of buldings energy
performance certificates.

According to the new “Energy Performance Building
[mrechve”, known with the abbreviabon KENAK which
comes [Tom its ibial letters m Greek, maximum U-values of
the buildings shell in relationslop with the different chmatic
zones (Fig, 1) should not exit the values indicated in Table L.

Climatic Tame A

Chimatis Tana B

Climuyile Tome T
|| Climatc Zone D L]

Figure 1. Climatic zones acconding lo KENAK
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TABLE L MANDALRA U= VALLTES ACCORDING TO KEMAK
Tlvalue W K]
Exterior Wall Comp onent Climatc Z.
A €& [ £
Raoalsz 050 | 045 | 040 | 035
Esttermal Walls 060 | 050 | 045 | 040
Esttermal floors 050 | 045 040 | 0.35
Floor over ground 1.20 | oeo | 075 | 0.70
External walls in contact with the 130 | LoD | 080 | O.70
ground
Openings 3.20 | 3.00 | 2RO | 2.60
Gilass Facades 220 | 200 | 1.70 | 2.80

Since the implementation of KENAK, there were not any
apecific regulations defined in Greece regarding the energy
performance and the evaluation of buildings. The only
regulatons related with the thermal performance of buldings
were the national Thermal Insulation Regulation introduced in
1980 and the Techmical Codes related with the installation of
heating and cooling systems [2], [3]. Themmal Insulation
Regulation  set  the mimmuom  requirements of  thermal
insulation for three different climatic zomes (Figure 2) in
Greece according to the Table 1.

Figure 2. Climatic zones sceording to the Thermal Insulation Regulation of
198D

TABLE IL MaTLUM UsVALUES ACCORDING TO THE THERMAL
INSULATION RESULATIONS OF 1980

Uivalue [Wm K|
Exterior Wall Component Clinmtic Zone

A £ &
Roafz 0.50 050 050
External Walls 0.70 0.70 070
Fleor over ground 3.00 | 190 | 070
Extemal walls in contact with the Ernund 300 1,80 070
Roali 0.50 050 050

In February of 2013, in accordance with the Directive
2010/31/EY, a new legislation on  buildings energy
performance was introduced in Greece. The objective of the
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new legislation iz to determine, define and improve the
regulations regarding energy performance and evaluation of
buildings in Greece. Moreover, the new Directive requires, by
the end of 2020, from all Euwropean member countnes to
ensure buildings energy performance towards "Nearly Zero-
Energy Buildings' [4].

This  study represents the effectiveness of thermal
insulation thickness in a typical exterior wall section in Greece
in accordance to the new legmslaton In particular, estimates
the U-value of a typical building shell in line with the previous
national Themal Insulation Regulaton considenng  the
effectiveness according to the new legislation. In case these
factors do not achieve the required U-values, different
construction decisions have been done. Each decision claims
different options according the thickness of thermal insulation
material, using the specific type of external wall section. The
objective of this study is to evaluate the new requirements of
U-value in relationghip with the climatic mones and how are
affected by the insulation material thickness. The evaluation of
U outputs allows to make different decisions of building shell
mse. The first option, which considers new constructions,
examines a different thickness of insulation uze in order to
achieve the most effective thermal insulated building shell
where, the szecomd reviews the requirements of the new
legislation with additional thermal insulation in the existing
gaction wall. In both caszes thermal insulation thicknesz should
be in comespondence with those available in the market, and
suitable for the relevant application as well as.

II. U-vVALUE CALCULATION

According to the above mentioned, three different cases of
extenior wall secton were chosen as representative types of
bulding shell. In each case the extenor wall construction
consistz of paint, plaster 2 cm in the intenor and the exterior,
two layers of brick plus they are insulated wath extruded
polystyrene. The distinction between each case lies with the
thickness of thermal insulation material and the thickness of
each brick layer. It should be mentioned that in case where
thickness of each brick layer vanes, different position of each
brick layer does not affect the effectiveness of wall thermal
insulation.

Estimating the U-value given firom the equation [5]:

. 1 o
e wm’k’) )
Ri+EX—-2+R,
-1 }\.j,
Where:
n i& the sum of all building maternals in the constructional
element (=),

d is the thickness of any construction material (m),

418 the thermal conductivity in any construction material
mm ]I:‘:. 1}’

Ri is the extamal thermal surface tranafer resistance (mzKW'l;L
Its value is approximately considered constant = 0.04 m KW,
Fa 1s the intemal thermal conductance resistance (mEHW lj.
Its value is approsdmately considered constant = 0.13 m* KW
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Listed thermal conductivity values for the construction
matcrials that are used for the ¢lements under examination are
in compliance with the tables given in the new legislation [1]:

Plaster: 3= . = 0.87 Wm 'K

Brick 1200 kg/m’: 4= 2q = 0.52 Wm™'K!
Expanded polystyrene: A= 0,03 WK™
A I"Case:

The first case of a typical cross section exterior wall
component chosen comsists of a double row of bricks of 9 cm
and 14 c¢m separated by thermal  insulation  (extrude
polystyrene) 4 cm (Fig. 3) .

el g e 14 -3

Wall section lavers:

a. plaster, 2 cm
b, brick, ¥ cm

¢ extruded
polvstvrene, 4 cm
o brick, 4 em

| e. plaster, 2 cm

Figure 3. First case of a ty pical exterior wall cross section

The 1st wall component’s U-valueis estimated, according
Lo the equation (1):
1

u 050 Wm k!
0 002
004 + mrﬂm-ﬂm1ﬂ'”r 0 .13

087 052 003 032 087

This U-value is switable for the previous Thermal
Insulation Regulation in cach climatic zone, while, in
accordance with KENAK, it is acceptable only for zone A and
zone B (Table 11

TABLE III. L -VALUES ACCORDING TO THE 17 CASE
L-value Climatic Zones
Wm' K" | 4 B C
1¥ Case 0.50 Y " X X
Replacement of
thermal msulation 0,43 W v W x
thickness(5em )
Replacement of
thermal insulation 0,38 W W W W
thickness{oem)
Additional external
thermal insulation 033 " " v "
{3cm)

v aceeplable, x nmaceeptahle

The 1st option, in order to achieve the desired U-value
regarding the new legislation, thermal insulation thickness had
1o be increased. As i 1s noliced, in case the (hickness of the

existing building insulation was sct in 5 cm, the wall section
becomes acceptable, in terms of thermal mmsulation capacity,
for all climate zones, apart for zone D, A laver of 6 cm of
extruded polvstyrene should be applied in order to meet the
minimum requirements of U-value for 2one D,

In the 2nd option, the improvement of the building shell
with additional thermal insulation of 3 em of thickness meets
the quitrents of U-value for ¢ach climatic zone.

d
B. 2" Case:

In this case, exterior wall component chosen consists of a

double row of bricks of @ ¢m and 19 ¢m separated by thermal
insulation {extrude polystyrene) of 4 cm (Fig. 4).
z ] a il i
A —p C

Wall section lavers.:

! a. plaster, 2 cm
b brick, ?cm
e. extruded

| polvsivrens, 4 em
d. brick, 1% cm
e. plaster, 2 cm

— | e e il . ¥ —  —  — . | —  c—

Figure 4. Second case of a tymeal extenor wall cross secfion
According to the cquation (1):

3 002 009 nlm 019 0.02 =048 Wm K
0.04+—+ k013

+—+
087 052 003 032 087

It can be noliced fom the Table IV, that in this case
improvement ol brick thickness was considered. The U-value
in relation with the requirement of cach climatic zone does not
meet significant improvements.

TABLE IV. LV ALUES ACCORDING TO THE 2™ CASE
L-value Climatic £ones
Wm'K"Y | A B c D
2*" Case 048 v v X X
Replacement of
thermal insulation 41 v 0 v X

thickniss [Sem)
Replacement of
thermal insulation 036 v v W v

thickness [Gem)
Additional external
thermal insulation 032 v v W v
(3cm)

w neceptable, x unazcepeahle

As il 1s noticed, the additional insulation thickness of 1 cm
is still insufficient for zone T2 In this option, more than 5 cm
of extruded polystyrene should be placed. Regarding the
decisions made, the 2nd option achieves the desired U-value
for all elimatic zones.
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. 3rd Case:

In this case, exterior wall component consists of a double
row of bricks of 9 cm and 9 cm scparated by thermal

insulation {extrude polystyrene) of 5 em (Fig. 5).
B. B 4. 0w 2

Wall section favers.

a. plaster, 2 cm
b. brick, 9 em

¢ extruded
prlvsivrene, 5 cm
o brick, 9 em

e plaster, 2 cm

Figure 5. Third case of a typical extznor wall cross section

I e
I;| .
”‘ e i L LR RuF _I

A i

087 052 003 052 087

In this case, externals wall thermal insulation capacily 1s
higher than the previous two. As a consequence. mects the
requirements related to zone A, zone B and almost can be
applied in zone C. As a first option, by increasing thermal
insulation thickness by lem {extruded polystyrens of Gem), U-
value can work properly for zone T2, Moreover, as a second
option, additional thermal insulation in the exterior part of the
wall, U-value is applicable for all climatic zones (Table V.

TABLE V. U-VALUES ACCORDING TO THE 3" CASE
U-value Clnetic Lones
W m* K A B c
3" Case .45 v u v X
Replacement of
thermal insulation 039 ] W v v
thi ckness{Gom)
Ackchtional external
thermal insulation 0.35 W W v W
(S}

v neepinide. x unpeaeptable

Considering all the above cascs of cxamination, it 1s
evident that the insulation capacity of the building element can
be improved either by increasing the brick's thickness or by
reducing the thermal conductivity of the building construction
materials.

[II. CONCLLSIONS

The aim of this study was to understand the conceptions of
buildings shell energy performance, regarding the requirement
of the thermal insulation legislations in Greece and
construction decision that should be followed 1o transform a
typical exterior wall section to a more effective thermal
insulated component of the building. The evaluation of
climatic zone and thermal insulation thickness are important
factors affecting U-value. Thermal insulation thickness was
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studied by means of improving U-value linked with the needs
of each climatic zone, The above study leads to the conclusion
that since the introduction of KENAEK, ofien, typical exterior
wall sections applied in conventional building constructions in
Grreece did not comespond to the requirements related to the
buildings shell thermal insulation, As it was noficed, working
only with the insulation thickness, in order to archive the
desired U-value according 1o the new legislaion, changes of
the insulation thickness are required (o improve the building
shell. The U-value rates vary by increasing thermal insulation
thickness from 1 1o 2 cm. Especially, in case where thermal
insulation thickness has been increased by 2 cm, U-value
exceeds the requirements provided for the examined building
shell components, in all climatic zones. In case of additional
external thermal insulation of 3cm. accelerates the same
conclusion. Construction methods along with the decisions on
the thermal insulation materials used, can lead in to a high
energy performance of the building shell.
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Energy Management System and Substitution of
Fuels and Energy Sources in Public Buildings

I Andreevski, G. Trombev, V. Mitrevski, V. Mijakovski, T. Geramitcioski
Faculty of Technical Science — Bitola, University St. Climent Ohridski — Bitola, RM

Abstract— - Energy is one of the greatest challenges of
modern humanity and fundamental condition for progress
in a number of areas and technologies.

Paper presents fundaments of Energy Management
System and substitution of fuel or energy source, as a
measure to decrease financial costs for consumed energy,
and in that order to improve energy efficiency and
decrease degree of environment pollution.

Index  Terms - Energy  Moanagement  System, energy
consumption, fuel'energy sources substitution, CO. emission.

[ INTRODUCTION

Energy costs are becoming larger in the daily operation and
maintenance of facilities, whether it refers to a buildings or
industrial plants.

However, awareness of the possibilities for the application
of energy efficiency measures and practical activities related
to reducing energy consumption is still not satisfactory.
Previous experience in implementing energy efficiency
measures in the former Yugoslav Republic of Macedonia
show that a very small number of entities have the correct
information regarding the energy efficiency of their property
and power consumption.

This especially apphes to the public sector, 1 cities,
municipalities, ministries and public enterprises,

[I. ENERGY MANAGEMENT SYSTEM [N
PuBLICc BUILDINGS - BASICS

A methodology called energy management system (EnMS)
15 developed in order to achieve positive changes in the area
of energy efficiency and energy management.

Energy management system has aim to momtor energy
consumption in a specified way, so that at any time we can
know the answers to the following questions:

= Where do we spend our energy? - Facilities such as
residential and office buildings, hospitals, barracks,
faculties, police stations, schools, kindergartens,
processes and operations in industry, transport sector
elc.;

= How do we spend our energyv? - In systems for:
heating, cooling, ventilation, lighting, preparation of
hot sanitary water, food preparation, etc, in the

production of goods and services, for transport of
people and goods, ete.;

= What kind of energv do we use? - Electrical energy,
natural gas, oil, wood, heat energy, water eic.;

*  How much energy do we spend? - How much we use
electrical and thermal energy - [kWh], oil - [1]. natural
gas or wood - [m’] etc., and how much funds are spent
for the purchase of such energy.

= Who is responsible for energy management? - Team
responsible for energy efficiency (EE) and technical
staff and superintendents at the facility.

* How to manage energy? - With weekly and monthly
tracking, monitoring and analysis  of energy
consumption through imformation system for energy
management  (ISEM),  through  planning  and
implementation of energy efficiency measures and
continucus training and motivating a energy efficiency
team and other staff,

Managing energy consumption by reducing energy costs
has an impact on reducing maintenance costs and improving
environmental protection.

Namely, Energy management system involves continuous
improvement of working procedures, thus reducing the need
for preventive and particular corrective maintenance. and
consequently achieves a reduction of maintenance costs.
Furthermore, energy consumption is closely related with
environmental pollution. During the combustion of fossil fuels
(oil, gas. coal) many pollutants are emitted in the atmosphere,
especially COy. which is considered as the main cause of
global climate change. Therefore, every wmrational use of
energy basically means pollution of the environment.

[l STRUCTURE OF ENERGY CONSUMPTION
[N PUBLIC BUILDINGS

Undeniable fact is that for every object, whether it is private
or owned by the city or municipality, at the end of the month
bills for consumed energy must be paid. The initial step is to
understand the structure of energy consumption, as given in
Fig.1.

The consumption of electrical energy engage all ¢lectrical
devices in the building or outside (in example, public
lighting). In general, heating bills apply only to buildings
connected o district heating or buildings which are heated by
hot water networks. Individual boilers which produce heat for
heating, cooking or heating of sanitary hot water can use
firewood, pellets, oil, coal or natural gas etc. as fuels. and in
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order o fomn energy cosls structure the finsmcial costs for
these energy sources should be also laken in lo accounl.

E—————— e ———
o Bills for Biils for
electrical enengy - firewood
L & \ "
i " I B
o Rilks for ! Bills for
EMERGY distric heating 4l pelletsibriquertes
CONSUMPTION - V17 <
"" i L
Bills tor fuel and | Bills far
CRErgy Sources o otlfextra Iight ol
L "
B ' v i
'Y 3 ”
Bills tor a Bl far
water nalural
.\, > Y

Fig 1. Cornmmon categones of energy conarnption m public buldimgs

During the implementation of the overall energy audit it is
necessary to make an analvsis of prices and tarift’ systems
under which in certain analy zed building energy and water are
supplied. Verv often in this segment there is significant
potential Tor energy efficiency improvernent, especially in
larger facilities, Also, it ig important Lo emphasize that in this
ares we can lalk Tor improvernent of economical rather than
energy efficiency. As an example, changes in tariff model for
electrical energy purchase doesn’t mean saving energy, but
just saving money.

Figure 2. gives the necessary input parameters and expected
results from energy supply system analyses. Prices and taritts
for electrical energy, thermal encrgy, oil and oil products and
natural gas in the former Yugoslay Republic of Macedonia are
brought by the Fnergy Regulatory Comrmission, and all
information on this matter can be obtained from the agency's
webzite (http ://www _erc.org mk).

INFUT PARAMETER § ANALY SIS RESULTS

= The erergy Supply feazinility

EMERGY from selected suppliers is
R — SUPPLYING checked
ity i SYSTEM .
exisking energy AMALYSES » Conditions in agreements with
suppliere TARIFES X exsting  energy  suppliers,
tanffs and pricas are improved
= Fuels and energy AND
sources availabie on PRICES » Substitution of fuslsianergy
location spurces - substitulion with
:\, Iasz axpenshe fusl, ag
» Fuals and energy . Matural gas instead of axira
SOWOES priTes Tighl fuel odl
® Blls for spent Tuels & Ability 1o Usé own wash as a
and anengy SoUrces Source to penerale energy -
blomass
v Ability to use washe heat

Fiiz.2: Analyzed elements from of energy supplying system

IV. EWERGY SOURCES SUBSTITUTION

MNumnbers of heating systems, especially in older buildings,
are il using oil or enude o1l a8 an energy source. Nowadays
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rarely can be find systerns that use coal, although this
possibility should not be excluded. Also object heating using
electrical energy is paticularly unfavorable forrn of heating in
terms of efficient use of enerey sources and fuels.

The previous mentioned systems are not only energy
inefficient, but also have a negative impact on  the
environment. They especially contribute to local air pollution
due to emissions of sulfur dioxide (30, nitrogen oxides
(N0, particulate maller and carbon dioxide (CO5). Therefore
il i desirable that these fuels can be replaced with fuels that
have a lower contenl of sulfur and carbon, a5 natural gas.
Certainly if’ the object i in a location where there is an
opportunity to join the pipeline, the heating system can be
adapt to natural gas. However, it such a pipeline is not
available, other possible solutions can be tfound. This specially
relates to the use of liquetied petroleum gas (LPG). Liguetied
petroleumn gas can be stored in small tanks, sbove or under the
ground, that are placed near the facility and supplied with
pipeling sy stern leading to various devices thal are placed in il
It should also be noted that the use of gas for heating is the
miost cost-effective option,

Moreover, we should assess the possibility of using
renewable energy sources, especially during major object
reconstructions, and when there is a possibility such systems
can  be eflectively  inlegrated into  the new  boilding
constructive solulion.

Taking into consideration above mentioned analysis of the
possibility of replacing a energy resource for the heat
production in the Faculty of Technical Sciences - Bitola object
is made. In the next part of this paper energy, economic and
environmental eftfects are analvzed achieved by energy source
substitution in this object.

V. LdanrLE oF AN ENERGY SOURCES SUBSTIIUTION
The building where Facully of Technical Sciences - Bitola
iz placed has total heated area of 5000 [m’], and for energy
production for heating and obtaining domestic hot water extra
light fuel oil is used.
The analysis considers an option that may be available in
the future, replacing extra light fiel oil with natural gas.

o Corrend Statos

* To produce thermal energy for heating and
preparation of domestic hot water exira light fuel
oil 15 used.

= Anmual consumption of extra light fuel oil for
heating and preparation of domestic hot water is
55 [tong per year], with an exira light fuel oil
energy value of 42300 [klkg] and density 860
[ke/m'].

=  Pipeline and the heating elements are in good
condition, reconstructed two vears ago and they
have thermostatic radiator valves.

= The development of the infrastructure in the
object location made natural gas available for
LI=E
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= The exising boiler room according to the
charactenistics doesn’t meet the requirements of
the Regulation on techmical standards for the
design, construction, operation and maintenance
of natural gas boiler rooms (SFRY Official
Gazette 10/1990 and 52/1990),

o A description of the measures faken

*  Substitution of extra light fuel oil and nstead
using natural gas for heat production.

o Necessary Investments

Based on the bids submitted by potential contractors a
certain amount of necessary investments is equal to a total of
13.530.000 MED (220000 Euro).

This amount includes investments in the following items:

= Station for measurements and natural gas
pressure reduction (MRS,

= Electrical and mechanical equipment in boiler
room (boiler, burner, circulating pumps, mixing
valves, gas connection, stack elements etc),
together with the costs of dismantling the old
and installation of new mechanical equipment.

=  External gas network.

»  Internal gas network,

= Construction and reconstruction works,

* Projects for: Station for measurements and
natural gas pressure reduction (MRS), gas
pipeline and connections, gas boiler room.

o Estimation assumptions

*  The natural gas energy value 15 33.400 [k]-"rnj],
and its density 0,69 [kg/m’].

