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Ozet: Tiirkiye’de ¢evre hizmeti veren yetkilendirilmis kuruluslarin mevcut durumun tespiti, hizmeti veren ve alan
kurum/kuruluslarin gézlemledigi sorunlarin tespiti ve verilen hizmetin kalitesinin artirilmasina yonelik Onerilerin
olusturulmasina yénelik olarak bir arastirma yiiriitiilmiistiir. Incelemede CED, Cevre Yonetim Hizmetleri, Toprak
Kirliligi Kontrolii ve Deniz Cevresinin Petrol ve Zararli Maddelerle Kirlenmesine iligskin Risk Degerlendirmesi, yeni
uygulamaya girecek olan Atik Yonetim hizmetleri ele alinmigtir.  Yeterlik hizmeti veren kurum/kuruluslarin sayisi,
cografi dagilimi, gérev alan personel sayisi ve yapisi, hizmet almasi gereken isletmelerin say1s1, Bakanlik/Il Miidiirliigii
calisan profili ve denetim sayis1 incelemeleri ile mevcut durum degerlendirmeleri yapilmigstir. Bakanlik/il Miidiirliigi,
Yetkilendirilmis kuruluslar, Hizmet alan tesisler gibi paydaslarin katilimi ile ¢alistaylar ve anket ¢aligmalari ile sorunlar
ve ¢Oziim onerileri belirlenmistir. Onerilen baslica konular, Bakanligin kontrol ve denetim mekanizmasinin
etkinlestirilmesi, yetkilendirme siirecinde biirokrasinin azaltilmasi, Bakanliga sunulan hizmet ve rapor kalitesinin
artmast ic¢in sertifika programlarinin diizenlenmesi, biirokrasinin ve denetimin kolaylastirilmasi i¢in yeterlik
hizmetlerinin tek bir ¢at1 altinda toplanmasi, asgari birim fiyat tarifesi uygulamasi olmustur.

Anahtar Kelimeler: Atik yonetim hizmeti, CED yeterlik, Cevre gorevlisi, Cevre yonetim hizmetleri yeterlik sartlart

Current Situation of Authorized Organizations Providing Environmental
Services in Turkiye, Problems and Suggestions for Increasing Service Quality

Abstract: The research was conducted to determine the current situation of the authorized institutions providing
environmental services in Turkiye, to identify the problems observed by the institutions/organizations providing and
receiving the service, and to formulate suggestions for increasing the quality of the service provided. In the review,
EIA, Environmental Management Services, Soil Pollution Control and Risk Assessment of Marine Environment
Pollution by Petroleum and Harmful Substances, and Waste Management services that will come into effect were
discussed. The number of institutions/organizations providing qualification services, their geographical distribution,
the number and structure of the personnel employed, the number of enterprises that need service, the
Ministry/Provincial Directorate's employee profile and the number of inspections, and the current situation evaluations
were performed. With the participation of stakeholders such as the Ministry/Provincial Directorate, Authorized
Organizations, Service receiving facilities, problems and solution proposals were determined through workshops and
surveys. The main proposed issues were the activation of the control and supervision mechanism of the Ministry, the
reduction of bureaucracy in the authorization process, the regulation of certificate programs to increase the quality of
services and reports provided to the Ministry, the gathering of competence services under a single roof to facilitate
bureaucracy and auditing, and the application of a minimum unit price tariff.

Keywords: Waste management service, EIA qualification, Environmental officer, Environmental management
services qualification requirements
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Tiirkiye 'de Cevre Hizmeti Veren Yetkilendirilmis Kuruluslarin Mevcut Durumu, Sorunlar ve Hizmet Kalitesinin Artinlmasina Yonelik Oneriler

1. Giris

Tim tlkelerde Cevresel Etki Degerlendirme (CED), kuruluslarin gevresel performanslarinin
izlenmesi, raporlanmasi ve denetimleri gibi ¢evre yonetimi uygulamalarinda, hizmetin yararlilig1 ve
kalitesi ve CED raporlarinin kalitesi konusunda endiseler taginmaktadir. Bu sikayet, CED siireci ve
¢evre yonetim uygulamalarinin nispeten yeni bir arag oldugu tilkelerde ve ayn1 zamanda CED'in uzun
yillardir faaliyet gosterdigi iilkelerde de duyulabilir. Bir ¢gevre yonetim sisteminin olgunlugu ne olursa
olsun, iilkelerin belirli bir hizmetin asgari diizeyde kalitesini saglayan akreditasyon, sertifikasyon gibi
mekanizmalara yatirim yapmas1 gerekli goriinmektedir. Ideal olarak, bu tiir mekanizmalar verilen
¢evre yonetimi hizmetinin Kalitesini artirir ve uygulayicilari iyi uygulamalara yonlendirir (IEMA,
2011; Jha-Thakur ve Fischer, 2016).