= Heat energy consumption doesn’t depends from
fuel type used, and thermal energy which should
be provided by natural gas is equal to the
thermal energy provided by extra light fuel ml,
E,_r_.;.,r E i..ﬂ._.

Hoger

Eopon = 60.000 x 42.300 = 2. 338,000,000 fi] per year]

E, ;o = 705.000 [kWh per year] = 705 [MWh per year]

= An assumption that long-term price of natural
gas will be maintained at the current level of
288 [MKDm®] (049 [Euwro/m’]), VAT
included, that 1s 3,10 [MKDEWHR] (0,05
[EurekWh]), 1s taken into account.

= The price of extra light fuel ol 15 545
[MKD/iter] (0,82 [Eurofiter]), VAT included,
that 15 5,4 [MKD/EWh] (0,09 [Euro/kWh]).

o Savings

»  Savings in heating energy (SHE):

SHE = 0 {Heat energy consumption doesn 't depends from fuel
type tised) .

= Financial savings (F5):

FS8 = Costs for extra light fuel oil (C,,.4) - Cosis for natural
gas (Cp)

FS = E,j % 5,4 [MKDAWR] - E, . = 3,1 [MKD/&Wh]
FS = 1.621.500 [MKD/year] = 26.366 [Euro/vear]
Investment return period (IRP):
IRF = Total investments / Financial savings per vear
IRP = 13.530.000 / 1.621.500 = 8,3 years

IRP = 220000/ 26.366 = 8,3 years

V1. ENERGY SOURCES SUBSTITUTION
INFLUENCE ON CO EMISSIONS BATE

Energy Management System (EnhdS) is also directly related
to environmental protection, Useful forms of energy (such as
electrical or heat enersy) are commonly obtained from
combustion of fossil fuels (coal, oil and natural gas).

Therefore, by reducing the consumption of electricity or
heat energy throush Energy Management System (EnhS)
burning of fossil fuels can be decrease, and thus the emission
of harmful gases in the atmosphere.

Fuels contain a certain amount of carbon which in some part
15 turned into carbon dioxide during their combustion. Fuel
combustion contributes o [lue gases emission in to the
atmosphere, including carbon diccade, CO,, sulfur dioxide,
50,. and nitrogen oxides. 50, etc.. Carbon dioxide (CO2) that
occurs as a result of fossil fuels combustion has the greatest
impact on global warming,

Dwe 1o this fact, the impact of reduced energy consumption
on global warming 15 observed primarly through the
decreased COs emission.

We can use previously analyzed example, considering
energy source substitution in the Faculty of Techmical
Sciences object, to make assessment on the impact of this
change on the CO; emission level from this facility boiler
room, before and after the fuel substitution happens.

Used methodology:
CO; emissions per unil of fuel [kg COy/kg (or m™))

As the relevant ratios of CO: emissions are taken
following:

- 3,13 [kg COy/kg] for extra light fuel oil and

- 1,90 [kg COy/m™)] for natural gas

Extra light fuel oil consumption: 55 [tons per year|
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C0O, emission as a result from extra light fuel oil
combustion:

55.000 fke] x 3,13 fkg COvke] = 172.150 [kg CO.]
Matural gas consumption:
2.538.000.000 [klivear] / 33.400 [klim’] = 75.088 [m ivear]

CO;emission as a result from natural gas combustion;
75988 [nr' vear] x 1,90 fkg COVm'] = 144.377 [kg CO,]

»  (C0;emission reduction (ERED) :

ERED = CO; emissions using extra light fuel ol - CO,
emissions using natural gas

ERED = 172,150 - 144.377 = 27.773 kg CO. per year = 28 [t
OO per year]

VII. CoNCLUSIONS

Today we are witnessing the enormous energy consumption
and its impact on the global economy and climate.

Energy management system offers us an opportunity to
improve efficiency in energy consumption of different shape
at the whole society.

In this way we can significantly contribute to the
preservation and extension of the availlability of energy, from
any kind, as well as environmental protection and climate
change mitigation by reducing the level of greenhouse gases,
primarily carbon dioxide.
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Abstraci—  Electrical energy consumption keeps growing
worldwide. Smart grid is an evolved power grid to provide more
efficient and sustainable usapge of electrical energy. It enables
more penetration of distributed generation, DG, so0 thus
provides improved system reliability and power quality.
Therefore, one of the critical grid transformation issues is the
construction and integration of DG units. In Turkey, electric
power system is at the initial state of grid evolution and not any
significant strategy has not determined yet. However, there has
been an intensive work to constitute a deregulated environment
during the last decade. This paper focuses on the management of
the penetration of DG and EV technologies to evolving smarter
distribution grid in Turkey.

Index Terms— Distributed Generation, Electric Vehicle, Smart
Grid, Turkish Power System.

I. INTRODUCTION

Before the restructuring process almost all electrical
energy was being generated with bulk generators near the
energy sources and transmitted to the customers using long
transmission lines. Furthermore, power system operation and
management (generation, transmission, and distribution
systems) was centralized. Today, electric power network is
much more complex than it was in the past and hence
generation, transmission and distribution chain includes so
many actors providing the technical and economical couplings
between the separate parts of the system. Therefore, electric
power networks have been so much loaded that such a case
has never been chserved before. Under these circumstances.
management of the grown and developed power systems plavs
the crucial role in terms of system reliability. Because of the
technological developments n  electric power system,
centralized power grid has not responded anymore the
customer needs which are in terms of economical electricity
and system reliability.

Electric power systems have been evolving all over the
world. Increased unit cost of fossil fuel energy sources have
brought the necessity of restructuring electric power industry
by which energy sources would be used efficiently and
effectively. At first, deregulated operation was first approved
in many countries, since rigorous regulations had prevented

Aydogan OZDEMIR
Department of Electrical Engineering
Istanbul Techmcal University
Istanbul, Turkey
ozdemiravdodditu edu tr

efficient utilization of energy resources. Later, open-access
environment was established where the consumers were
allowed to choose their electrical energy providers. Demand
and supply of electrical energy are more flexible then it was in
the past This flexibility is expected to increase in the future
power systems. However, this flexibility has brought the
overloaded transmission lines and congestion preblems in
many countries. Therefore, some problems which affect power
quality and system reliability like as voltage instability and
blackout have been observed

Several problems of the restructured power systems
enforced the autherity to enhance the current power system
facilities, in accordance with customer requirements. One of
the leading 1deas for improved operating conditions was to let
and encourage the customers to generate their own energies
and to provide selling the excess energy to the system. It was
obvious that such an enhancement required some changes
traditional power systems, Those changes have resulted in a
new environment which is known as smart grids.

Smart grid was actually an improved power network
having some  monitoring,  analysis, control, and
communication capabilities, It can intelligently integrate the
behavior and actions of all users connected 1o it in order 1o
efficiently deliver sustainable, economic and secure electricity
supplies. However, control, operation and metering of those
new smart grids were more complicated than of the traditional
Ones,

One of the main challenges of the smart grids was o
strengthen the grid enabling smaller scale distributed
generations (DGs) to operate harmoniously with the total
system and capturing the benefits of DG and storage. In the
new constituting structure, DGs which have low investment
costs in addition to their green and highly flexible operating
flexibilities become an attractive generation type. Also, DG
simplified the integration of renewable energy sources to the
grid [1]. Moreover, smart grids were thought to be efficient
means of accommeodating the supply needs of electric vehicles
(EVs). EV consumption will be of great importance due to its
mobile and highly dispersed character and possible massive
deployment in the future. On the other hand, EVs are expected
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to be an effective distributed generating capacity for future
power systems and EV's main impact will be on local
distribution system to which they connect [2]. Therefore,
smart melermg equipment and commumication Looels were
important for this power system evolution

Power grid in Turkey is al the beginning slage of smart
grid evolution. Several steps have been performed in order to
evolve [rom a passive nelwork toe an intelligent  one
Begulations have been achieved o mtegrate renewable and
domestic energy sources to the gricdl Distributed intermittent
generation was allowed up lo power raling of 1 MW withoutl
any license requirement. This had increased the interest of the
individuals and companies. So many applications regarding
wind and solar generaling units are still bemmg evaluated for
proper integration to the system. Electric power distribution
syslem was divided into 11 parts and they have already been
privatized. However, most of the generation units are still been
managed by public regulatory anthority.  Coordination of
profection, swilching and metermg  deviees are being me-
coordinated for perfect bilateral power-flow,

. SMART GRID, DS CONCEPTICH, AND EV

Electrical energy management has become more imporiant
with increasing energy generating facilities and with
increasing energy consumption. In ftoday’s world, electne
power netwoarks have enormously srown and enhanced, hence
the isolated operation and management of generation,
transmission and distnbulion parts was nol any more effective,
Instead, they had to be coupled for a cost effective and reliable
supply of electricity.

Main goal of smart grids is to intelligently infegrate the
behavior and the actions of all pudicipaling wnils fom
generators to customers inclided in the system. In general,
smart grid is an evolved power svstem which includes
communication, advanced metering and measurement
infrastructures as well as a complete decision support. The
altractivencss of the smurl grid comes from the fucl that
generation, transmission and distribution networks become
more  ellicient, exible, and rchable due lo miellgent
operating conditions. In addition more renewable and variable
energy sources integrate into the grid and consumers get
greater  information and the capability to comtrel their
electricity consumption and costs [3].

Smart zrid is an evolved power grid integrated with
hardware, soflware, monitoring and control technolegics, und
modern communication networks. Many new challenges
trying to solve the problems those face to transform the
convenlional grid mlo a anal grid because of renewable
enerzy integration, communication errors and smart meter
dismirhance. In  order to efficiently deliver sustainahle,
economic and secure electricity supplies, smart grid becomes
a need for power networks of every country. Smart grid is not
created all at once. Instead, it has heen evolving over many
vears from the existing infrastructure through the development
and integration of intelligent systems.
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‘There are two main infrastictures imchided in the smart
grid; namely, electrical infrastructure and intelligent
infrastructure. Generation, transmission and distribution parts
of the system comprise the electrical infrastmeture and are
upzraded and improved with the intelligent infrastructure. The
authority of many power grids stated their action plan tor
smart grid evolulion [4].

The DG 13 delfmed as smaller and environmental fendly
generators whose power ratings are less than 10 MW, They
are connected to the substation, distribution feeder, or
customer load level. As being near to the loads, they serve as
economical zolution of load consumption. DG technologies
include  conventional  and  nonconvenlional  energy
technologies such as  diesel engine driven generators,
photovollwe, wind lurbmes, Iuel cells, micro, and small size
hydro turbines [5], [6]. Single line of a power sysem
including DGe and electrical vehicles i illustrated in Fig. 1.

Large Scale Power -
G ) Plants kf}

E 380 kV
]

R.EF.'- DG DG
wv 2 I
(hlﬁfm‘!‘lt‘.rﬁ‘

Figure 1: Single-line diagram of a power system including
DGz and EVs

D'Gs are generally buill al customer sides, Therelore, they
reduce the transmission and distribution cost of the power grid
[7]: In addition, the interest of 120 is increased due to their
shorter construction time and lower operational cost. In the
grown, developed, and deregulated power systems, DGs
provide posilive contribulions to sydem reliability and power
quality. In spite of their benefit, they have some negative
impacts on the system. Increased short circuit power of the
system, protection problems for bilateral power-llow (Fig. 2,
changing the stmcture of the traditional digtribution system
and bringing many uncertainties to svstem topology are the
main disadvantages of DGs. Furthermore, some renewable
DG energy sources (=olar, wind etc.) are infermiftent and
unpredictable sources. This brings the necessity of detailed
evaluation of the system trom the point of distribution system

reliability [7] - [10].
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DGe nclude combined heat and power systems, standby
power operations, peak shaving applications, grid support and
izglanding operations. A combined heat and power DG iz the
cogeneration lype operation mode and generally gas turbmes
are uzed for this type of DGs. A stand by power DG operates
to supply the interrupted customers for a limited time period.
Lt provides to prevent long time intermuption to the power grid.
Dhesel generators are widely used for this operation mode. The
installation of standby generators is an economic choice based
on extremely high mterruption cost for specified customers.

A peak shaving DG operates during peak load conditions.
The cost of wtility power generally varies hourly depending
upon the demand level and the availability of generation assets
and meorporated lronsmission syslems. I i obvious thal
energy costs during peak load conditions (times) will he
higher than of the other time scales. The strategy of peak
shaving operation is to supply the system with higher prices
[11]-[14].

Finally, in case of some faults, the distribution network is
generally divided mio several slands through the operation of
switching devices. An islanded sub distribution system
inchiding a DG can be supplied by that DG, provided that DG
capacity is higher than the load. This operation mode is known
as izlanding operation and it provides that fanlt can be izolated
[15]. An islanded operation mode is shown in Fig. 3.

telanded

Syslem
Rty M

car [ o)
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1 [ ]L ]

Figure 3: Islanded system

To integrate micro generation and on-site generation of
intermmittent renewable sources while minimizmg ¢lectrical
power transfer from the main grid will achieve to maximize
the benelil of the renewuble sources, and o mmimize the
impact of the renewahle generation on the man grid. Also,
DG 15w very impordant part of the smart grid te introduce
renewable energy sources to power distribution system. The
new smarl power syslem nol only ransmils the power [rom

generation to costumers but alzo communicates with every
dep of the grid. When DGs deploy the grid, the energy llow
will become bilateral between the grid and the consum ers with
renewable energy generations. Al peak load duration, the
atility conld buy power fiom the distributed generators to
supply grid power Utility companies gain  inercased
reliahility power quality, and prevented intemuptions, while
didgributed generator owners sell the energy al peak prices
[14]

Hlectric vehicle (EV) technology is a new game-changing
venture which can provide significant benefits to our
economy, environment, and energy security, and upend the
traditional means of transportation as we are familiar with,
EVe will reduce the impact of fossil fuel based transportation
since the electricity will become an important fuel in the
transportation industry. Furthermore, EVs reprezent a new
opportunity tor DG to manage the power demand and will be
an important part of power grid with vehicle-to-grid {(V2G)
technology (Fig. 4).

EVs charged at off-peak (night) times can effectively he
uzed as dizsinbuled sources durmg the peak load periods, Ths
will not only provide additional distriboted sources bt also
merease the usage of wind power smee the vwind power 15
mare effective during the night times, That is, TVs serve as
cfficient storage sources which decrcase the uncertainty of
renewahle energy sources. Tt is obvions that such an effective
implementation can only be achieved by aggregating those
sorages sources in a car park, Flectric vehicle parking lots
will therefore be used az peak shaving power DG, However,
this will require practical and innovative solutions  to
overcome technology, market, and infrastructure challenges.
Smart grids will make simpler to V2G concept. This choice
does not reduce the dependence on oil, but it could stabilize
grid fluctuations and increase the system reliability and power
quality [16] - [18].
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IMI. TUREISH POWEER SYSTEM

Energy Market Regulatory Authority (EMBRA) was
established in 2001 with the purpose of regulating the energy
market in Turkey. Since then, EMBA has been working to
constitule a deregulaled environment for electricity market,
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Turkish Electric Power Distribution System has already been
divided into 20 regions and privatized. On the other hand,
almost half of the 62 GW total generation capacity 1s still
under the control of public utility. However, these units are
arranged to be privatized. A little part of generation, 4 %4 is
[}Gs which are mainly based on cogeneration and wind
energy. However., recent decreases in installation costs
resulted in fast increase in photovoltaic generation. PV
generation is expected to dominate the distributed generation
in the near future especially in south-east and south part of the
country.

Power grid in Turkey is in the beginning stage of smart
grid evolution. Several legislation and organizational changes
as well as some hardware mprovements have already been
performed to pass into a smart environment. However,
transformation of the existing system to a smart gnd 1s still
estimated to take almost thirty vears,

At this tnitial phase, some nuelear power plant projects and
on-site generation from renewable sources have already
started due to the fact that the basic prionity of Turkish Power
System is supply secunity. The works of structuring
competitive deregulated market is going on to ensure supply
security, Turkey 1s a major energy importer [19] and almost
63% of the electricity consumption 1s supplied from these
mports [20]. Like any other developing country, Turkey’s
energy demand is in continuous increase with an average
increasing rate of 8%. Under these conditions, in order to gain
energy independency and to provide healthy and sustainable
growth, Turkey must nvest in national and renewable energy
sector.

The extension of distributed and renewable energy
generation was the most important attempt for shifting
generation plant constructio from regulatory authorities to the
investors. Both the geographical location and its climate
provide various advantages for renewable energy investments
and production in Turkey. The share of renewable resources in
electricity generation is expected to exceed 30% by 2023 [21].

Wind energy is one of the most valuable renewable energy
sources in Turkey. Feasible wind sources for power generation
are located in the western, north-western and south-westem
side of Turkey and dominant wind regime is from northemn
west 1o southern east.

Turkey has a perfect position for solar power generation as
being located in the Mediterranean sun belt. Solar radiation
values are similar to Spain, Portugal and Greece. Solar Energy
is therefore the most important alternative clean energy
resource in Turkey. The vearly average solar radiation 1s 1311
kWh/m? per year and 3.6 KWh/m® per day. The total yearly
insulation period 1s approximately 2460 hours per vear and 7,2
hours per day. However, solar energy has been used for
heating purposes so far. Recent decreases in installation costs,
created a big interest to PV based generation especially at the
southern and south-west part of the country.
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Wind farms and PV generations can be used as DiGs
However, there are some problems to be solved to integrate
those sources to the national distribution grid. Distribution
systems have been designed according to umlateral power-
flow from bulk generations to the loads. When DG is
integrated the pgrid, distribution system should be evolved
according to bilateral and variable power-flow. Furthermore,
protection and switching devices should be re-coordinated for
bilateral power-flow [8].

Voltage and frequency control is the one of the crucial task
for the perfect power system management. In present, DG 1s
not used for voltage and frequency control. This control 1s
achieved by large scale generators. As increasing the number
of integrating rencwable DG in distribution system, DGs
should be used for voltage and frequency control too [9],

EMRA removed the license obligation to build a
cogeneration and renewable energy generation units up to 500
kW on March 2012, Then, this regulation was extended by 1
MW in 2013 [22]. The aim of this regulation was to increase
the private investment for DG construction. Following these
regulations, there was a significant increase in new DG umt
installation applications. However, all the applications were
for the regions where the wind and PV potential were feasible.

On the other hand, Northwestern part (Thrace region) is
the most power consuming part of Turkey suffers. However,
most of this region suffers from lack of wind and PV
generations not only because of source unavailability but also
because of land costs. Part of this region is under the
responsibility of Bosphorus Electric Distribution Corporation
{BEDAS) and includes European site of Istanbul,

TABLE L EXISTING DG LIST in BEDAS

Capacity

Power Plant Fuel Type (MW)

Atateks Tekstil |Natural Gas 8445
Baydemir Tekstil INatuml Gas 9309
Eczacibazi - Baxter !Natuml Gas 1.033
Ekolajik Enerji |Recycle Gas 0.980
Halkal Kagit Karton Sanayi |Natural Gas 5.066
Kemerburgaz Hasdal Cop Gazi Iﬁeqlr_'h Gas 4,240
Kilzan Otoproditktar Tesisi INatural Gas 3.168
Kag Universitesi |Natursl Gas 2332
Polisar [Natural Gas 2128
Turcas ]Natuml Gas 1,580
Ertiirk Tepares |wind 0.660
Atik Pazha Turizm A%, !Natuml Gas 1.165
Polat Tur. Otelcilik Tic. ve San. A%, INatuml Gas 1.660
Anadolu Japan Turizm A.5. |Matural Gas 2250
Altinmarka Gida San. ve Tic, A5, [Matuml Gas 2.096
Mercedes-Benz Tirk A%, INstuml Gas 2.000
Sunjiit Sun’i Jit San. ve Tic, A5, ]W‘ind 1.200
Tav listanbul Terminal Isletmeciligi A.5. j_Nathl Gas 9.780
Evyap A5, [Natural Gas 5120
Ortadogu Enerji |Biogas 28,300
Lodos Elektrik Uratim 4.5. [wind 24,000
Ciragan Saray Isl. Gelistirme Ing. Tur. A5, [Natural Gas 1358
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This study 15 mainly concentrated in BEDAS region,
where there were 22 DGs whose total capacity was 123.87
MW before specified EMRA regulations (Table 1). It can
easily be understood from the table that most of the existing
DG are natural gas based cogeneration units. On the other
hand, total electric energy consumption of the region along
2013 was 24 billion KWh [23]. If compared, DG based energy
penetration to the system was about 1.5 percent. This was
really a little part of total capacity and not enough for an
effective contribution to the system.

Following the EMREA regulations, 82 DG applications
have been received up to February 2014 in BEDAS region. 66
applications with a total capacity of 46.5 MW have already
been approved. 39 of those DG applications were wind power
based, 18 were PV based, 7 were cogeneration units, and 2
were wave generation. Until now, bilateral contract has been
signed only six of these applications. However. total
distributed generation capacity with those additional units is
still very low for BEDAS region The most important reason
for the reluctance in DG based generation is the high price of
terrains which can be installed a DG in Istanbul. Therefore,
the private investors do not show interest in DG [24)].

Population density of BEDAS region 15 very high that
almost nine million people lives in the area [25]. But, it suffers
from lack of photoveltaic, fuel cells, wind turbine and CHF
based DG in the region. Therefore, the region cannot make use
of expected benefits from the point of system reliability and
power quality of DGs. However, electrical vehicle car parking
seems to be an alternative DG source as in other metropolitan
cities. As of March 2014, 26 car parking lots are being
operated by ISPARK in BEDAS territory and 215 car parking
lots have being planned to construct in a five year period.
Exusting and future car parks in the region have an average
size of 300 cars. Assuming that half of those cars will be EVs,
and each EV has an average capacity of 25 kWh: one car park
may serve as a temporary generating unit of 1.2 MW along 2-
3 hours. In addition, both the increasing percentage of EVs
among all cars and increasing storage facilities show that
parking lots will be more effective DG sources in the future
[26].

Such a capacity brings the usage of car parking lots as a
peak shaving DiGs. Peak load period in a vear i1s almost
thousand hours for the region In order to consume the peak
loads, EV parking lots can be used as cheaper and more
reliable sources than the power plants having high installation
costs. However, such a usage involves proper modeling of
those sources. Capacity of EV parking lots depends on some
uncertain parameters and a proper stochastic modeling s
required to achieve the expected improvements.

On the other hand, uncertainty of the source can be
decreased using some incentives. Probably the most efficient
incentive will be a price promotion. For example, daily
average parking fee is about 7 USD in the region. Initial
calculations show that the usage of parking lot will provide

maore than 60% of daily parking expenses. Therefore, 30% of
decrease in parking fee seemed to be effective.

Transportation services serve as a community service in
Turkey and are not anticipated to pay off the construction cost
in a short time. The time paying off differs with respect to the
investment and operation cost of the parking lots. Some car
parking lots pay off in 10 vears. some of in 35 years in
Istanbul. It 1s clear that, integration of parking lots to the
distribution system as DG sources will provide a significant
economy and their pay off times will decrease significantly.

IV, CONCLUSIONS

Turkey electric power system is at the initial state of grid
evolution,  Although DGs  are  expected o improve
distribution system reliability and power guality, BEDAS
region seems not to have sufficient PV, wind, etc. based DG
units, On the other hand, the usage of EVs is increasing day
by day and EV percentage is expected to reach a significant
amount in the near future. Moreover, metropolitan cities
reguire parking lots both from the point of extending public
transportation as well as traffic arrangement. Therefore. EV
parking lots can be thought as efficient DG/storage sources.
For BEDAS region, it i1s expected that 300 MW of DG
parking lot based DG capacity will be available in 5 years.
Those parking lots will contribute for high quality and
reliable power supply while decreasing their pay off times. At
this point Turkish Government has to take the intensive
legislations not only for conventional DG investments but
also for parking lots.

REFERENCES

C. L. T. Borges, "An overview of reliability models and mehods for
distribution systems with renewable energy distibuted generation”,
Fenewable and Sustainable Energy Reviews, vol. 16, pp. 4008- 4015,
2012.

R.C. Green, W. Lingfeng, and M. Alam, "Evaluating the impact of Plug-in
Hybrid Electric Vehicles on composite power system reliability”, in
Proc. North American Power Svmiposivm (NAPS 2001, 4-6 August
2011,

The Alberta Utilities Commission, "Afberta Smarr Grid Inquey™, Tech, Rep..
January, 2001,

5, Guner and A, Ozdemir, "Turkish Power System: From Cenventional Past o
Smart Future®, ISGT EUROPE 2001 Tnnovative Smeart Grid Technologies
Enrope 2011, 5-7 December 2011,

T. Ackermann, G. Andersson, and L. Soder, “Distributed Generation: A
Defimition”, Elecrric Power Svaems Reseavch, vol 57, pp. 195- 204,
2001.

F. A Daly and J. Momrison, “Understanding the potential benefits of
distributed Generation on power delivery systems,” 2000 Rural Eleceric
FPower Conference, pp. A2-1-A2-13.

B, Banerjee, 5. M. Islam, "Reliability based optimum location of digributed
generation”, Flecirical Power and Energy Svstems, vol. 33, pp. 1470
1478, 2011.

55



H. B. Cetinkava and F, Dumlu, “Possible problems that may anise due to grid
integration of dispersed generation and their grid integration analyses",
[Onling]. Available:
hitpefwww emo.org.tr/ek ler Toblae S 3cfbechd_ck.pdl

B. Simsek, M. M. Ocal, and E. Bizkevelci, "An overview about DG systems
in Turkey”, 1. World Energy Conncil Turkish Nattenal Connittes
Canference, 21 -23 Octaber 2009, lamir.

Y. M. Atwa and El-Saadany, E. F,, "Reliability Evaluation for Digribution
System With Renewable Distributed Generation During [slanded Muode
of Operation”, [EEE Transactions on Power Svaenes, vol, 24, no. 2, pp.
572-581, May 2009,

1. Bae and J. Kim, "Reliability Evaluation of Digtributed Generation Based
on Operation Mode™, IEEE Transaction on Power Systems, vol, 21, no.
2, pp. 572-581, May 2007,

P. Jahangir and M. Foluhi-Firuzabad, "Relability asessment of distribution
system with distributed generation”, X IREE International Conference
on Power and Enevgy (PECon 085, December 1-3, 2008, Johor Baham,
Malaysia

Y. Li md E Zio, "A Multi-State Model for the Reliability Assessment of 2
Distributed Ceneration Sydem via Universal Generating Function”,
Reliability Evgineering and System Safity, vol, 106, pp. 28-36, 2012,

A Thomton and O, B, Monroy, “Distributed power generation in the United
States”, Renewable and Sustainable Hnergy Reviews, vol.15, pp. 4809
4817, 2011,

G, Wang, 2. Lin, N, Liu, ) Zhang, "Reliability Evaluntion of Digtribution
System With Distributed Generation Based On [slinding  Algorithm”,
Electric Utility Deregulation and Restructiring and Power Technologies
DRPT 2008, pp. 2697- 2701, 6-9 April 2008,

R. C. Green, L. Wang, M. Alam, and 5. 5. 5. R. Depuny, "Evaluating the
impact of plug-in hybrid eledric vehicles on composite power system
reliability”. Novth Ameriean Power Svnposinm (NAPST 2001, 4-6 Augnd
2011

R. Villafifila-Robles, e al, "Electric wvehicles in power systems with
distributed generation: vehicle to micrognd (V2M) project”, Electrical
Pawer Onality and Uiilisation (EPOLY 2001, 17-19 Cotober 2011,

M. Yilmaz and P. T. Krein, "Review of benefitz and challenges of vehicle-to-
grid technology™, fEEE 2002 Ewergy Comversion Comgress and
Exprsition (ECCE) 15-20 September 2012,

World Energy Council Turkish Mational Committee (WECTNC), "Turkey
Encrgy Report 20027, Tech, Rep., 2002,

5.4 Akdag. and O. Guler, "Evaluation of wind energy investment interest and
electricity generation cost analysis for Tudkey”, Applied Energy, vol. 87,
Issue &, pp. 2574-2580, Augus 2000

Republic of Turkey Minidry of Energy and Natural Resources, “Eledricity
energy markel and =upply security strategy paper” May 2002, [Online].
Available:
hitpe/wewew enerji.goviryayinlar_raporlar ENAArz Guwvenligl Strateji_B
clzesi ENpdfEnergy Market Regulatory Authority (EMEA), “The
legislation of electric generation without license”, [Omline]. Available:
www epdk.govir,

The Bosphoms Electric Digribution Corporation (BEDAS), "2011 BEDAS
Anmual Repor™, 2011,

The Bosphomes Electric Dignbution Corporation (BEDAS), "The results of
the spplications of electric genertion without license”, [Onling].
Available:
hitp:/fwww bedas.com.tr/zavia. aspfmdl=duyuru lar&id =53,

Istanbul Metropolitan Municipality, "Population Bensity of Tstanbul”,
[Cnline]. Available:
hutpe/ o ibb gov i te-inlonmimesal pagestiloeved kkademe aspx

The Chief Management of lstanbul Car Parking Corporation (ISP ARK),
[Online]. Available: www.ispark.com.tr

56

BEE RES 2014 // CONFERENCE

TEI of Western Macedonia, Kozani | 01/06/2014 — 03/06/2014

An Advanced and Efficient Sun Tracking System based

on a Novel Algorithm for Maximum Electrical Power
Generation on Solar Array

Stilianes I. Kouridakas
Department of Electronic Engineer TE
School of Applied Sciences - TEI of Crete

Halepa Chania, Greece
kouridakistichania teicrete gr, sthouridi@diotenet.ar

Abstraci—Photovoltaic (PV) panels, with a fixed orientation
towards the sun, turn solar energy to electrical with a sun power
loss which may reach to 45%! The problem is greater for
electric power systems based on Concentrating Solar Power
{CSP) technologies. Solar tracking systems give the solution as
they follow the sun movement during a day. They are based on
different tracking techniques and methods and one can find
them on the market. We introduce a novel solar tracking
algorithm with advantages relative to today’s methods for
tracking systems. The suggested algorithm is based on real time
sun tracking, on season’s data and on a mathematical estimation
of daily sun position for a long period of days, regardless of the
presence of clouds. Finally this algorithm introduces a precise,
reliable and flexible tracking system for applications like a
single and autonomous tracker, a master tracking unit and CSP
Svstems

Index  Terms—solar tracker, photoveltaic panel, photodiode
array, Concentrating Solar Power.

L INTRODUCTION

Modern world culture 15 based on technology investments
and products. Public transport with buses, trains, metro,
airplanes and ships, private cars, entertainment with home
cinemas and televisions, sports with mechanical means usage,
air conditioned systems for houses and large multi-storey
buildings, all these require a lot of energy to work. Electrical
energy 15 on the top of energy sources for all these
appliances, but prnmary energy resources for electrical
generators are mainly oil and natural gas. Oil deposits
gradually diminish by continuous pumping and the growing
demand of energy as well as the cost per energy unit is
increasing rapidly. Besides these, enwvironmental pollution
from exhausts and temperature increase of earth are two great
tactors affecting the ecosystem, our lives and whole Earth.

Scientific and technical community turned their interest to
other kinds of energy resources to overcome all these simster
and unforeseen consequences after oil burning. This is the
Green Energy resources, like sun, wind, geothermia, biomass
and tidal waves on sea. Today's energy saving demands and
power consumption minimization are the two goals on green
energy solutions in ECC. A lot of technologies and systems
have been developed to produce electric enersy from these
ETEL‘,T'[ L‘I'H.,‘Tg}’ TESOUTCes.,

I PHOTOVOLTAIC PANELS AND THEIR APPLICATION
TECHRIQUES

A, Fived systems

Photovoltaic (PV) panels. built with cells based mainly on
silicon semiconductors, convert solar energy to electrical
These panels form an array and are placed on a fixed base
with permanent orientation against the sun, on a photovoltaic
(PV) plant. Onentation depends on local geographical
coordinates and 1s chosen so that the panels have the
maximum average efficiency per year, Most efficiency is
derived when the sun 15 normal to the PV surface, but as the
angle between sun and surface of a panel 1s changed through
the daytime, efficiency reduces dramatically for fixed PV
system. On the contrary, fixed orientation PV systems are
often chosen for installation, as they are cheaper and easier to
install. Beyvond the cost degradation of such a construction,
this chotce leads to a PV power system with a sun power loss
which can reach as high as 45% to 50% [1]. If someone
thinks that solar panels have an average efficiency of about
15%, the final power degradation is sufficiently large.
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B. One axis and two axes systems

One axis trackers developed to move the panels east-west
with a fixed tilt. They have much more efficiency. reaching
90% and more, but two axes trackers have the maximum
efficiency, approaching 100% comparing to previous
trackers. Two axes trackers move the panels east - west and
change their nlt so that they face directly to the sun,
regardless its position on the sky. Tracking svstems work
with different mechanical structures and are based on
operational algorithms with more or less durability stability,
reliability and finance cost, Many companies produce solar
tracking systems for more than 15 years, for small or large
PV plants, all over the world.

C. Technigues and algovithms presently employed

The techniques and algorithms for implementation of these
tracker systems are based on the following technical
approaches, which are deeply analyzed and explained in [2].

v Closed loop techmique. The tracker follows the sun
movement with the usage of electro-optical sensors [3],
like photediode sensors and corrects its  position
continuously by mimimizing the relative error hetween sun
and panel’s position [4] Primary disadvantages of this
method are

# The orientation loss, when a cloudy sky or a cloud
remains for a long period of time over the area of the
installation and the system is unable to move the PVs,
but when the clouds have zone, the system needs a
period of time to tumn its surface normal to the sun and
‘lock” its movement with that of sun. This is an
important limiting factor of performance.

o The panels start moving from west back to the east
during the sun rise penod in the morning, with a time
delay, depending on topology, design and electro-
mechanical parts, so having an impact at performance.

v Open loop technique. This i1s based on algorithms and
mathematical equations [5] for earth orbit around the sun.
Solving these equations, the system predicts sun position
on sky at any day, at any season, for a whole vear
Disadvantage of the method 15

e [t's not possible to correct its tracking position if
parameters, like its coordinates or real time clock are
lost or wrong, Basic parameters of such a system are its
oeographical coordinates, the real time clock, date of
the vear and a reference point based on the geometry
and construction of the system for any calculation of its
position relative to the sun and, in case of a faulty
reference point, it forces the tracker to move on a more
or less wrong orientation. A GPS 1s usually applied to
the construction to avoid the first malfunctions bt a
mismatch between sun and PV orientation still could
happen and give wrong estimation of sun position, too.

v Composite techmique.  This combines both above
techniques for maximizing stability and performance of a
tracking system and by minimizing the corresponding
disadvantages of individual methods [6], but it still may
have a problem, depending on the design of the tracker,
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o If a relatively large orentation difference occurs
between the above two techniques and the sun is
obscured by a cloud for a time, then the system could
ke forced to a useless movement, from sun direction as
it was controlled by circuits with photodiode sensors,
to the estimated position as it comes from the above
open loop technique.

I AN ADVANCED AND INNOVATIVE TRACKER

We introduce a solar tracking system which overcomes the
disadvantages of all methods as they described above.
Advanced topology of photo detectors make this system to
have a very small error during sun tracking, so it is suggested
not only for PV panel applications, but especially for
Concentrating Solar Power and Concentrating PV (CPV)
systems.

This 15 a composite, autonomous and reliable two axes
tracking system, for aximuth motion and for inclination of
PVs respectively and this is the best choice for modern
trackers. On the way of operation this 1s a closed loop system
with photodiodes for sun tracking and an open loop system,
in case of a cloudy weather, capable to compute and predict
the sun position with an innovative algorithm, independent of
geographical coordinates or real tme clock, without
complicated mathematical equation solutions. The program
siz¢ on system memory is not only less but also more
efficient. Additionally to all these, the described system
detects wind speed and consequently controls panel surface
slope. This happens when wind exceeds a predefined limat,
then the panels move to get parallel to ground and ar
pressure is mimimized on PV's, avoiding possible damage.

An approach to svstem technical aspects and procedures

The system operates based on the following innovative
concept and operations making it independent of geographical
coordinates or real time clock and free of complicated
mathematical equation solutions. Consequently this svstem is
maore e¢fficient and reliable. An explanation to system technical
aspects and procedures follows on different scenarios of
operation:

Clased loop operation

The system is controlled by an optical array of photodiodes,
which focus to the sun. Electro-optical signal from this array
of photodiodes have the largest priority and handle the
management and contrel of tracker, continuously comrecting
its relative orientation to the sun.

1. Initial operation

At the initial operation, the system is orented in the
direction of sun, This is achieved after processing real time
signals from an amay of photodiodes, responsible for
keeping 1t on tracking with the sun continucusly and the
following procedures take place in system:

* [t identifies if initial orientation to sun happens
before noon or after, based on advanced
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firmware. It's achieved with a reference point on
system orientation based on local coordinates.

e [t calculates the position (coordinates) of sunrise,
for next day moming (second day of operation)
and moves to this orlentation before sunrise. This
is achieved by a computational algonthm which
is developed for this tracker. with analysis of the
data recorded on the day before (first day of
operation],

2, Daily operation

On a daily basis, as the tracker follows the sun, a set of

data is recorded; consist of coordinates of azimuth and tilt

of tracker. This operational circle repeats for a period of

15 days and after sumitable manipulation of these data, the

tracker:

« calculates and predicts its position and motion,
relative to sun, for any time and day, on overcast sky.

s calculates its position and motion during a day, for at
least 15 days to provide the worst-case cloudy sky,
e.g. during continuous cloudy sky for a week

e does not need a real-time clock, hike the
aforementioned commercial systems, which calculate
the trajectory with the help of mathematical equations
to une up on the actual orbit. The system will always
move in the right direction to track the sun, as it is
mentioned above.

Open loop periods

When the tracker operates on open-loop technique (cloudy
sky period), 1t is self-corrected on the calculated orbit by
comparison with the real one, after removing the clouds and
this is based on an intelligent “self learning’ algorithm.

It collects and stores all data during daily movement of sun
and is capable to compute (with minimal fault) the correct
track of sun motion for next 15 days, regardless of cloud
presence for most of a day or days. This algorithm makes the
system independent of continuous presence of sun for a
whole day and the aim is its faculty to estimate sun position
for a great number of days, expanding it in whole season
peniod and finally for a year period. This 15 an innovation
since the tracking system predicts sun position without
solving complicated mathematical equations or  without
knowing its geographical coordinates of its position.

System is controlled by an optical array of photodiodes, which
focus to the sun and merely whole PV assembly focuses to the
sun, too. Data from this array of photodiodes have the largest
priority and handle the management and control of tracker,
while it's not obscured by clouds. Parallel to this the sun
estimated position by algorithm 1s compared with the real one
(from photodiodes). The final goal of this comparison is the
correction of estimated sun posiion and auto correction of
parameters in algorithm, 1if the error overcomes an
experimentally approximated limit.

Same additional advanced operations of tracker

Tracker is capable to estimate the seasons of a vear with its
advanced algorithm, after data processing during the
culmination and by measuring ambient temperature, too.

For power conservation reasons, when a heavily cloudy sky is
detected by the system, then

= if tracker operates on winter period and the system
orientation is somewhat less than midday sun position, just
before heavy clouds appear, then tracker should be oriented
after a while to the half of the remaining of sun orbit to the
west. When system orientation is more than midpomnt sun
position, then tracker is locked at that last orientation

= if it 15 on spring or autumn season, the tracker moves
following time steps of one hour as the clouds leave quickly,
The system will operate normally with its photodetectors
when it’s on sunlight period, as expected. Otherwise tracker
operational parameters might be changed; depending on
application demands and/or latitude of the area it 1s installed.
A practical and useful application

Another very useful application of this tracking svstem is the
operation in large solar parks with a lot of PV arrays. installed
on many trackers. It can be used as the main unit (master
tracking unit) and all other systems will be passive, they will
only have the mechanism of movement, without any
electronic units, like microcontroller board, phetodiode array,
photo amplifiers etc. The main unit will control all these
trackers, separately and will check their orientation. A base
station s introduced for this PV park with a computer
connected to the master tracking unit to keep data of all the
individual tracking svstems in the park and will be possible to
make statistical curves, daily based. for sunlight, the clouds,
the produced energy and many other parameters that are
useful in a large installation,

[V,  CONCLUSIONS

Obviously the new design approach for the tracker, with this
innovative concept, gives the chance for developing svstems
with higher efficiency. more reliable, simpler on operating
method and safer. The prescribed solar tracking system has
immediate implementation on photovoltaic market and will
be competitive for its benefits including its easier
initialization when installed. From this point of view it could
be the starting point for using this design method for
applications on common PV tracking systems but it is a
challenging to install such a system for advanced PV
implementations with light focusing (lenses) and Fresnel tvpe
light concentrators, because of its great reliability and small
error, adjusted to the demands and depending on the topology
of the design and the drift of the parameters used for
computing the coordinates of panels (azimuth and tilt).