Diinyada, CED dahil olmak iizere, ¢cevre ve siirdiiriilebilirlik alaninda ¢alisanlar i¢in, verilen hizmetin
kalitesinin artirilmasi, bu alanda gorev alan profesyonellerin performanslarini desteklemek,
bilgilerinin glincellenmesine yonelik sertifika programlari diizenlemek, 6grenmelerini tesvik etmeye
yonelik olarak kaynak, ara¢ hizmeti sunmak, aragtirma ve bilgi paylasiminda bulunmaya yonelik
bagimsiz organizasyonlarin hizmet verdigi goriilmektedir. Bu organizasyonlar, firmalar1 akredite
eden, firmalarda ¢alisan bireyleri de sertifikalandiran yapilardir (IEMA, 2011; URL-1; URL-2). Bu
organizasyonlar i¢inde iilkemizde de Cevre Yonetimi Sertifika Programi yiiriiten kuruluslardan biri
Ingiltre nin ¢evre yonetimi alaninda sertifika programlari yiiriiten Cevre Y&netimi ve Degerlendirme
Enstitiisii (Institude for Environmental Management and Assessment, IEMA) diir. Bu Enstiti,
ogrenci, mezun, uygulayici gibi farkli deneyim ve statiideki liyelerine uluslararasi alanda gegerliligi
olan g¢evre yonetimi, atik yonetimi, net sifir uygulamalari, ¢evresel siirdiiriilebilirlik alanlarinda
sertifika programlari diizenlemektedir (IEMA, 2011).

Cevresel Etki Degerlendirme siirecinin yeni oldugu iilkeler kadar, uzun yillardir faaliyet gosterilen
iilkelerde de, iiretilen CED raporlarinin kalitesi hakkinda endiseler vardir. Bir CED sisteminin
olgunlugu ne olursa olsun, iilkelerin asgari diizeyde CED uygulamasi kalitesi saglayan
akreditasyon/sertifikasyon gibi mekanizmalara yatirim yapmasi gerekli goriinmektedir. ideal olarak,
bu tlir mekanizmalar ¢evre yonetim uygulamalarinin performansini artirir.

Bu araglardan biri, CED kapsaminda kilit gorevleri iistlenen kisi veya kuruluslarin akreditasyonu
veya belgelendirilmesidir. Genellikle CED akreditasyonu, CED hazirlayicilariin  kalitesini
yonetmeyi amaglar, ancak CED incelemecilerinin sertifikalandirildigi 6rnekler de mevcuttur. Hizmet
verecek kisiler ve/veya bagli olduklar1 firmalara akreditasyon verilmesi, diisiik kalitedeki CED
raporlarinin Kalitesinin artirilmasi i¢in “kolay bir diizeltme” oldugu kanitlanmamistir. Sertifikasyon
ve akreditasyon sistemleri, onemli bir 6n yatirim ve devam eden yonetim maliyetleri gerektirir.

Ulkemizde, ¢evre yonetimi hizmeti kapsaminda Cevre, Sehircilik ve Iklim Degisikligi Bakanlig
Cevresel Etki Degerlendirmesi, izin ve Denetim Genel Miidiirliigii, Cevre Yeterlik Hizmetleri Dairesi
Baskanlig1 tarafindan diizenlemesi yapilan ve makale kapsaminda incelenen yonetmelik ve tebligler
ve igerikleri agagida verilmistir:

e 30/7/2019 tarihli ve 30847 sayili Resmi Gazete’de yayimlanan Cevre Ydnetimi Hizmetleri
Hakkinda Yo6netmelik:
Cevre mevzuati ve 10/9/2014 tarihli ve 29115 sayili Resmi Gazete’de yayimlanan Cevre Izin
ve Lisans Yonetmeligi kapsaminda iilkemizde ¢evre yonetimi hizmeti verecek personelin,
cevre yonetim birimlerinin ve c¢evre danismanlik firmalarmin tasimasi gereken sartlari,
yiikiimliiliklerini, ¢calisma usul ve esaslarini, yeterlik belgesi basvurularinin yapilmasi ve
degerlendirilmesi ile yeterlik belgelerinin verilmesi, denetlenmesi, askiya alinmasi ve iptali
ile ilgili konulari igerir.
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e 29/11/2019 tarihli ve 30963 sayili Resmi Gazete’de yayimlanan Cevresel Etki