REFERENCES
[1] Meville RC. “Solar energy collector orientation and sun tracking mode.”
Solar Energy 1978, 2001):7-11.
[2] Hossein Mousazadeh, Alireza Kevhani, Arzhang Javadi, Hossein Mobli,
Karen Abrinia, Ahmad Shanifi * A review of principle and am-tracking

59



BEE RES 2014 // CONFERENCE

methods for maximizing solar systems output” Elsevier, Renewable
and Sustainable Energy Reviews 13 (2000) 1800-1818

[3] Poulek W, Libra MA. “ AVery simple solar tracker for space and
Terrestrial applications.” Solar Energy Mater - Solar Cells, 2000;
G0:99-103,

[4] Roth P, Georgiev A, Boudinev H. “Design and construction of a system
for sun-tracking.” Renewable Energy 2004; 29(33:393-402,

60

[5] Roth P, Georgiev A, Boudinov H. “Cheap two axis sun following
device.” Energy Convers Manage 2005; 46(7-8):1179-52.

[5] FR. Rubio, M.G. Orega, F. Gordillo, M. Lopez-Martinez * Application
of mew control strategy for sun tracking” ScienceDirect, Energy
Conversion and Management 48 (20073 2174-2184

TEI of Western Macedonia, Kozani | 01/06/2014 — 03/06/2014

Implementation the tasks of the Renewable
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Absiract— - This paper elaborated the main objectives of
the Directive 2009/28/EC on renewable energy sources and
tasks for the EU Member States and candidate countries
for EU membership. RM largely realizes planned strategic
objectives arising from the requirements of the Directive.
Standardization listed renewable energy sources and
strategic energy data and the plan as rounded outline are
given in the paper. The comparative analysis provides a
snapshot of the current state of progress of the former
Yugoslay Republic of Macedonia in terms of increasing
the share of energy from renewable sources.

Index Terms — renewahle energy, Directive 200%28EC,
renewable energy sources substitution, CO, emission,

[. INTRODUCTION

With  established the HRenewable Energy Directive
2009/28/EC, the FEuropean Union has adopted a very
ambitious plan to increase the share of renewables in their
energy consumption to 20% by 2020, including a 10% goal
for the use of renewables in transport alone. Renewable
energy for distribution on infrastructure could come from a
variety of sources, but for transport area, the main source is
biofuel. The Renewable Energy Directive 2000/28/EC, which
sets these goals, will therefore trigger a large increase in the
consumption of biofuel in the EU. Critics argue that biofuels
could have negative social implications because they could
lead to an increase in food prices. This is particularly relevant
for today’s first generation biofuels, which are based on
biomass that could otherwise be used for food purposes, or on
biomass produced on land otherwise suitable for food
production. The environmental effects of biofuels are also
controversial. Although in principle CO2-neutral, the use of
biofuel never leads to a 100% reduction in greenhouse gas
{GHG) emissions compared to the use of fossil fuels and
eould, in extreme cases, even lead to an erease in emissions,
To address the possible negative environmental concerns, the
Directive lays out sustainability criteria that biofuels have to
fulfill. These relate to overall efficiency in terms of emission

reductions, but also specify which type of land can be used to
produce the feedstock. Some critics have argued that making a
distinction between biofuels based on such criternia 15
incompatible with WTO diseiplines. This paper examines the
Directive’s biofuel sustainability criteria and their WTO-
consistency within the framework of specific WTO Articles,
with a particular emphasis on the general exemption clause
(Article XX of the GATT).

II. BACKGROUND TO DIRECTIVE 2009/28/EC

Directive 2009/28/EC on the promotion of the use of energy
from renewable sources (the Directive) was adopted on 23
April 2009, The Directive entered into force on 25 June 2009
and mandates implementation by Member States by 5
December 2010. The EU Renewable Energy Directive pursues
a dual objective of increased security of energy supply and
reduced GHG emissions through replacing fossil fuel with
renewables, This Directive is distinet from previous directives
in that it provides a stronger regulatory framework by
infroducing legally binding targets for renewable energy at the
EU level,

Directive 2009/28/EC lays out mandatory country-specific
targets for each EU Member State for the overall share of
energy that has to come from renewable sources by 2020, The
targets, which will increase in several steps until 20203 vary
widely between Member States (between 10% for Malta and
49%% for Sweden) and are set such that a Community average
of 20% will be reached compared to 1920 levels. 4 The target
applies to energy used for electricity generation, heating and
cooling and transport. Article 3.4 of the Directive sels a
mandatory target of a 10% share of renewable energy used for
transport in each Member State.

In order to reach these targets, Member States are encouraged
to implement domestic support schemes “that promote the use
of energy from renewable sources by reducing the cost of that
energy, increasing the price at which it can be sold, or
increasing, by means of a renewable energy obligation or
otherwise, the volume of such energy purchases™.5 These
support schemes can include, amongst others, financial means
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such as ‘investment ad, lax exemplions o reduchons, lax
refunds, [14], and direct price suppert schemes including
teed n tarittz and premium payments’. Bioluels and other
“hia liquids’ net produced according to the sustainability
crilenna sel by the Doeclive will not be counted towards the
share of renewable energy in overall energy consumption nor
towards the 100 share in transportabion ® Moeresver, non
sustainable biofuels are not eligible for “financial support’
[rom the domestic supporl schiemes.

The Benewables Dircetive scts mandatory nateonal targets for
renewable energy chares of tinal energy conmumpton 1n 2020
which are calculated on the basiz of the 2005 share of each
counlry plus both a Oal-rate mmcrease of 9.5 % per Member
State as well as a GDP-weaighted additional increasc to come
up with the numbers as oullined in the table below [14]:

Table 1: Mandatory national targets set
out in the Directive (2005 and 2020)

share of Target for
anergy from share of energy
renowable from rensw-

sources in final | able sources in

corsumption final consump-

of energy, tion of energy,
105 2030
Belgium 2.2% 13%
Bulgaria 9.4% 16%
The Crech HBFI.IHIII.‘ 6.1% 13%
Denmark 17.0% 3I0%
Germany 5.8% 185
Estonla 18.0%: 25%
Ireland 3% T6%
Greece 6.9% T8%
Spain B.T% 20%
France 10.3% 23%
Italy 5. 2% 17%
Cyprus 2.9% 13%
Latvia 24 9% 42%
Lithuania 15.0% 23%
Luxembourg 0,9% 11%
Hungary 4.3% 13%
Malta 0.0% 0%
The Metherdands 24% 14%
Austria 23.3% 34%
Poland 7.2% 15%
Purtuga! 20.5% 3%
Romania 17.8% 24%
Slovenia 16.0% 25%
The Slovak Republic 6.7% 14%
Finland 28.5% IB%
Swaeden 39.8% A9%
United Kingdom 1.3% 15%

Contribution of RES to Final Ener gy Consumption
Eurostat Convention {IMtoe)
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Grven the present state of markel progress and strong political
support, the DLurepean Benewable Lnergy  Industy 1
conwinced it can reach and exceed the 20 % renewable energy
share in final energy consumption by 2020, The estimates by
the Renewable Energy Industiy are based on a moderate
annual growth scenario for the different technologies, Strong
energy etticiency measures have to be taken to stabilize the
energy consumption between 2010 and 2020 EREC and its
members assume thal a 20% shae of Benewable Energy of
final cnergy consumption by 2020 13 a rcalistic target for the
EU under the condition that certmn policy developments wall
occur and a continuation of the existing policy instruments are
ensured. The mdividual sector projections ae based on
moderate cstmates, some of the sectors forccast much higher
numbers tor their sectors by 2020,

Tahle 2: Contrihnton of RES tn tntal final energy
consumption (toe)

Pangection 700 Tuyers FOXD
Il Erergy Comsampbion 1 1.701.% LIUE
Tecrvds ko MRS 1272 17
Lot B15 and 1] 1.4
Wrd L [ &) LA L Teid 1.1% an EE-LJ
Hynn & JE! 44l Jurn 455 A% A4 (] LELD
Mhiokowaltin LA E i 1)) oo rr e Tab 1
R b5 LT (ES R B jLIEE B LEE S R FAREL ]
et el 11 { P 11k L8 1) Y (1R LE B
B IRCEma L] LB wir s (] ELld 3 L¥Lu
K IRCEmal L L] L] L1 KL 414 B
ARDRaN L1} "] L LR U | O

T 2 T 7 VT ST T R0 T

& development of all exasting Benewable Energy Sources and
a balanced mixz of the depleyment in the sectors of heatng and
cecling, electricity and biotuels guarantee the start of a real
sustainable energy mix for Europe. The table below gives an
overview of the resulling conliibelion of renewable energy 1o
the clectricity, heating and cecling and biofucls scctors
towards attaining the overall 20% target,

Table 3: Cuntribution of RES twv Tuwtal Final Energy
Consumption by sector (Mtoe)

o T
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IT1. IMPLEMENTATION THE TASKS OF DIRE CTIVE 200928
1IN THE FORMER YUGOSLAVEREEPUBLIC OF MACEDONIA

Farts and fignres on resonree efficiency for the form er

Yugoslar Republic of Macedonia

MMee of resources per capita 2000 [fones DM capita)
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sI3. Comparative data of material productivity

From the Strategy for sustainable development of the former
Yugoslav Republic of Macedonia 2010 [10]. and the Strategy
for increasing energy efficiency in the former Yugoslav
Republic of Macedonia until 2020 [13] :

- Decreasing the dependence on energy mports and
decreasing the unproductive consumption of electricity;

- Progressive change in the usage of current energy sources
{emphasis on usage on natural gas and other renewable energy
sources in the production of electricity ),

|- Stimulus tor structural Industrial changes. with benefits for

lower energy intensrve industries, improvement in

technologies, equipment and the systems that control the
| production, distribution and consumption processes;

L. Promotion of the combined production of heating and

electricity energy;

|- Stimulus for the participation of the private sector in

7 T——'—.—-—.-— 1 —i EEEE R EEEE W T E I
5 — . i i g g i

securing services for improvement of the enerpy efficiency
from commereial aspeots;

- Introduction of market prices for energy (rationalization of
energy prices) as a means to mmprove the operating conditon
of the energy producers which should result in significant
motivation for saving energy (public and private),

Diefined goals in the energy sector: from the Strategy for
increasing the energy efficiency in the former Yugoslav
Republic of Macedonia until 2020[13], and from the Strategy
for use of renswable sources of energy in the former Yugoslav
Republic of Macedonia until 2020 [12]

- Energy savings amount to 9% of the average consumption
registered in the period of five vears (2002-2006) until vear
2018, with continuous promotion of enerpgy efficiency and
monitoring until 2020; 2011 survey of resource efliciency
policies in EEA member and cooperating countries -the
former Yugnslav Republic of Macedonia

- Hnergy savings amount to 9% of the average consumption
registered in the period of five years (2002-2006) until year
2018, with continuous promotion of energy efficiency and
monitaring until 2020,

- Increasing the share of renewable energy sources from
13.8% n 2005 up to 21% in 2020, in the total energy
consumption;

- Consumption of bio-fuels until 2020 is planned to reach 10%
af the total fuel consumption in the transport sector,

Indicators in the energy sector: from the Strategy for
mereasing the energy efficiency m the former Yugoslav
Republic of Macedonia until 2020 [13] and publication
Environmental Indicators in the former Yugoslav Republic of
Macedonia 2008 [12]

- National indicator for energy savings on the basis of the
average final consumption of energy for the five years 2002-
2006 (kioeyr),

- Calculation of the indicative goal of energy savings in the
residential sector 2002-2006 (ktoelyr);

- Calculation of the indicative goal of energy savings in the
commercial and services sectors (public buildings and
facilities) 2002-2006 (ktoelivr);

- Calculations of the indicalor for energy savings in the
industrial sector 2002-2006 (kice/vr);

- Calculation of the indicative goal for energy savings n the
transport sector 2002-2006 (ktoe/yr),

- Energy consumption in the transport sector in the former
Yugoslav Republic of Macedonia; types of energy and types
of transport 2000-2006 ktoe/year),

- Final energy consumption by sector 1995-2003 (ktoe/vr, %),
- Total energy intensity 19932005 (%),
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- Total energy consurnplion by fuel 1995-2005 (ktoe'yr, %a);

- Renewable energy consumption 1995-2005 (ktoefyr, %ok

- Trend gross electricity consumption and renewable
electricity 1905-2005 GWh;

- Electricity production from renewable sources 1995-2005
%),

IV. ENERCGY SOURCES SUBSTITUTION IN THE FORMER
YUucosLAv REPUBLIC OF MA CEDONIA

Renewahle energy sources
With a share of renewable energy sources (RES) of 13.8% in
the final energy consumption in 2005, the fomer Yugoslav
Bepublic of Macedonia belongs to the countries with a
relatively high wlilization of this type of energy. Having in
mind that these are environmentally  acceplable  domestic
resources, the rximal possible ulilization of RES is one of
the priority activities envisaged in the Strategy.
In the past period, out of the renewable sources, the former
Yugoslav Republic of Macedonia primarily used hydropower
(for production of electricity), biomass (mostly wooden mass
for heat i the residential sector), the geothermal energy
(mostly for heating the greenhonses), and some solar energy
(for hol water in the houscholds) and biofuels. Tn the fobure
the plan is 1o increase the previously mentioned RES and Lo
additionally use wind and solar power and biogas for
production of electricity as well as waste biomass for
combined heat and power generation.

Hydropower

The former Yugoslav Republic of Macedonia has available
lechnical potential for hydropower for generation of about
55000 GWh (473 ktoe) of electricity per year in average
hydrologic conditions. From this potential, the total installed
power of the existing hydropower plants is 530 MW and their
average annual generation is about 1500 GWh (129 ktoe)
which is 27% of the available potential. According to the
Study, construction of new hydropower plants with an annual
generalion of abonl 2500 GWh (215 ktoe) is planned, which
winld make the total production reach a level of 4000 GWh
(314 ktoe) or 71% of the available technical potential.

The Strategy plans for the construction of 6 new large
hydropower plants in the period to 2020 (HPP Sv. Petka until
2010, HPFP Boshkov Most until 2015, Lukovo Pole with HPP
Cm Kamen and HPP Galishte until 2016, HPP Gradec until
2017 and HPP Chebren until 2019 with a total installed
power of aboul 690 MW (plus Sv. Petka) and with average
annual generation of about 1200 GWh. Having in mind that
the concession awarding activities (tenders) have not been
successful. there is a possibility for delaying the construction
of these power plants. If their construction is delaved by about
a tew vears, it can be expected that the construction of HPFP
Gradec and HPF Chiebren will finish atter 2020, In that case,
the generation of the new large hydropower plants in 20240
would be 600 GWh (52 kioe). The available polential for
construction of small hydropower plants on possibly 400
locations is assessed8% at 235 MW_ According to the average
generation of available small hydropower plants, the annual
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production of these new 255 MW would be 670 GWh (58
ktoe). The Ministry of Economy has issued three tenders Tor
construction (concession) of a total of 71 small hydropower
plants with a total power of 63 MW,

Their amnual production would be about 175 GWh (15 ktoe).
In spite of some administrative problems as well as problems
related to the unclear hydrology of the locations, the Strategy
slipulates a realistic expectation Lo construct a lolal of 80 MW
of small hydropower planls unti] 2020 with an annuoal
production of 210 GWh (18 kloe). Al the same Lime the
Strategy envisages an optimistic scenario, which involves the
construction of 120 MW of small hvdropower plants with an
annual production of 310 GWh (27 ktoe).

BASIC DATA -
1 Mavrovo 182 MW
2 Globocica 42 MW
3 Tikves 116 MW
4 Spilje B4 MW

Kozjak Mavrove

sl 4 Hvelre resowrces {power plaviyi n R0

MWind energy

In the past period several studies have been made to determine
the wind energy potential in the former Yugoslav Republic of
Macedonia and to select most favorable sites for wind power
plants construction. In accordance with the prepared wind
energy allas a selection has been made of 15 mast favorable
locations for construction of wind power plants. Detailed
measurements have been made in four locations and data are
being processed.

Preparations for measurements on additional five locations are
underway. In addition, a study is being prepared for
absorption capacity of the electricity and power system of the
former Yugoslay Republic of Macedonia for wind power
plants.

Bascd on past investigalions, one may realistically expect the
construction of 90 — 180 MW wind power plants to 2020 with
annual generation of 180 — 360 GWh (15.5-31 ktoe).
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The lower limit is at a level of 3% of the electricity generation
capacities in the former Yugoslav Republic of Macedonia in
2010 and according to past experiences this would not cause
any  problems tor the electricity and power system. The
capacity of systems similar to ours 1s estimated at 10%% The
planned upper limit of 180 MW wind power plants would be
6% of the planmed electricily generation capacily of the former
Fugoslav Republic of Macedonia in 2020,

Fhotovoltaic Solar Enevgy

The former Yugoslav Republic of Macedonia has available a
solid solar potential and has high feed-in tariffs for electricity
cbtained from solar energy. however the former Yugoslav
Bepublic of Macedonia does not have its own production of
this technology and the cost of the teed-in taritls is fully
covercd by the electricily consumers withoul an indirect
benefit to the economy. Therefore, high penetration of
photovoltaic in the former Yugoslav Republic of Macedonia is
not planned in spite the high interest for their construction due
the high tariffs. The Strategy also envisages the construction
of total of 10 - 30 MW photovoltaic to 2020 with an annual
production of 20 — 60 GWh (1.2 - 3.0 Kktoe),

Waxte Diomasy for combined fread aud power grenerafion
Activities are under way in the fommer Yugoslay Republic of
Macedonia to determmine this type of potential, however there
are still no specific results. According to our estimates it is
possible to construct a total of 5 — 10 MW to 2020 with an
annual production of 25 - 50 GWh (2.1 - 4.3 ktoe),

Biogas

The potential for electricity generation from biogas has also
not been sufficiently investigated. The Strategy envisages that
these facilities will have a total power of 7 - 10 MW to 2020
with an annual generation of 20 - 30 GWh (1.7 - 2.6 ktoe),

Biomasx for combustion

Biomass for combustion parlicipates with 11.8% in the final
energy consumption (final energy without losses and own
consumption) in the former Yugoslav Republic of Macedonia
in 2006 and it is a significant fuel for fulfilling the energy
demands. The biomass is especially present in the residential

sector and it {ulfills 30% - 33% of the total energy dernand.
Aboul 430000 households (76%) use biomass for healing,

Cut of the total biomass used for energy purposes, the share of
wood and wooden coal is 8085 The former Yugoslav
Republic of Macedonia uses part of the grape wine branches,
rice shells and branches of fruit trees for energy purposes, but
most of the straw is mainly used tor fertilizers, fodder and for
production of cellulose. Therefore il is unavailable for energy
PUIpOsCs.

The plammed wilization of biomass for cormbustion which will
be used as heat in 2020 is greater, by less than 10#s than the
consumption in 2006 when the registered and unregistered
consumption are taken cumulatively. Table 6.5.1 presents
statistical information92 for 2005 which does not include the
unregistered consumption. In the period until 2020 the
urregistered consumplion is expected o gradually decline and
to become registered. Having this in mind, the total
consumption for the period 2006 - 2020 will increase by only
| % which al the level of the available potential in spite of
the fact that the registered consurmption will increase by more
than 4024

According to the baseline scenario, the consumption of
biomass for combustion m2020, which will be used as heat,
will be 236 ktoe (2740 GWh) which is approximately equal to
the available potential.

The scenario with strengthened energy etficiency measures
envisages a growth of the conswmplion of biomass (o
combustion for this purpose, in the period 2006 — 2020 of
only 5.7% to an amount of 227 ktoe (2640 GWh) in 2020,

1f the waste hiomass for combined heat and power production
15 taken into account, then the consumption of biomass for
combustion in 2020 will be 244 — 249 Ktoe (2840 - 2900
GWh). This represents an increase of the consumption of
biormass for cormbustion in the above period by 12 - 14%4

Selar Frergy ax Heal

In the past period the utilization of solar encrgy as heal was al
a low level in the energy balance of the former Yugoslav
Republic of Macedonia. At the same time, the former
FYugoslav Republic of Macedonia uses very little solar power
both with respect to the countries trom the region as well as
with respect to much more nothem countries. With only
aboul 4000 collection syslems for utlilization of solar power
for heating of waler in 2006, the share of the solar power in
the total final energy consumplion was just 7.4 GWh (0.6
ktoe) or (0.04%

Since 2007, the Government is financially supperting the
introduction of solar collectors however this is not enough for
a more massive introduction of thiz fuel in the former
Yugoslav Republic of Macedonia. ‘The main reason is the low
price of electricity and theretore the funds invested in the
introduction of solar power as heat in the residential sector
have sn investrnent retum period of 10y ears,

To achieve a larger penetration of solar energy for production
of heat in the residential seclor it is necessary Lo increase the
financial support and change the subsidy method from ad hoe
into a continuous support mode. The support by the
Government would reduce as the electricity price increases
until the tune when it reaches market value. One of the
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messures o stirmulaie the introduction of solar colleclors
could be the provision of sofl loans 1o exchange ashestos roofs
and in the same Hme install solar sy stems.

Regarding the greater level of introduction of solar systems in
industry especially m the industries that consume larger
quantities of hot water (dairv, meat and textile) where the
return on the invested tunds is of the order of 2 to 3 vears it is
necessary to stinulate the domestic producers for massive
production of solar syslems and facilitale the export and
administrative procedures. This would improve the guality of
the systerns and would achieve economic benefits.

The strategy envisages utilization of solar power as heat
primarily in the residential sector. Until 2020, 60000 - S0000
installations in the residential sector are planned and the total
utilization of solar power (together with the commercial sector
and industry) would be 50 — 90 GWh (5.2 - 7.7 ktoe) per year.

Biofuels

The participation of bictuels in the total fuel consumption in
traffic in 2008 was a roodest 0.2%.

With the fulfillment of the obligations stipulsied in the
Directive for participation of biofuels at a level of al least 1024
in the total petrol and diesel fuel consumption in traffic in
2020, the share of this type of fuel should be 360 — 635 GWh
{48 - 56 ktoe).

The provision of biomass for production of biofiuels has not
been sufficiently  investigated and special studies and
stirmulating measures are needed to resolve this issue
According Lo the analysis so far, the maxirmum capacitics of
the former Yugeslav Republic of Macedonia for production of
biomass for that use, together with recycling of the used oils
and the utilization of animal origin fat, could yield production
of biotuels in the amount of around 12 ktoe per vear
However, we should not neglect the possibility to exceed this
amount with the developiment of new teclnologies for biofuel
production. In addition to the incentives for production of raw
malerials, it is especially significant to mtroduce incentives for
production and use of biofuels, laving in mind that the
directive allows import of biofuels the stimulations and
obligations to use biofuels should be most important.

Y. CoMPARATION DATAS: EUT REGION VS THE FORMER
YuGostav REFURLIC OF MACEDONTA
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Energy Efficiency and Renewable Energy Sources in the former
‘Yugoslay Republic of Macedonia

The farmer Yugoslay Republic ol Macedonia has a moderate energy
intensity and a high share ol renewable enérgy sources

Energy intensity | Renewable Energy Sources

s 1 1 1

E P2 E B
1133 ¥3D
i)

H

; s g : .
e e 5 Es4t i 1 i g §ri2
p—— H £ %:51 23 Era E it
[N El -:2 g Lo 4 -
a2 = &8
W Th Borroe Vg ey Repuldi of Kagwdunia Wl i
8 A Frofect Rugen S

H Avivage CU-I7

e L

PR L i o b 4 ey Sebm i rers | ] Benp el Brrrmaens | ey = e |70 528

VI. CoNCLUSIONS

The former Yugoslav BRepublic of Macedonia has
considerable potential of renewable energy sources, namely
srall hydro power, geothermnal, solar, biomass and also wind
power. The drafl energy strategy currently under revision
does not foresee any largets for renewable energy sources
other than large hy dropower.

* The elaboration of a Renewable Energy Action Plan

combined with periodic monitoring forms the foundation for

the implementation of policy instruments  promoting

renewable energy growth in the tormer Yugoslav Eepublic of

Macedonia. The Action Plan should cover renewable

heating/conling, electricily  and biofuels and become an

infegral par of the

Mational Energy Strategy.

+ Topics to be covered within the renewable energy action

plan comprise:

« Summary of national renewable energy policy

« Maticnal overall target and sector targets

*+  Plarmed Messures  including  time  schedule  of

implermentation and evaluation of the expected contribution Lo

reach the national target

» Specific measures for the promotion of the use of energy
from biomass
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Supply-side Ancillary Services at a Microgrid-
based Smart Grid Topology

Dimitrios Tsiamitros, Dimilrios Stimoniaris. N. Poulakis, and Evangelos Dialynas, Sesior
Member [EFE

Abstract—T he ancillary services that could be provided by the
supply-side of microgrids are expected to give greal added value
to microgrid-based smart grid topologies. In this paper, one very
simple PV-plant control technique and the associated iterative
control algorithm, operating in a microgrid environment are
presented. This microgrid control scheme can supply different
ancillary services to the grid, such as fast active power
compensation, voltage regulation, back-up supply can be applied
easily to existing facilitics. The control scheme is applied to a
small-scale  microgrid during islanded or interconnected
operation conditions. The experimental results show that supply-
side management can provide various ancillary services to the
grid, if they are supported by comtrol algorithms of microgrid-
hased smart grid topologies,

Index  Terms - Grid Ancillary  Services, Distributed
Generation, Smart Grids, Microgrids, Renewable Energy
Sources

I, INTRODUCTION

ONE of the most important parts of future smart grids
topologies seems to be the micrognd, which is defined as
a distribution grid including distributed generation, such as
PV plants, energy storage umits (battery banks or biomass-
based plants) and controllable loads [1]. The ancillary services
that could be provided by the supply-side or the demand-side
of a microgrid are expected to give great added value to the
future smart grid [2), [3]. Load levelization and demand-side
management in general are extensively used to provide
services like active power compensation, voltage regulation
and even energy saving for islanded microgrids [3]-[6]. On
the other hand, many researchers focus on controlling the
active and reactive power of PV facilities in order to supply
ancillary services to the grid [7]-[14] Most of these efforts
concern changes inside PV-inverters, constituting  them
expensive solutions, especially for existing facilities. The rest
involve adding control circuits between PV-inverters and PV
strings. thus risking the PV-plant reliability, in case of
malfunction. In this paper one very simple PV-plant control
technique and the associated microgrid iterative control

I3, Stimonians, [0 Taamitros®, W, Foulakis are with the RES Laboratory,
Dept. of Electrical Engineering, Technological Educational Institute of West
Macedonia, Kozam, GR 50100, GREECE (* comresponding anthor's e-mail;
disiamitiditeikoz gr).

Praf, E. Dialynas is director of the Elediric Energy Systems Lab, School of
Electrical & Computer Engineering, National Technical University of Athens,
Athens, GR 15780, GREECE (e-mail: dialynasiipower.coe niua.grl.

algorithm are presented. This control scheme 1s compact, very
cheap and easy to install. Its main parts are installed inside the
PV strings circuils, thus avoiding substitution of the inverters
and intersecting between the inverters and the PV strings and
consequently risking the system reliability.

The PV-plant control scheme can supply different ancillary
services to the grid, depending on the control strategy: In
islanded operating condition, the cooperation with metering
infrastructure and an iterative control algorithm can assist to
fast active and reactive power compensation. voltage and
frequency regulation and back-up supply.

The control scheme is applied to a real micrognd, during
islanded operation conditions. Constant local voltage level
supervision, as well as an iterative control algorithm are used
to trigger the PV-plant. Experimental results show that the
above control scheme can  easily provide all the
aforementioned ancillary services to the grid,

II. DESCRIPTION OF THE SMART DISTRIBUTION GRID
TOPOLOGY

In a proposed by the authors microgrid-based smart
distribution grid topology [5], [6], every DC load, generator or
energy storage device 1s equipped with its DC-AC mverter
and connected to the AC microgrid via a smart device called
special control unit (SCU). 5CUs are also necessary for the
AC loads (or group of loads) and AC generators as well, as
shown in Fig. 1 [3], [6]. The special control units {(SCUs) are
categorized in load SCUs (L-SCUs), storage SCUs (S-SCUs),
generators SCUs (G-5CUs) and interconnection SCUs (I-
SCUs), for connecting the small grid of the ac-bus to the
remaining grid (513), All SCUs consist of a simple metering
module, a communication module, an activation module
{actuator) and a “smart” module that is responsible for the
decision making of each SCU. The last module is integrated
into software that runs on a microgrid-dedicated PC. This
topology is implemented at the facilities of the Technological
Educational Institute of West Macedoma {TEIWMAD and 1s
shown in Fig, 2.
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The microgrid consists of two PV-inverters of 1 kW each,
with & connected PV panels each, five loads of approximately
2500 W maximum consumption, a 600 Ah battery bank with
ils inverter and one wind generator of | kWp with its rectifier-
charger. Ten SCUs are needed: Two tor the PY plants, five for
the loads, one for the batlery bank, one for the wind generator
and one for the interconnection to the remaining grid. Each
SCTT contains one currend transformer (CT), one voltage
transtormer (VT one actuator-relay and communicates with
the microgrid-dedicated PC via cables and a Data Acquisition
Card (DAQ: NIe008), However, due to the conunon AC bus,
only one AC VT is needed and one DC VT for the battery
bank. Al the microgrid-dedicated PC, a software application in
Labwview processes the input data, incorporates the control
algorithin written in Matlab and derives the proper oulput
commands every second or less. In Fig, 3 the laboratory set-up
is shown and in Fig, 4 the Labview application.

1. TaE PV-FLANT CONTROL TECHMTOUE AND THE MATLAR
CONTROL ALGORTTHM
The PV-Plant control lechnique consists of proper acluator-
relay combinations that are applied at the PV strings circuits.
The number of selected acluators depends on the required PV
power to be controlled.
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Fig 3 The laboratory installation of the microgrid: (a3 The ten CTs, () the
relayrs, (o) the we v ollage sesors, () the DA curdy,
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Fig 4" Part of the Labwiew application and the MatLsb control alperithm

AL Fig. 5, one example of the applied conlrol on a typical
PY plant is demonstrated. At the specific example, the PV
oufput power can vary thecretically between 70 %6 and 100 %
of the PV-plants capacity, with 3.3 % steps. It is obvious that
the output power step can be different if’ the actuators are
installed at one or three panels. The intermuption of the string
circuits during the change of the relays state does not affect
the continuous PV power supply due to the de-side capacilors
of the PV inverters.

AL this lechnique, ome drawback is spotted: Tn practical
applications, where MPPT option is in operation, the output
power slep (3.3 % al Fig. 5) cannol be predicled exactly.
However, this drawback can be overcome by the iterative
nature of the control algorithm. The relays can be triggered
following varicus patterns, depending on the desired ancillary
service to be supplied. In this paper, the PV relays are
managed by the Labview application that collects energy
measurements from the microgrid and determines the desired
PV plant power production. The software application that is
developed at TEIWM is executed every second or less and
uses feedback variables from ils previous execulion.
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IV, ExXPERIMENTAL RESULTS

The PV control technique is applied on both PV strings of
Fig. 2. Since the lower voltage operation limit of the PV
mw:r‘l:.rs 15 150 V, one (1) actuator is installed at equal
number of the six panels of each stning. Each relay of the PV-
strings is triggered by the respective digital output of the DAGQ
cards.

The real-time voltage and frequency surveillance and
correction step of the control algorithm (sub-Section [T1LA)
had an excellent response during island operation conditions:
The maximum discharge current was deliberately set to 70 Al
Load MNo5 a | KW electrnic motor was switched on at
t;=15h:4%min:07sec. leading the batteries to discharge in a
current bigger that 70 Amps. Fig. 6 shows the batteries
discharge current over time (mean values over | second
periods). Fig. 7 presents the power production of the two PV
plants and the power consumption of the five loads. Three
seconds after ty (L=15h:49min: 10 sec), the motor's power
consumption reaches the nominal value of 1000 W. Fig. 8
shows the PV-relays and the less critical loads-relays state
over time, The PV-relayl is activated immediately during the
motor start-up (15h:4%min:08 sec), since the battery discharge
current reaches 72 Amps. Due to the PV inverter's MPFT, the
PV1-plant power production is not increasing rapidly. At tp,
after the motor’s start-up, the battery discharge current is still
bevond 70 Amps (83.63 Amps), leading to the activation of
PV.relay 2, as shown in Fig 8 The increased PV plants
power production is not enough to drop the battery discharge
current below 70 A, leading to the rejection of the motor at
ty=15h4%min: 11 sec. At t,=15h:49min:13 sec. the power
production of the PV plants starts to reduce due to weather
conditions, leading to battery discharge current beyond 70
Amps at 15h:49min:14 sec. Immediately, the loadd relay is
deactivated, leading to the rejection of the fourth load. At Fig.
9, the load profile is also presented.
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The load shedding policy (sub-Section IIIB) was
implemented successfully and resulted in increased reliability
operation. Fig. 10 shows the load power consumption profile,
with and without the PV-plants ancillary service application,
At the same figure, the PV-plants power production is
depicted. The microgrid was operating in island mode until
11.30. At that time exactly, the connection to the grid was
planned to be established again. However, at 11.28 am, the
batteries” State of Charge (SoC) changed state, due to the
previous long batteries discharging period. It 15 obvious that
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with the PV ancillary service application. the change of the
SoC state led to the PV1-plant relay activation. Thus, the
PV1-plant mereased power production from 619 to 719 W,
and any load rejection was avoided. On the other hand,
without the PV-plants ancillary services application, the
change of the SoC state led to the rejection of the less eritical
load of the system. At 11.30 am, the sudden decrease of the
power production by the PV-plants 15 due to the voltage
disturbance that occurred during the connection of the
microgrid to the remaining grid, as it is shown at Fig. 11
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Fig. 10: Load power consumption profile and PV-plants power production,
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V. CONCLUSIONS

The ancillary services that could be provided by the supply-
side or the demand-side of microgrids are expected to give
great added value to micrognd-based smart grid topologies. In
this paper, one very simple PV-plant control technique and the
associated control  algonithm, operating in a  microgrid
environment, are presented. This control scheme s compact,
very cheap and easy to install. Its mamn parts are installed
inside the PV strings circuits, thus avoiding substitution of the
inverters and intersecting between the inverters and the PV
strings and consequently risking the system reliability. The
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iterative nature of the control algorithm permits correction
actions until the desired operation condition is met.

The PV-plant control scheme can supply different ancillary
services 1o the grid, depending on the triggering mechanism
and the control strategy: In islanded operating condition, the
cooperation  with  metering  infrastructure  and  control
algorithms can assist to fast active power compensation,
voltage regulation and back-up supply.

The new PV-plant control technique together with the
accompanied control algorithm are applied to a microgrid and
the experimental results indicated that they can supply voltage
control and assist in less load rejection during island operating
conditions, thus improving significantly the reliability indices
of the electric gnd,
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Abstract - As a country which aspires to KU, the former
Yugoslav Republic of Macedomia is orving to keep up with
cirrent regulations as part of remewable energies, and the
limitations of the components of exhaust emissions. Regarding
biofuels the country has taken some steps to produce
Eodhiesel, which s far from enough, primartly because of raw

material imports. Here we consider the possibility af

producing biodiesel from industrial culture that is conducive
fo growing in owr region It is made comparative analvsis
bhetween tobacco and oilseed rape beaving n ferms of their
suitability ax raw material for biodiesel production. Adopted
conclusions are based on the made analysis .

Index terms — hindiesel, hiofuels, renewable energy, fobacen

ollseadrape

[ INTRODUCTION

I he national strategies for the development of energy and

environmental investments, emphasized that country has the
potential for green energy which is not used enough and in the
same bime, there are ohligatory conditions that at least 20
percent of the total energy to be produced from renswable
sources, unlill 2020,

In this segment of the thesis is given analytical research on
the suitability for growing raw material for biodiesel
production, Arguments are offered subject 10 a SWOT
analysis. where we come to the conclusion which one of the
offered two cultures is more appropriate for this region as

feedstock for brodiesel.

. METHODOLOGY

The study methodology is made by comparative analysis or
comparison of the characteristics of both cultures (tobacco and
oilseed rape), the amount of oil that can be obtained, yield per
hectare, the impacts on soil, ete.

Conclusions are made on the basis of the preliminary
SWOT (Strength-weaknesses-opportunities-threats) analysis

III. ToBACCO USE ASFEEDSTOCK FOR BICDIESEL

Tobaceo is traditionally a strategic product for this region
because of its social aspects {it is the main cash crop and hire
a significant workforce in rural areas) and the relevant factor
of export trade EU guidelines for finding environmental
green energy as a renewable source, is an extension of the
campaign againsl smoking, wilch leads 1o conversion of
tobaceo to a raw material for biofuels.

Production and marketing of tobacco and tobaceo products
accounted for 3.2% of gross domestic product. The tobacco
industry accounts for 3.9% of total industrial production and
4.1% of wtal employment m the industry. Tobacco accounts
for 69% of the total area under industrial crops.

Fig. 1 Plantations of tobacco

The standard varieties of tobacco seeds which are raise in
Pelagony region, reaches vield 300kg to 1.500kg per hectare.
Tobacco seeds contain 39.0% to 41.2% wl, which can be
extracted to about 3208 technical oil suitable for hiofuels.
The rest of the extraction, about 70.0% is such call as
“kjuspe” that substantially contains  32.0% to 44.0%% protem,
8.0% to 15.0%0 oil, moisture  6.0% to 10.0%, fibers up to
2500,
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Tobacco is a valuable raw material for oil, which is the
hasis for biodizel production. The experiments carried out at
the Institute for Tobacco Prilep obtamed are vaneties of seeds,
whose yield of one plant reached up to 242 grams per one
blade. Their experts are working on the prototypes of tobacco
. with high level of extracted oil, later used for biodiesel
production. Tobacco gives 50 to 240 grams of seed stalk.

According to the findings of previous research in this
region, 1s a possible seed vield of 3.0 to 4.0 ¢/ ha, which means
from 900 to 1,200 kg/ ha of technical oil for producing
biofuel.

Experiments are done in an institute in Italy, derived
varieties of tobacco whose provide up to 6.0 tonnes of seed
per hectare, and it means that tobaceo s among of oilseed
crops with the highest vield of oil, far beyvond rape, sunflower,

According to these characteristics and analyzes made in
The Tobacco Institute Prilep, it is obvious that “kjuspe™ will
represent excellent basis for food production for small and big
goods, chicken, fish, You can also use other parts of the plant,
The waste is used for animal feed, and the leaves of chemicals
for pharmaceuticals, vitamins and antioxidants.

o The free 1s a good raw matenial for the production of
paper and organic waste. [t contains long and thin
fibers, which makes it excellent basis for getting on
quality paper.

* The leaf” of tobacco we can consider as a treasure of a
series of alkaloids and chemieals that can be the basis
for applications in the pharmaceutical and chemical
incustry

* The biomass that can be obtained from the unit area
can be considered as an impaortant component in the
production of biogas and organic fertilizer,

SWOT Analysis - Tobacco

Strengiths

o Good environmental production conditions
Long tradition of tobaceo production
s The il of tobacco does not use as a food
* Achieved high quahty
« High yield of planted areas
* The tree is a good raw material for the production of
paper and organic waste
* The tobacco leaves contain good usefull in the
pharmaceutical and chemical industry.
+ Obtamning high-protein feed
Existence of natural growth potential of this erop -
climate (especially Pelagonian region)
o Highly qualified staff, who will work on further
development of this culture

Weaknesses
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¢ Lack of legislation for modified varieties

¢ Yields of seed per hectare 15 not very high

# Yields of oil seeds in the existing varieties of tobacco
are not so high

* It is necessary appropriate machinery for efficient
collection of cups with seeds

e Tobacco goods saps nutrients from the soil. so 1t must
be plant over one year on the same soil

Cpportunities

¢ Introduce greater incentives to increase production

¢ Biomass which can be obtained from the unit area can
be considered as an important component in the
production of biogas and organic fertilizer

¢ Opportunities for development of small private
businesses, especially in Pelagonian  region
{especially the Prilep region)

¢ The possibility of involvement of a large number of
unemploved Families, thereby reducing
unemployment

e Introduction of modified varieties with higher yields

¢ Existence of human research potential of modified
varieties with higher vield of seed

Threals

* Reduce the quantity of exports of tobacco as raw
material for cigarettes

» [f you use modified varieties with greater quantities of
seed, the quality of the leaves may fall.

IV, THE CILSEED RAPE AS A FEEDRSTOCK FOR BIODIESEL

PRODUCTION

Onlseed rape is tradinonally grown for ammal feed and
it 1s a relatively new crop for the production of edible ml,
Oilseed rape 1s mainly used for edible oil production and
oilcakes for feeding livestock. but also it is the leading
oilseed crop for the production of biodiesel. The mncrease
in production of sunflower and oilseed rape 1s not just a
matter of preference of manufacturers. but also national
interest,

The production of major oilseed crops (sunflower,
ollseed rape and soybean) have significantly developed,
Financial support should be provided for manufacturers
to stimulate the cultivation of these crops, increase the
use of certified seed and develop new varieties,

From one ton of oilseed rape seed are received about
350 kg of il  and about 630 kg cake. Through the prism
of unit area, it means — one ton o1l per hectare and two
tonnes cake per hectare. These economic indicators are
from the practice of Bavaria, as a positive example for
the use of renewable energy. The realized average vield
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of lwo lons per heclare, with an oil contenl of 36 percent
from one hectare of oilsced rape it real can gel 712 kg of
oil and approximately the same srnounl of biodiesel. The
average sunflower yield of 1.3 tons per hectare with oil
content of 40 percent, can give 520 kg of oil le, 520 kg
of biodiesel.

In this region there are currently over 100,000 hectares
of abandoned arable land, which provide great
opporiunities for greater representation of oilseed plants.
For fve yews, with an snooal  increase  of  the
mmarmifacluring areas of 4,000 hectares, the tolal arable
land in oilseed crops can reach 20,000 hectares. There is
little more if vou had average yields of two tons per
hectare.

According to estinates by The World Organization for
Food and Agriculture - FAQ, since now, for production
of raw materials for fuel, there is being used only one
percent of arable agricultural land globally. However,
logs rapid rise in coverage of surfaces, for the production
of fuel from oil crops as it is a cost-profit business with
the fastest growing. So, 2020 is forecasted that
agricultural areas for the production of raw materials for
biofiels will increase about 3% But in 2050 the arable
land for biotuel crops will take 20 %% of agricultural land
globally, becanse the biofuel is the most reliable market
for agricultural products in the world. T provides
opportunities for achieving major savings, especially in
poor couniries with continued higher oil prices in recent
years.

R _ﬁ

Fig.2 Plantings of oilseed rape

Increasing of the area under oilseed rape, despile
producing cooking oil, fodder and crop rotation, is also »
condition required by The Luropean Union to reach the
target 20020020, However, recent analyzes of the
Mimsters of Agriculture of The Furopean Union show
that, to prevent the rise in prices of essential items and
tood shortages, will have to make a balance between the
arcas planted with raw materials for biodiesel and arcas
wilh basic crops (or food This request is justified by data
frome the World Food Programme, inder which the 2030
global food consumption will increase by &0 %4

SWOT analysis - oflsesd rape

Srengths

¢ Good environmental production conditions

e [lligh-yvield seed

e A high percentage of oil extracted firom the seeds

o Cietling the anirnal Teed

Weaknesses

e A relalively young cullure in our region

¢ This culture is food for people

o Areas planted with this crop i our country are very
srmall

# Currently, this raw material is of import erigin

CppariHifies

e Plantations of this crop perform decontamination of
polluted environment with heavy metals

o Ultilization of biomass residues 2z 2 fuel

* [Introduce incentives to increase production

Tiweats

¢ ‘The utilization of this crop as a feedstock for
bindiesel, reduces the quantity of food produced

V. RESULTS
4000
annm
2000
1000
I
tobbaco- tobbaco- oil rapessed
standard aupenmental
vanelies vanelies

Fig.3 Yield per hectare of individual industrial
crops (kg)
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According to the previons SWOT analizes, we come
to the conclusion that our remon especially Pelagoman
region, where there is a wadinon of producing tobacco.
then human resources awvalable to the country, the
amount of planted crop. the possibility of developing
snall businesses, reducing unemnplovinent, larpe vields
that thos culture wves per hectare ecological Lammng,
special and very important — = the ol obtained from the
seeds of tobacce. not used az food ~. as sutable
fecdstock for biodiescd production is tobacco. All
previously will be financally viable and justfied only in
circunstunces where we have modified vanebes wath
higher yields ot seed, appropnate machinery for treating
tobacco cips and presses the seed

The country has to play particulady important role for
adopting appropriate legislation, greater incentives for
tobaccee (Tor seed vanetes with lnpher vields), approving
producthon of modilied vaneties, funding research i oy
area This will reduce the import component of biodiesel
production in the country and in the same time will offer

the possibility for export oil from tobacco as raw material
for biodiesal.

In any case we should make a proper balawe belween
moditied vanetes and existng vanehes that give tugh
vields with high gquality leaves, which 13 export-oriented

componant

VI COMCLUSIONS

Oilseed rape at this point iz lase swrable feedstock for
odiesel production, i comparison  of (obacco for our
conmtry Tt grves a lugh percentage of hiodiesel technical
oil, bt 1t 12 still necezsary food, 20 in some frhire
conditions where will not be affected quantites of food
production, oilseed rape will be suitable raw material for
biodivsel production

VIT  ACEHOWT ERGEMERTS

(hr coamtry in antcipation of meshng the program
targets for renewable energies 20/20/20, where one of the
targets 15 20% share of renewable energies in the total
energy, with 10% chare of renewable energies in traffic
seclor, should senously start the approprniate alternative
lor the production of bofuel, as 1t can reduce unport
components, nmich more we have chimate and tradition
for this production.
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Abstract—In this paper a measurement campaign regarding the
harmonic behavior of Low Voltage (LY) residential installation
is presented. The measurements have been implemented under
different sampling frequencies, 0.0167 Hz and 0.1 Hz, in the
main feeding panel of LV residences, and the residents have
been asked to keep a detailed record about their consuming
behavior. The aim of this analysis is to investigate the harmonic
behavior of LY appliances under aggregated measurements in
order to define the most harmonic polluting L'V loads. The latter
could in turn contribute in identifying those appliances that
embed particular features, in this case the harmonic behavior, in
order to quantify those features under suitable formulations for
the development of distinct load signatures. The results indicate
that for specific appliances, their load signatures could depend
on their harmonic behavior and thus, enhance the efficiency of
Mon-Intrusive Load Monitoring (NILM) techniques.

Index Terms—Harmonic measurements, load signatures, NILM,
residential loads.

I. [NTRODUCTION

Energy efficiency has attracted a lot of attention during the
last decade mostly due to the acceptance that the constant
growth of energy demand could not only be met under
corresponding increase of energy production, even if this 15
performed by increasing the production capacity with
Renewable Energy Resources (RESs). In 2007, the Expent
Group on Energy Efficiency of the United Nations Foundation
justified the importance of energy efficiency under the
statement “World govemments should exploit energy
efficiency as their energy resource of first choice because it 15
the least expensive and most readily scalable option to support
sustainable economic growth, enhance national security, and
reduce further damage to the climate system™ [1].

Researchers and engineers are nowadays motivated to
develop innovative approaches in order to improve energy
end-use and supply efficiencies. Governments provide
mcentives towards the improvement of both the public and
private buildings’ energy efficiency, while researchers
investigate the effect of demand site management [2]-|3] and

load shifting [4]-[6] on peak shaving and energy demand
reduction. The idea of monitoring and controlling the
consumption in real time is expected to be initiated via the
widespread installation of smart metering devices [ 7] while,
the online management of residential consuming behaviors
will be determined by the capability for load identification in
real time. The latter 15 expected to be implemented by NILM
methodologies [8] and this is why a lot of research is being
performed towards the development of unique load signatures.

NILM methodologies utilize fundamental (ie. nominal
values) features [9] along with special characteristics of LV
apphances [10}-[11] (e.g. harmonic and transient behavior) in
order to provide robust formations (1.e. load signature) that
would describe the activation/operation of an apphance
efficiently for load recognition under actual operating
conditions.

In this paper, measurements regarding the harmonic
content of LV residences under two sampling frequencies are
presented. These aforementioned sampling frequencies, Le. |
sample/min for the 1™ and 1/sample/10 sec for the 2", have
been chosen since they are expected to meet the specifications
of most of the available commercial smart meters [12]. The
process of the measured data was based on detailed
mformation  regarding  the consuming  behavior of the
residents. The harmonic content is expressed in this analysis
only by odd current harmomnics within the spectrum 0-550 Hz
{i.e. up to the 11"™ harmonic). The paper investigates whether
under aggregated measurements the harmonic content could
be analyzed to its components. Thus, the harmonic
contribution of some appliances to the total harmonic content
could constitute a special feature of these appliances towards
the development of their load signatures.

This paper is organized as follows: in section I the
measurement device along with some mformation about the
measured residences are presented. In section III the
measured data about the harmonic content and its
decomposition to each component are discussed. Finally,
section 1V is devoted to conclusions.
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II. HarMOMIC MEASUREMENTS

A, Measurement Device

All measurements have been implemented with the “HT
Italia GSC37 Electrical Tester and Analysis of Single and
Three Phase Sysiems” measurement device. As logger meter,
GSC57 can recording all values of electrical parameters
{Voltages, Currents, Powers, Power Factory, Energies, etc.),
performing harmonic analysis of Voltages and Currents (up to
49-th order) and consents a supply voltages guality analysis
(sags, spikes, breaks) according to ENS0160 standards
reference. With optional probes GSC57 can also performing
measures and recordings of environmental parameters as
Temperature, Humidity, INumination (Lux) and Leakage
currents very important for troubleshooting problem of RCDs
wrong tripping Each measure can be stored inside
instrument memory, recalled on instrument display and
transterred to PC using the management standard software in
way to create a professional relation which will improve the
quality of work.

B.  Measurement Parameters

All measured residences refer to single phase installations,
and each residence was measured twice for approximately
24h under two different sampling frequencies. The 1%
measurement set was implemented under a sampling
frequency of 0.0167 Hz (1 sample/min) while the 2" under a
sampling frequency of 0.1 Hz (1sample/10 sec). The former
sampling frequency is expected to meet the specifications of
commercially smart meters while the latter was chosen in
order to examine whether the increased density of extracted
information from the measurements about the harmonic order,
could provide more robust load signatures. For each
nstallation the odd harmonics up to the 11" were only
measured since the odd harmonics are negligible [13]. The
information about the activation/deactivation of each
appliance could contribute in assigning harmonic variations to
the corresponding appliances that have produced them. By
that sense, 1t could be feasible to formulate harmonic
fingerprints that would in turn constitute a part of the load’s
signature for efficient identification. In Table I the list of the
utilized appliances for the two residences that are analvzed in
this work are presented.

TapLE [
UTILIZED APPLIANCES DURING MEASUREMENTS
Residence
1 2
TV ™
Oven Owen
Laptop Washing machine
Washing machine Diesctop
Hair dryer Laptop
Electric iron Electric water-heater
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111, MEASUREMENT RESULTS

A Residence |

In Fig. 1 the measured 3 harmonic for the residence #1 is
presented for a time period of 265 howrs (starting
measurements at 15:05 and ending at 17:38 the next day).

laplop appliance

Figure 1. 3" harmonic for residence #1 with a sampling frequency at
00167 Hz.

Based on the activation/deactivation record of the
residences, for the first two time periods of Fig. 1 that the 3™
harmonic was present, the combinations of appliances that
were operating are as presented in Fig, 2.

Time period between 15:05 < 23:10

B TV: 15:05 - 11:06

B Laptep: 15:55 - 1648 and 19:45 - 2410
0 Owen: 71:00 -21:09

B Hair dryer: 25:00 - 33:10

Figure 2. Operating appliances during the presence of the 3™ hanmenic

In Fig.2 the dotted frames refer to the time periods during
which the 3™ harmonic was present. It is easily observed that
for these aforementioned time periods the operating
appliances were the laptop and the TV, Therefore, so far the
measurements indicate that both appliances could be
considered to produce the measured magnitudes for the 3"
harmonic. On the other hand, in Fig. 2 it is clear that the 3"
harmonic is present only after the activation of the laptop
appliance since during the operation of the TV only, no values
regarding the 3™ harmonic were recorded. Finally, during both
the operation of the oven and the hair dryer no harmonics
were measured, [t has 1o be mentioned that for this residence
and under the specific sampling frequency higher harmonic
orders were not measured.

In Fig. 3 the 2™ measurement set (different day) for
residence #1 regarding the 3" harmonic under the sampling
frequency of 0.1 Hz is presented.
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025 1 Iaptop wpplisnce

Figure 3. ¥ harmonic for residence #1 with a sumpling frequency at 0.1 H,

Based on the residences’ record about  the
activation/deactivation of the utilized loads, Fig. 4 illustrates
the combination of appliances operating during the
measurement set. The dotted frames in Fig. 4 denote time
periods with recorded values for the 3" harmonic. It has to be
clarified that no higher harmonics were recorded for the 2™
measurement set with lower sampling frequency,

Time period between 17:44 — 14: 5] =———

SRR oo

[ o raama i

TVe 1724 - 23:30 and 10:38 - 14:51
Laptop: 19:44 - 01226 and 10:38 - 12:445
Owven: 153:55 - 14:258

B Electric iron: 14:45 — 14:51

Os =

Figure 4, Operating appliances duning the measurement with sampling
frequency at 0.1 Hz.

By Figd it is concluded that the laptop apphance was the
source of the 3™ harmonic since the recording of 3 harmonic
values coincides with the activation of the laptop. Moreover, it
is observed that when the TV was operating alone no
harmonics were measured. Therefore, the harmonic fingerprint
of the laptop appliance could be utilized as a special feature
towards the development of a robust and distinet load
signature,

B.  Residence 2

In Fig. 5 the 3" harmonic for the 1" measurement set
under a sampling frequency of 0.0167 Hz is presented, The
conclusion about the origin of these recorded values is
deduced by the combination of operating appliances during
the measurements presented in Fig. 6. The PC and electric
water-heater  appliances  were  activating  almost
simultaneously but the 3 harmonic was still present even
after the deactivation of the oven.

3rd harmenic

PC applisnece

Figure 5. 3™ harmonic for residence #2 with a sampling frequency at
00167 Hz.

e Time period between 11:16 — 23:40 (next day) s—

B PC:li:18-01:23

B Electric water- heater: 11:19 - 1310
Figure 6. Operating applisnces during the measurement with sampling
frequency at 0.0167 Hz.

In Fig. 7, the combination of appliances operating during
the 2™ measurement set (sampling frequency at 0.1 Hz) is
presented. The dotted frames in Fig. 7 denote time periods
with recorded values for the 3™ harmonic. The basic problem
for this measurement set refers to the determination regarding
the arigin of the recorded 3* harmonic values. Based on the
1" measurement set, it could be concluded that the 3%
harmonic values for Fig. 7 were produced by the PC
appliance again. The problem relies on the difficulty in
determining whether the washing machine apphance
participates in the production of the harmonic values. The
measurements showed that only the TV produced 3"
harmonic values at the magnitude of 0.2-0.4 A, while the
simultaneous operation of the TV and the washing machine
produced 3" harmonic values at the magnitude of 0.2-0.5 A,
Sull, it is not clear the contribution of each appliance to the
harmonic content (regarding the 3" harmonic) formulation.

—— Time period between 11:44 — 11:47 (next day)

e —— S EEEEEEAsssmsmsEsEssEaRssSEEEE. [

B PC: 1657 = 1100 fnese day)

B Washing machine 17:00 - 13:21 and 13:52 - 20:0% and 12:44 - 00:07

0 Owen: 17:36 - 18:03

Figure 7, Operating applisnces during the measurement with sampling
frequency at 0.1 Hz.

Omn the other hand, the results of the measurements
showed that for this residence, higher harmonics were also
recorded. In Fig. 8 the magnitude of the higher harmonics is
presented.
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In Fig. 8 it is shown thal higher hamnonics were recorded
during the simultaneous operation of the PC and the washing
machine. Based on the observation that during the stand alone
operation of the PC no higher harmonics have been recorded
for both measurement sets, it is rational to conclude that these
higher harmonics were produced by the washing machine.
Although it is not clear which of the various operational
modes of the washing machine actvally caused these
aforementioned harmonics, their presence could potentially
confribute in developing appropriate harmonic fingerprints
for efficient load signatures,

IV,  CocHLusions

In this paper the early resulls regarding LV residence
power quality measurements are presented, The inplemented
measurements are focused on recording odd current harmonics
with sampling frequencies that meet the specifications of
commercially available smart meters. ‘The aim is to investigate
whether suitable harmmonic fingerprings could be  formed
towards the development of distinet load signatures in order to
improve the efficiency of NILM methodologies.

Two residences have been measured for two time periods
of approximately 24 hours each, under different sarmpling
frequencies. The residences were asked to keep a detailed
recond aboul the activation/deactivation of each appliance.
Based on the latter, the odd hammonic magnitudes were
processed in order to investizate whether specific harmonic
fingerprints could be assigned Lo respective appliances. The
results proved that for some appliances, their hanmonic
content could be utilized for the enhancement of their
signatures” robusiness.

The resulls presented in this work, show thal nenlinear LY

loads could be mapped based on their harmonic content. The
latler could be in bm wtihized in order 1o enhance load
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signatures with unigue load characteristics and  develop
distinct  load  signatures.  More measurements  with
combinations and stand-alone operations of wvarious LV
appliances are expected Lo validale these early resulis,
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Abstraci—An operational monitoring, as well as high res-
olution local-scale meteorological and air quality forecasting
information system for Western Macedonia, Hellas, has been
developed and is operated by the Laboratory of Atmospheric
Pollution and Environmental Physics / TEI Western Macedonia
since 2002, continuously improved. In this paper the novelty of
information svstem is presented, in a dynamic, easily accessible
and user-friendly manner. [t consists of a structured system
that users have access (o and they can manipulate thoroughly,
as well as of a system for accessing and managing results of
measurements in a direct and dynamic way. [t provides updates
about the weather and pollution forecast for the next few days
(based on current day information) in Western Macedonia. These
forecasts are displaved through dynamic-interactive web charts
and the visual illustration of the atmospheric pollution of the
region in a map using images and animation images.

I. INTRODUCTION

Web applications constitute valuable up-to-date tools in a
number of different cases. One such case is their use in
the management of environmental problems so as o protect
civilians from any unfortunate consequences that these prob-
lems can cause. Their evolution, therefore, has been especially
important in many cases, one of them being in the development
of systems of administration of the air quality [1].The right
of accessing environmental information has been enacted in
European level through appropriate legislation, which are
incorporated in the relevant Greek legislation see [2]- [6].

Nowadays, the combination of telecommunications and new
technologies create a framework for developing such systems
increasingly sophisticated [7]- [10] . That is just diffusion of
environmental information and public access which was at-
tempted effectively through the system codenamed EAP (Lab-
oratory of Atmospheric Pollution and Environmental Physics)
in Western Macedonia. It is developed for the first time in
2002 [11], providing the possibility for direct information to
the public about the air quality, as it was recorded in the four
atmospheric measurement stations established in the capitals
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of Countries Kozani, Florina, Kastoria and Grevena though
an appropriate web-site, as well as SM5, with the possibility
for extension of stations and also the historical measurements
privilege [12]. For every station a previous and current index
of pollution appears (in a scale 1-10) with an appropriate
colour scale [13]. The system was expanded and upgraded
in May 2010, which consists in transferring data, the way of
presentation as well as the amount of information provided.
Specifically it is recommended: a) the combine vse of different
methods of transportation in real or almost real time data of
terminal stations measurements to a central base station by) the
environmental information is promoted to the internet, with a
properly designed dynamic website with enabled navigating
of Google map [14], [15], [16].

In this paper the novelty of information system EAP is
presented, in a dynamic, easily accessible and user-friendly
manner. It consists of a structured system that users have
access to and they can manipulate thoroughly, as well as of a
system for accessing and managing results of measurements
in a direet and dynamic way. It provides updates about the
weather and pollution forecast for the next few days (based
on current day information) in Western Macedonia. These
forecasts are displayed through dynamic-interactive web charts
and the wvisual illustration of the atmospheric pollution of
the region in a map using images and animation images.
Moreover, there is the option to view historical elements. An
additional new function s the use of online reports 1o monitor,
analyze, control and processing measurements, historical data
and statistics of each station in real time over the Internet. This
function focuses on designing an effective and user-friendly
process. Finally, the management system of measurement
stations, the administrator has the ability to dynamically create,
modify and delete objects, points and information of each
station on the GoogleMap. In this way the processing (update,
delete, add) of points is easier.

The AQM.ELS. application has been developed using
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open source software tools like HTML, Javascript, PHP and
MySOQL, HTML iz the language for the Internet Interface
design. The goal for HTML was to create a platform-
independent language for constructing hypertext dociuments (o
communicate multimedia information casily over the Internet
[17]. Tavascript is a client-side scripting language that provides
powerful extensions 1o the HTML wsed o compose web
pages and i3 mainly vfilised for checking and validating
web form input values to make sure that no nvalid data
are submitted 1o the server [21]. PHP is the most popular
server-side programming language for use on Web servers.
Any PHP code in a requested file iz executed by the PHP
runtime, vsually to create dynamic web page content, It can
also be vsed for command -line scripting and client side GLI
applications, PHP iz a croszs platform programming language
and can be vsed with many relational database management
systems (RDEMS 18], MySqgl is a high performance, multi
thread, multi-user RDEMS and iz built around a client-
server architecture, Also MySQL uvses the Structured Query
Language standard giving a greal deal ol control over this
rclational database system [19). Finally, Apache server is
responsible for expecting requests from various programs -
users and then serve lhe pages, according o the standards sel
by the protocol HTTP (Hyperlext Transfer Protocol) [20].

II. TISER INTERFACE

In this section the user interface and fonctions of thiz appli-
cation are described. There are three (3) levels of user access
{groups of users) On the first level the user has the ability
o be informed inoreal time aboul the weather comdilions, the
air pollution and air pollution indices in an area of inferest
uzing Google Map The second level is for anthorized neers
only, who can be miormed analylically through reports about
measurements of a specific time period. The third level is for
the administrator, who has access to all mformation and who
also nserls, wpdates or deletes data from the database. The
administrator can also interfere dynamically and manage all
the information of the GooglaMap.

A, Online Web Srarion Keporrs

The 'Online Web Station Reporis® iz a new online web
featurs which offers to the approved members of the applica-
tion to monitor, analyze, check and process the measurements
uszing statistics of each station in real fime. Furthermore,
the ability of pumping previons measurements is given; a
function that did nol exist in the web application until a short
tune ago. The login iz achieved through the vse of a special
personal password that is given to the members by the support
group of the web application. The users input the password
and alter validation, they can perform a nomber of available
functions in a safe and vser-friendly online web environment.
More specifically the feature offers the following functions
to its members: Presentation of daily, weckly, monthly and
according to the uvser's choice wvalves either for a chosen
station of all its measured data or for specifically chosen
measyred parameters (sensors), with simultancous calculation
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and presentation of maximum, minimum, average valoes, som,
number and percentage of measurements in a table or the
ability of ontput of data in MS Excel. The functions of the new
web [eatures are described in detail . There are four catezories
of Online Web station reports, Le. daily, weekly, monthly and
custom, Each report is displayed in three parts (forms), In the
first form, by choosing a station the image is displayed as well
as various information about the specific station (Fig. 1)

Tf the nser does not choose a station, an error report appears,
By clicking on "Next’, the second form of the report appears in
which the user can ¢choose which measure fizlds to be shown.as
well as the measure time interval (Smin or 60min) and the
specific date that those measurements were taken (Fig, 2.

The dates differentiate according to the report category that
the nser will choose; more specifically, there are: a) Daily
reporl: the current dale appears, by Weekly: the first day of
the current week is set as the starting date. ¢) Monthly: the
first day of the current month 15 set as the stating date. d)
Periodical: the current dales are set as the dates (From - To)
with the ability of changing the spaces (From - To) by the
user

IF the vser does nol choose any measure ficlds or chooses
date in which there are no figures reported, then the system
will display an error message. By clicking on "Report’ the
algorithm moves to the last tab of the reporl where a table of
contents appears in a dynamic way with information about the
howr, the measure felds, measurement results as well as other
slalistical data (Fig, 3)

Also, the algorithm calculates and displays the number
of measurements {e.g T100 measurements wers found' ), the
current page and the fofal number of pages (e.g. "page 1 rom
12"}, Depending on the number of records, an equal number of
pages is created. The application can display 25 measurements
per page. Also the users can move (o any page they wish so
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as to have access to any measurement of inferest. Every form
of measurement also has a status fizsld (numbers 0, 1 or 2.
This table is used to check the validity of the measurements
of a field. In this way, if there are no results for a specific
date in one field, then the indication "NO DATA' is displaved.
All checks are made based on the status field. If, however the
measurements in a field are wrong for a specific date due to
various factors, then the indication "Offscan’ 1 displayed. In
a similar manner, checks rely on the status field. For every
measure field in a specific moment the following statistics are
taken into account a) average, b) minimum value, ¢ date and

time that minimum value was found, d) the number of records
of the minimum value, ¢) maximum value ,g) the date and
time of record of the maximum value, h) the total number of
measurements, i) the % percentage. By pressing 'Excel’ the
measurements of the station can be displaved on Excel form,
which the user is able to open or save it for later use (Fig. 4).
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B. Manage Siations using GoogleMaps

Another innovation of the web application is the dynamic
management of the measurements from each station in a
simple way using an online geographical web interface. The
administrator using this specific feature (Management of the
Measurement Stations using GoogleMaps) can insert, delete
and modify casily and simply data having as a purpose the
dynamic renewal on the GoogleMap. This gives the advantage
to the administrator to use the specific feature as a platform
of visualization of information without having 1o write on
their own not even a line of code for this purpose. Moreover,
an important element of the feature is the easy expansion
and mtegration N (N = count) measurement stations on the
interactive GoogleMap.

Station management is made through the inferactive inter-
face of GoogleMap: the administrator of this application can
insert, delete and modify dynamically a certain point {station)
in an area {according to geographical latitude and longitude).
To insert a certain station in the map, the following actions are
required: a) the insertion of Municipality of choice: the user
chooses through a list the one which the station belongs to; b)
the insertion of the type of station of measurement: the user
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chooses i the station 15 meteorological or one thal measures
pollution or both. All the data is stored in the application
MySQIL database. As a last step, the administrator sets the
name ol the station, the longiiude and laptude, mumcipality,
address, description, type of station and the image of the sta-
tiem, (Fig. 5). Nexi, all information are stored inio the database
and are retrieved from there o be displayed dynamically (both
the points and information) on the GoogleMap.

On the map users can sece meteorological information as
well as information about pollution from various stations
and areas. For every station a previous and current index
of pollution appears (m a scale 1-10) with an appropriate
corresponding colour scale. By clicking on cach point ol the
station the information (i.e. Online measurements, air pollution
indices For the previons and current day, general imlormation
about the station) is displayed. The user may also activale or
deactivale one or more points on the map [ 14],

To achieve the dynamic update of the measurement stations
on the GoogleMap, the file airlab_markers.php is called. It is
responsible for the creation and update of the XML, file. More
specifically, the data of the applicaiion, i.c. the name and the
measurements of the station, their geographical position where
they belong, the general information with the representative
photograph of cach siation, even the representation symbol,
are rerieved in XML struciure, submitting the appropriate
preset SOL question (o the database, via the corresponding
code of the php page. The XML file has an element (rooi-
top level element) and especially the "jmarkers;, j/markers;’ .
The remaining elements are nested to this, For the appropriate
structure of the XML file, there is an additional code n
the airlab_markers.php file. All necessary checks about the
validity ol the daia then take place. The algorithm was realized
by PHP scripts and the specific feature that was developed, is
supported by the Internet Explorer, Firefox, Opera and Google
Chrome browsers.

C, Weather Fovecast in West Macedonia with Dyvnamic Web
Charts

An additional new featare is the weather forecast with the
aid of dynamic web charts, i€ committed 1o deliver the most
reliable, accurate weather information possible. It provides
free, real-time and online weather information for the web
users with the state-of-the-art lechnology monitors condinons
and forecasts in the area of Wesiern Macedonia in the nexi
few days (Fig. 6).

The information is produced in a high-end server in EAP
fWMAQLS |22] and is read and stored in a database and it
appears in the imternet with the form of dynamic web graphs
{Tg.7).

Meteorological parameters are lemperature, humidity, wind
speed, wind  direction,  accumulated  precipitation,  mixing
height and 1otal solar radiation. PHP scripts retrieves (rom
the MySOQL database the 24 average hourly values for each
meteorological paramcier (except for the accumulated precip-
itation, for which a total of 6 hours is taken into account) on
each location in Western Macedonia. Next, the information is
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displayed with a graph. The user then can choose a location 1o
see the weather Torecast. By choosing "History”, the previous
meteorological measurements and figures are displayed using
eraphs.

B Air Pollution Forecast in West Macedonia

Another important part of the AQM.ELS. application is
the atmospheric pollution forecast of the pml{) (particulate
matier) concerning the next few davs m Western Macedonia,
(Fig. 8). Our application displays dynamically these regions
in & map using images; according o pollution percentages in
a certain region, the corresponding colour scale 18 represented
denoting the levels of pollution. Choosing “region’, "pollutant
agent’, “source of emission’ and “daie’, pollution for the
previous and current dates, as well as the ones of the next
three days are displayed . This part of the application uvses
Javaseripl, while a very small part of the code was wrillen in
PHP (dates management).

The air pollution model produces image files (xxx.jpg) in
the hard disc of the server in which javascript searches and
then displays. In cases where not enough environmenial daia
exist for a certain date, an image appears entitled “Pollution
Image Display Unavailable’. The necessary validation integrity
checks of the dates are also made (from-1o). Finally choosing
"history” the user can see older images of pollulion rales in a
cerlain region ol Western Macedonia.

Choosing "'movement’, a javascripi algorithm is executed
animating the pollution illustrations in the area of interest
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[II. MYSQL AND DATABASE ARCHITECTURE

MySqgl s a very fast and powerful database management
system. Allows the user to store, search, sort and recall data ef-
ficiently. This application stores all information in the MySQL
database, g0 that they can be retrieved dynamically every time
they are needed, The architecture of this database consists of a
total of 23 tables. § tables (001103, s00160, sDO21035, sDO206{,
s003105, s003t60, s004105, s00H60) include measurements
collected from the stations; they are used in reports and in
the dynamic system f(or monitoring the air pollution, via an
interactive chart. "s00x" refers to station x and t05 or t60 refer
to @ measure time interval (ie. an average 5 or 60 minute
measurement). The primary key is Date_Time, while the rest
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of the fields (valuel up to valued2) store meteorological and
environmental data. Tables city_info’, "points_categories’ and
'points’ are used for the management of stations that use
Google Map. In particular, "city_info" stores the town in which
each point (station} is located, along with additional informa-
tion, Fields include "id' {main key), title, en_title, lat, log .
Table "points_categories’ stores the station’s category (fields:
il s the primary key, "title’ and ‘en_title’) . On the table
‘points’ points are set up, along with additional information.
These fields are "id" {primary key), category’, "city’, 'en_city”,
‘address’, "title’, "description’, “lat’, ‘log’, “thumb’, "image’ .
Finally 12 tables {mamyntaio, mflorina, mgrevena, mkastoria,
mkkomi, mkozani, mnpedio, mpetrana, mpontokomi, mptl,
mservia, msiatista) which store weather forecast information
are used. Every table represents a certain location im Western
Macedonia. Fields DATE , HOUR have been set up as primary
key denoting solely each record: The rest (WDIR, TEMP,
RHUM, TEMFSCR, RHUMSCR, TSR, NETR, S5ENS, EVAP,
WSTAR, ZMIX, USTAR, LSTAR, RAIN and SNOW) are
meteorological parameters . Tables about pollution forecasts
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do not exist, all measurements are stored in the hard disc of the
server as image files. A sample table of weather forecast has
the following form : mkozani (DATE, HOUR, WDIR, TEMP,
RHUM, TEMPSCR, RHUMSCR, TSR, NETR, SENS, EVAP,
WSTAR, ZMIX, USTAR, LSTAR, RAIN and SNOW,)

The proposed A.Q.M.E.LS. application is part of a system
- air quality monitoring network, which was developed in
the Laboratory of Atmospheric Pollution and Environmen-
tal Physics of Technological Education Institute of Western
Macedonia, to monitor the air quality in Western Macedonia
area, with industrial focus on the region of Prolemais - Kozani
basin. This system was co-financed by the TEIWM, Regional
Operational Programm 2000 - 2006 Western Macedonia and
recently by the municipality of Kozani. The architecture of this
system is constituted by five terminal stations, which collect
environmental information, the central station and a web
server. Different technologies (ADSL, GPRS, ETHERNET)
are used to transfer the data to the central station. The data are
sent every halfl an hour to the main station which collects the
complete set of data and transfers them to the web server every
sixty minutes, where under the application proposed in this
paper provides meteorological, environmental, weather and air
pollution forecast data in West Macedonia area. Further details
on the design of the above mentioned air guality monitoring

network can be obtained from [1].[14]. [15].

[V. CONCLUSION

An operational monitoring, as well as high resolution local-
scale meteorological and air quality forecasting information
system{AQ.ME.LS.) for Western Macedonia, Hellas, has
been developed and is operated by the Laboratory of Atmo-
spherie Pollution and Environmental Physics / TEI Western
Macedonia. In this paper the novelty of information system
is presented, in a dynamic, easily accessible and user-friendly
manner. The application s developed using state of the art
web technologies (Ajax, Google maps etc) and under the
philosophy of the open source software that gives the ability
to usersfauthors to update/enrich the code so that their aug-
mentative needs are met.
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Control algorithm and infrastructure for smart
grid topologies

Dimitrios Tsiamitros, Dimitrios Stimoniars, T. Kottas, V. Zacharaki, and Evangelos Dialvnas, Senior
Member [EEE

Abstract— The control infrastructure and algorithm of a
smart distribution grid topology are described. They are applied
to a typical microgrid with increased renewable energy sources
penctration and experimental results are presented. The results
show clearly the contribution of the topology towards a smarter
grid with increased reliability performance and power quality.

Index Terms — Demand-Side management, Distributed
Generation, Smart Grids, Microgrids, Remewable Energy
Sources

[ INTRODUCTION

The increased penetration of renewable energy sources and
energy  storage technologies into the grid require the
determmation of the proper grid topology and the respective
control infrastructure [ 1]-[3]. The new distribution grid should
be divided into smaller mterconnected grids that operate in
parallel. Each smaller grnid contains nested sub-gnids and
should have the akility to be disconnected from the remaining
grid and operate in an islanded mode [2]-[4]. This means that it
must be self-controlled. The autonomous intelligent control
being conducted by all the sub-grids in parallel makes the new
distribution grid smart.

The experimental investigation of interconnected
microgrids  of  such  topologies  could  facilitate  the
transformation from the traditional to the smart electric grid
[2], [3]. [5]. The purpose of the paper 1s to analytically present
a smart grd topology and more specifically the control
infrastructure and algorithm. The proposed topology is
implemented on a microgrid scale and experimental results are
presented. The results show the contribution of the proposed
topology towards a smart grid and its worth of expandability to
the entire distribution grid.

[I. THE SMART DISTRIBUTION GRID TOPOLOGY

The proposed topology is shown in Fig. 1. Every dec load,
generator or energy storage device is equipped with its de-ac
inverter and connected to the ac grid via a smart device called
special control unit (SCTT). SCUs are also necessary for the ac
loads (or group of loads) and generators,
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Laboratory, Dept. of Electrical Engineering, Technological Educational
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Figure 1: Smart Distribution Grid Topology.

The special control units (S3CUs) are categorized i load
SCUs (L-8CUs), storage SCUs (S-8CUs), generators SCUs
((3-SCUs) and interconnection SCUs (I-3CUs), for connecting
the small grid of the ac-bus to the remaining grid (SD). All
SCUs consist of a simple metering module, a communication
module, an activation module (actuator) and a “smart™ module
that 15 responsible for the decision making of each 3CU., This
module 15 integrated into software that runs on a micrognd-
dedicated PC.

MI. DESCRIPTION OF THE METERING, COMMUNICATION AND
ACTIVATION MODULES OF THE SCUSs

At the Technological Educational Institute of Westen
Macedonia (TEIWN} in Greece, the installed microgrid
incorporates renewable energy sources and energy storage
devices. It contains two inverters that are used to integrate 12
PV panels into the microgrid. a battery bank of 24 FLA
batteries and 600 Ah capacity, five (5) ac loads of 2634 W
peak and a wind generator of | KWp. Ten (100 SCUs are totally
installed, exploiting ten Current Transformers (CTs), two
Voltage Transformers (VTs), one voltage divider (13 sensors)
and ten activation modules (relays). The topology including the
10 SCUs is shown in Fig. 2 while the laboratory installation 1s
shown in Fig. 3.
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Frgure 7 The mecrognd topalogy

The thirteen (13) current and voltage sensors are connected
to the analog inputs of two Data Acquisition (DA cards (NI-
LISB-0008), whereas the ten (10) activation modules are
activated or deactivaled by the digital outpis of one of the
DAQ cards. The two DAQ cards are connected via USE cables
to a PC where a software application in Labview processes the
input. data, incorporates the contral algorithrm and derives the
proper cutput conunands. In this case the ransmission cables,
the two 13A() cards and the Labview application represent the
commmumnication rmodules of the SCTTs.

Figure 3. The laboratory installat:on of the mucrogrid: (a) The ten CTs, ()
the relays, (<) the ac voltage senzors, (d)the DA cards

IV. DESCRIFTION OF THE ToOPOLOGY 'S CONTROL
ALGORITIHM

The developed Labview application is responsible for the
following tasks:

« Data sampling (12-bit resolution, 1kS/sec sampling rate)
and calculation of the RMS values,

= Calculation of other electrical pamrmelers (aclive and
reaclive power, frequency, dce).

« Incorporation of the control algorithim written in MatLab
code,

* Data recording.

* Transmmizsion of the commands derived by the conirol
algorithrm back to the digital outpit of the DAQ card.
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A part of the Labview application including the MatLab
control algorithm into a math script node is shown in Fig. 4.
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Figure 4 FPart of the Labview application and the MatLab controd
alzorithm

The inputs of the control algorithm are the real-time
measurements inputs thal are updated every second and the
cutput variables that are fed back into the algorithm at the end
of its execution period. Some of the real-time measurements

inputs of the algorithm mclude the aray of the AC active
power produced by the PV inverlers, the ac vollage of the

microgrid AC bus and the DC current of the batteries. Some of

the cutput variables are the ten activation modules array that is
ransmitled 1o the digital outpul of one DAGQ card every
second, the previous State of Charge of the batteries (S0 and
a group of flags that helps fault diagnosis of the system The
execution time of the algorithm is less than 10 msecs and it is
execuled every second.

The control algorithin consists of two major steps:

1. The real-tune voltage and frequency surveillance and
correction, as well as the mteroperability with the remaining
grid.

2. The storage unils’ Stale of Charge (S30C) and the load
shedding policy determination.

First Major Step of the Aleorvithm

Eight routines are executed in this step and will be
described analytically in the full paper. Some of them are the
following:

1) I excess aclive power production by the Renewable
Energy Sources (RES) increases the mucrogrid voltage, the
interconnection relay is set to be on in order to supply the
excess power Lo the rernaining grid. I the interconnection relay
15 already set to be on, the biggest RES supplier is switched off.

2y If' the battery discharge current is larger than a
predefined value, the relative flag is activated while the loads
that do not consurne energy are disabled together with the less
critical load that consumes energy.

31 It the produced active power is less than that needed to
supply the loads and the voltage decreases, the interconnection
relay is sl Lo be on in order Lo permil the remmaining grid Lo
supply excess power to the microgrid. It the interconnection
relay is already set to be on, all or part of the loads can be
rejected, depending on the storage unit capabilily Lo supply all
o part of the loads. The relative flag is activated.
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Second Major Step of the Algorithm

In this step, the storage units” State of Charge (SoC) and
the load shedding policy are determined and implemented. The
Sol” of the battery bank s determined by a technique similar to
the one applied in [6]. The mean batteries voltage per cell and
the mean batteries current per 100 Ah are calculated for 2, 6,
15 and 30 minutes periods independently. The current-voltage
characteristic curves of lead-acid batteries that correspond to
SoC equal to 60 %, 40 % and 25 % are reproduced. Every 2, 6.
15 and 30 minutes four routines are executed and will be
described analytically in the full paper. One of them is the 2-
mimites routine, which is executed only if the batteries are
discharging for two minutes with a mean current above 2
AM00 Ah (12 A here). Then the 2-minutes mean batteries
voltage per cell and mean batteries current per 100 Ah are
compared to the characteristic curves.

13 If these values lie above the 60 % SoC curve, no action
is taken,

27 If they lie between the 60 % and the 40 % curves and the
battery charging possibility by the RES or by the remaining
grid 15 small (night hours) all the loads are deactivated except
of the most critical load (load Nol), On the other hand, if the
battery charging possibility by the RES or by the remaining
grid 15 high (daytime hours) the loads that do not consume
energy are disabled together with the less entical load that
CONSUMES energy.

3) If they lie between the 40 % and the 25 % curves, the
previous SoC is checked. The first tests indicated that the
microgrid may fall in this situation when large loads are
switched on at the same time, leading to great discharging
current that does not correspond to the real SoC. Thus, if the
previous SoC is above 60 %, the actions in subsection (2)
above are taken and a new So between 60 % and 40 % 1s
assigned on purpose. If the previous SoC is below 60 % the
new SoC iz defined comrectly and only the critical load 1s
supplied.

45 If they lie below the 25 %6 curve, the previous Sol 15
checked and the procedure in (3) is followed. If the previous
SoC is below 40 %o, the new SoC 15 defined correctly and no
loads are supplied.

V. EXNPERIMENTAL RESULTS

The real-time voltage and frequency surveillance and
correction step of the control algonthm (sub-Section TV.A) had
an excellent response. For example, the maximum discharge
current was deliberately set to 80 A When all the loads were
switched on and the microgrid was forced to supply all the
loads by the batteries, the less eritical loads were deactivated
gradually every second. The load shedding policy (sub-Section
IV.B) was implemented successfully and resulted in increased
reliability operation, For example, in the case of islanded
operation mode, the most critical load together with two less
critical loads are always supplied, in opposite to the constant
load switching and quick batteries charging and discharging of
another topology [2], [3]. as shown in Fig_ 5,
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Figure 5: Loads profiles of an old, the new topology and desired load profile.
Island operation: 930 until 10,30, 1130 until 12,30, 13,30 until nest moming.

VI, CONCLUSIONS

The nfrastructure and the control algonthm of a simple and
expandable 1o large scale smart gnid topology are described,
The infrastructure comprises of simple  metering,
communication and activation modules. The control algorithm
handles mportant gnd operation features such as real-time
voltage and frequency surveillance and comrection, real-time
estimation of the state of charge (SoC) for the energy storage
apparatus, determination and implementation of lead shedding
policies, transition to island operation and maximum and
optimal renewable energy sources exploitation, The modules
and the control algorithm are applied at a typical microgrid and
were tested successfully, increasing reliability performance of a
microgrid with increased RES penetration.
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Adaptive Control for Sun Tracking Devices

Tsiakalos Anastasios, Thodoris Kottas®,

Abstract— - Finding energy  sources to  satisfv  the
world's growing demand is one of societyv's foremost
challenges for the next half-century. The challenge in
converting sunlight to electricity via photovoltaic solar
cells is dramatically reducing €/watt of delivered solar
electricity. In this context the sun trackers are such
devices for e¢fficiency improvement. The diurnaland
seasonal movement of earth affects the radiationm
intensity on the solar svstems. Sun-trackers move the
solar systems to compensate for these motions, keeping the best
orientation relative to the sun. Although using sun-tracker
is not essential, its use can boost the collected energy 10—
100% indifferent periods of time and geographical conditions.
However, it is not recommended to use tracking system for
small solar panels because of high energy losses im the
driving svstems. It is found that the power consumption
by tracking device is 2-3% of the increased energy, In
this paper a novel adaptive system is presented in order
to drive the sun trackers to collect over 7% encergy of the
usual types of astronomic algorithms.

Index Terms — Sun Tracking, Adaptive Control

I, INTRODUCTION

F DG sufficient supplics of clean energy for the future
is one of socicty’s most daunting challenges. Alternative
renewable energy sources such as sun energy can be
substituted for exceeding human energy needs. Covering
0.16% of the land on carth with 10% efficient solar conversion
systems would provide 20 TW of power. nearly twice the
world’s consumplion rale of fossil energy. Directly converling
sunlight to electricity is accomplished via PV solar cells. The
birth of the modem era of PV solar cells occurred in 1954,
when D. Chapin. C. Fuller. and G. Pearson at Bell Labs
demonstrated solar cells based on p-n junctions in single Si
crystals with efficiencies of 5—6%. Peak watt (W) rating is the
power produced by a solar module illuminated under the
standard conditions: 1000W/m2 solar intensity, 25 degrees
Celcius ambient temperature. and a spectrum related to
sunlight passing through the atmosphere when the sun is at a
42 degrees elevation from the horizon (defined as air mass 1.5;
i.e., when the path through the atmosphere is 1.5 limes than
that when the sun is at high noon). Because of day/night and
lime-of-day variations in insolation and cloud cover, the
average clectrical power produced by a solar cell over a year is
about 20% of its Wp rating.

A part of the incideni energy is reduced by scattering or

Dept. of Electricul Engineenng, Technological Educational Institute of West
Macedonin, Korani, GR 50100, GREECE (* comesponding author's ¢-mail:
thottas @ teivm o),

absorption by air molecules. The radiation that is not reflecied
or scatiered and reaches the surface directly is called direct or
beam radiation. The scattered radiation reaching the ground is
called diffuse radiation. The albedo is the fraction of radiation
reaching the ground that is reflected back to the atmosphere
from which a part is absorbed by the receiver.

1. EXERGY GAIN IN TRACKING SYSTEMS

Solar tracking can be implemented by using one-axis, and
for higher accuracy. two-axis sun-tracking systems. For a two-
axis sun-tracking svstem, two types are known as: polar
(equatorial) tracking and azimuil/elevation (altitude—azimuth)
tracking. The solar tracker, a device that keeps PV or photo-
thermal panels in an optinmm position perpendicular to the
solar radiation during daylight hours, increases the collected
encrgy. The first tracker introduced by Finster in 1962, was
completely mechanical.

Omne vear later. Saavedra presented a mechanism with an
automatic electronic conirol, which was used to orient an
Eppley pyrheliometer [1]. Trackers need not point directly at
the sun o be effective. If the aim is off by 108, the ontput is
still 98.5% of that of the full-tracking maximum. In the
clondiest, haziest locations the gain in annual output from
trackers can be in the low 20% range. In a generally good
arca, annual gains between 30 and 4% are typical. The gain
in any given dav may vary from almost zero to nearly 100%
121

Bione et al. compared the pumping systems driven by fixed.
tracking and tracking with concentration PVs. The PV-V-
trough system, consisled of four cavilies and two PV modules
to track the sun along its N-5 axis. tilled at an angle of
208towards the north. A theoretical simulation as well as
experimental comparison between three cases was performed.
By analyzing the daily charmcieristic curve for three given
modes. the results showed that for a given irradiance. the
pumped water flow rate was significantly different from one
another, They proved that the benefit ratios obtained for water
volume were higher than thai for collecied solar energy. The
fixed PV, the PV with tracker and the concentrating-tracking
systems pumped 4.9, 7.4 and 12.6 m3 /day. respectively [3].

Tomson analyzed the performance of the two-positional
control of single stand-alone flat plate concentrator. The
collector was rotated around its single tilted axis twice per day
with predefined deflections. The effeci of different tilt angles,
initial tilt angle, initial azimuth, and azimuth angle of the
deflected plane were evaluated on the daily and seasonal gain.
The comparison of simulation and experimenial resulis
indicated that using a simple tracking drive with low energy
imput for a briel daily movemenl, increased the scasonal
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energy yvield by 10-20% comparing to that of a fixed south
facing collector tilled at an optimal angle [4].

Michaeclides et al.  investigated and compared the
performance and cost effectivencss of a solar water heater
with colleclor surface in four situations: fixed at 40 degrees
from the horizontal, the single-axis tracking with vertical axis,
fixed slope and varable azimuth and the seasonal tracking
mode where the collecior slope is changed twice per year. To
anabyze the system, they used computer simulations using the
TRNSYS simulation program for a thermosyphon system. The
simulation results showed that the best thermal performance
was obtained with the single-axis tracking. Tn Nicosia, the
annnal solar fraction ([raction of load that is provided by solar
radiation) with this mode was 87.6% compared 1o 81.6% with
the scasonal mode and o 79.7% with the fixed surface mode,
while the corresponding figures for Athens were 81.4%,
76.2% and 74.4%. respectively. From the economic point of
view, the fixed surface mode was found to be the most cost
effective [3].

Helwa et al. siudied the solar energy capiured by differen
solar tracking systems. They calculated the solar energy
collected by using measured global, beam and diffused
radiations on a horizonial surface. Four sysiems were used in
their experiments: fixed system with Gt angle of 408 duc
south, one-axis azimuthally tracking with tili angle of 338,
one-axis lracking orenied in the N-S direction with 68iilt
angle and two-axis tracking system, one axis vertical and the
other horizontal. They developed formulas for three modes of
radiation that come in contact with the surfaces and wrote a
compuler program in BASIC to calculate and siore daily
radiation for each sysiem. The comparison between calculated
and measured data showed the anmual average for the hourly
rool mean square difference (RMSD) values of 5.36, 9.07,
7.492 and 3.98 for the fixed, verlical axis tracker, tilied axis
tracker and two-axis tracker systems, respectively. All values
were in the acceplable range [6].

Grass et al. compared non-tracking compound parabolic
concentrator collectors with two novel tracking collectors: a
parabolic trough and an evacuated wbe collector with an
integrated tracking reflecior. Tracking was performed by the
use ol a magnetic one-axis tracking sysiem. For my-tracking
analysis they used the my-tracking code ASAP (Bremuli
Research Organization Inc., 1999). To determine the optical
efficiencics for dircct and diffuse radiations and incidence
angle modifiers of the collectors, measurements were carried
out near the ambicnt temperature. The results showed that
optical efficiencies for direct radiation can be increased during
the day by uwsing tracking systems. However, small tracking
errors can have significant effects. if the step angle is low [7).

I Sus TRACKING METHODS

The presence of a solar tracker is not essential for the
operation of a solar panel, but without it, performance is
reduced. Although solar trackers can boost encrgy gain of PV
arrays, in their installation some problems such as cost
reliability, energy consumption, maintenance and performance
mst be considered.

All tracking svstems have allsome of the following

charactenstics:
*  Single column structure or of parallel console type.

One or iwo moving molors.
Light sensing device.
Autonomous or auxiliary energy supply.
Light following or moving according to the
calendar,
Continuous or step-wise movement.
Tracking all year or all year except winter.
Orientation adjustment with/without the till angle
adjusiment.

L

Several methods of sun following have been surveyed and

evalualed to keep the solar panels. solar conceniralors,
telescopes or other solar systems perpendicolar to the sun
beam. An ideal tracker would allow the PV cell to accurately
poini towards the sun, compensaling for both changes in the
altitude angle of the sun (throughout the day), latitudinal offset
of the sun (during seasonal changes) and changes in azimuth
angle. Sun-tracking sysiems are usually classified into two
categorics; passive (mechanical) and active (electrical)
trackers.

Passive trackers

Passive solar trackers are based on thermal expansion of a
malier (usually Freon) or on shape memory alloys, Usuoally
this kind of tracker is composed of couple of acluators
working against each other which are, by equal illumination,
balanced. By differential illumination of actuators, unbalanced
forces arc used for orientation of the apparatus in such
direction where equal illumination of actuators and balance of
forces is restored. Passive solar trackers, compared 1o active
trackers, are less complex but work in low efficiency and at
low temperaiures they slop working. Tesis have shown that
passive trackers are comparable to electrically based systems
in terms of performance. Although passive trackers are ofien
less expensive, they have nol vet been widely accepied by
CONSUMETS.

Active trackers

Major active trackers can be calegorized as microprocessor
and electro-optical sensor based. PC controlled date and time
based, auxiliary bifacial solar cell based and a combination of
these three systems. Electro-optical solar trackers are usually
composed of at least one pair of anti-parallel connected photo-
resistors or PV solar cells which are, by equal intensity of
illnmination of both elements, clectrically balanced so that
there is either no or negligible control signal on a driving
motor. In auxiliary bifacial solar cell, the bifacial solar cell
senses and drives the system to the desired position and in PC
controlled date and time based, a PC calculates the sun
positions with respect to date and time with algorithims and
creale signals for the system control
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Micraprocessor and efectro-optical sensor based for active
irackers

In this type, by differential illumination of electro-optical
sensors differential control signal occurs (Fig. la) which is
used to drive the motor and to orient the apparatus in such
direction where illumination of electro-optical sensors become
equal and balance. In addition, the photodiodes can be
mounied on tilted planes in order to increase the photocurrent
sensitivity (Fig. 1b) and, very commeonly in concentrator PV
applications. the shading device is presenied as a collimating
tube which prevents diffuse irradiation from entering the
sensor and masking a precise measurement of the sun
alignment position (Fig. 1c) [8].

\

Fig. 1.: Shade balancing principal (a) sun-pointing sensors (b) tilled mownt of
photo sensors (¢) precise sun pointing by means of a collimator [8]

IV, THE PRESENCE OF TEMPERATURE IN PHOTOVOLTAIC
MODULES
Using the equivalent circuit of a solar cell (Fig. 2) and the
perlinent equations the non-linear I-V characieristics of a solar
array are extracted, neglecting the series resistance:

-2 Ky
f,,=.fp, —I (e —I}——-R (1)
h

where Io is the PV array output current (A); V, is the PV
armay output voltage (V). q 15 the charge of an electron: k is
Boltzmann’s constant in J/K: A is the p-n junction ideality
factor;, T is the cell temperature (K); and Irs is the cell reverse
sauration current. The factor A in Eq. (1) determines the cell
deviation from the ideal p—n junction characteristics. The ideal
value ranges between 1 and 5 and to a commercial available
software package for PV systems PVSYST V3. 1L
The photocurrent Iph depends on the solar radiation and the
cell temperature as stated in the following equation;

Iy = +k(T-T )05 @

where Iscr is the PV amay short circuit current at reference
temperature and radiation (A); k; is the short circuil current
temperature cocfficient (A/K) and S is the solar radiation
(mWienr).

The reverse saturation current Irs varies with temperature
according to the following equation:

RO
1,,=f,,[§.-J E*"‘[“ J &)

F

where T, is the cell reference temperature, I, is the reverse
saturation curreni applied at T, and k' is the Boltzmann's
constanl in ¢V/K and the band-gap energy of the
semiconductor used in the cell is equal 10 1.115.

Finally, Equation {4) was used in the computer simulations
1o obtain the open circuil voltage of the PV array:

v = AT, (Lt 4)
q
The required data for identifving (he maximum operating
point at any insolation level and temperatre are the following;
. k.
+ Open Circuit Voltage (for initial conditions),
+ Short Circuit Current (for initial conditions),
+ Maximum Power Vollage (for initial conditions),
+ Maximum Power Current (for initial conditions)
all given by the PV array mamifacturer

r

where initial condition are equal to: 7 =25°C .
S =100mH | em’
R,
] '_'—'_;;—l' -
f, yi] . R, ".
|

Fig. 2.: Equivalent circuit of a solar cell,

Using the software PVSYST we present to different
approaches of the same photovollaic module. In Fig. 3 one
can see the maximum power produced by the module when
the isolation is 1000 W/m2 and the module temperature is
equal to 45 degrees. The maximum produced by the module is
210.2 Wan. while in Fig. 4 the same module when the
isolation is equal to 980 W/m" and the temperature is equal o
40 degrees then it has a production of 210.8 Watl, One can
easily see (hat the maximum power produced from the PV
module is not in the vertically point of the sun as the active
trackers reach but in the point where the power of the PV
module is maximum is depended from the Temperature of the
module.
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Fig. 3.: Power ve Voltage with main parameter of module wemperamre (=45
degrees Celzins)
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Fig. 4.: Power vz Vollage with main parameter of module temperature (T=40
degrees Celsius)

V. Aparmivie CONTROL OF ACTIVE TRACKERS

Considering the temperature of the PV module authors
designed an active tracker sysiem. The system is taking the
same with the active trackers svsiem of Fig. 1(b) bul it uses
photovoltaic modules and not photo sensors. The syslem
measures the wmperature of the PV modules and controls the
tracking device according to eq. 4. As a result one can have a
raise in the energy produced at about 1.2% comparcd o active
controllers.

Secondly the system taking into account the fact that the
maximum power production is depended in the level of the
cloudiness.

1.  Parddy closd: In addition to the direct solar irradiation,

diffused light is also used to maximize the effect of the
PV module.

2. Chercast sky: The system catches all the diffused light

by moving the tracker to horizontal position.

w— z ____;,::?%E%
*“éffa: LIRS
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" b A
Fig. 5: Cloudy sky {a) Partly clood - (h) Overcast sky

The total energy gain by using the presenied adaptive aclive
tracker system is calculated from 4 different plants in 7% over
a vear. Authors installed the experimental system in four
different plants in Wesl Greece and the resulis are shown in
Fig. 6. The total gain calculated in 9% over a year considering
the fact that the tracker has not moved from the horizontal
position for 78 davs because of a clondy overcast sky. The
extra energy gain came from the power that the tracker is not
consumed in order to move.

In Fig. & one can see a comparison between the proposed
adaptive algorithm and a simple sun positioning algorithm,
The moming hours the sky was partly cloudy. The adaptive

system was moving according to the maximum power
production spot instead of the suns spot in the sky. The next
howrs the sky was totally clean of clouds. The gain of energy
is at about 16,5 %,

In Fig. 7 one can see a comparison between the proposed
adaptive algonthm and an active algorithm. The day is
presented is a totally shiny day. The difference is spolled
between the noon hours when the adaptive sysiem is laking
into account the temperature of the module, while the active
system is only considering the sun positioning. The gain of
energy is 3.7%.
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adaptive active tracking system (slashed line) and sun position tracking
system {comtinues linek Encrgy increases at 16.5%.
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Fig. 7: Comparison of power production of solar pancls in KWatl between
adapuive active racking system (slashed line) and active iracking system
{eontinues line), Energy increases al 3.7%.

VI. CoNCLUSIONS
The proposed sysiem is a novel system based on the way
the PV modules are reacting through their power io isolation
and temperature. All active systems arc based in the sun
positioning and not in the maximum power production. The
iotal gain calculated in 9% over a year.
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