Degerlendirmesi Yeterlik Belgesi Tebligi:
29/7/2022 tarihli ve 31907 sayil1 Resmi Gazete’de yayimlanan CED Yo6netmeligi kapsaminda
gerceklestirilmesi planlanan projelerin ¢evreye olabilecek olumlu ve olumsuz etkilerinin
belirlenmesinde, olumsuz yondeki etkilerin onlenmesi ya da ¢evreye zarar vermeyecek ol¢iide
en aza indirilmesi i¢in alinacak Onlemlerin, secilen yer ile teknoloji alternatiflerinin
belirlenerek degerlendirilmesinde ve projelerin uygulanmasinin izlenmesi ve kontroliinde
stirdiiriilecek caligmalar1 derlemeye yonelik olarak hazirlanancak olan proje tanitim dosyast,
cevresel etki degerlendirmesi basvuru dosyasi, ¢evresel etki degerlendirmesi raporu ve proje
ilerleme raporu hazirlayacak kurum ve kuruluslarda aranacak sartlar bagvurularin
degerlendirilmesi, CED yeterlik belgesinin verilmesi, vize edilmesi, askiya alinmasi, iptali ve
denetimi ile ilgili konular: kapsar.

e 17/6/2011 tarihli ve 27967 sayili Resmi Gazete’de yayimlanan Toprak Kirliliginin Kontrolii
ve Noktasal Kaynakli Kirlenmis Sahalara Dair Yonetmelik Yeterlilik Belgesi Tebligi:
8/6/2010 tarihli ve 27605 sayili Resmi Gazete'de yayimlanan Toprak Kirliliginin Kontrolii ve
Noktasal Kaynakli Kirlenmis Sahalara Dair Yonetmelik uyarinca kirlenmis saha
degerlendirme ve temizleme ¢alismalarini yapacak olan kurum ve/veya kurulusun asgari
ozelliklerinin belirlenmesine iligkin usul ve esaslar1 diizenler, bu amacla gerekli raporlari
hazirlayacak ve faaliyetleri yiiriitecek kurum ve/veya kurulusta aranacak sartlari, Yeterlilik
Belgesi Komisyonunun olusumu, calisma usul ve esaslarini, bagvurularin degerlendirilmesi,
yeterlilik belgesi verilmesi, denetlenmesi, vize edilmesi ve iptali ile ilgili konular1 kapsar.

e 12/12/2014 tarihli ve 29203 sayil1 Resmi Gazete’de yayimlanan Deniz Cevresinin Petrol ve
Diger Zararli Maddelerle Kirlenmesine Iliskin Risk Degerlendirmesi Ve Acil Miidahale
Planlarin1 Hazirlayacak Kurum Ve Kuruluslarin Asgari Ozelliklerine Dair Tebligi:
21/10/2006 tarihli ve 26326 sayil1 Resmi Gazete’de yayimlanan Deniz Cevresinin Petrol ve
Diger Zararli Maddelerle Kirlenmesinde Acil Durumlarda Miidahale ve Zararlarin Tazmini
Esaslarina Dair Kanunun Uygulama Yonetmeligi uyarinca risk degerlendirmesi ve acil
miidahale planlarint hazirlayacak kurum/kuruluslarin asgari 6zelliklerinin belirlenmesine
iligkin usul ve esaslar1 diizenler, bu amaca iliskin risk degerlendirmesi ve acil miidahale
planlarin1 hazirlayacak kurum/kuruluslarda aranacak kosullari, calisma usul ve esaslarini,
basvurularin degerlendirilmesi ve denetlenmesine iliskin hiikiimleri kapsar.

Tiim bu hizmetlerin yiiriitiilmesini talep eden firmalar, yetkilendirme i¢in Bakanliga ayr1 ayr1 bagvuru
yapmasi gerekmekte, ayni nitelikli basvuru belgelerin her bir bagvuru i¢in E-CED sisteme
yiiklenmesi, ilgili yeterlik mevzuati geregince Bakanlik/Il Miidiirliigii tarafindan tiim basvurularin
inceleme ve denetlenmesinin yapilmasi gerekmektedir. Verilen hizmetin kalitesi incelendiginde ise,
hizmeti veren kisilerin degisen sartlar ve hizla gelisen ¢evresel/teknolojik konular acisindan egitime
ithtiya¢ duydugu, hizmet almasi gereken kisilerin ¢cevre duyarliliginin yeterince yliksek olmamasindan
otiirii verilecek hizmeti gereksiz gérmeleri vb. nedenlerle istenilen diizeyde hizmet iiretilemedigi
goriilmektedir.

Bu makalenin amaci, hizmet veren tiim paydaslarin sorunlarinin, mevcut durumlarin tespiti ile verilen
hizmetin kalitesinin artirilmasina yonelik alternatiflerin gdzden gecirilmesi, uygulanabilecek farkli
yontemleri tanitmak ve lilkemizde uygulanabilecek yontem Onerisi yapmak, ve bu yontemin
uygulanmasi ile ilgili siirdiiriilebilirlik degerlendirmesi yapmaktir. Makale kapsaminda kullanilan
tim veriler Bakanligin E-CED uygulamasinda kayitli olan bilgilerden edinilmistir. Yapilan
degerlendirmeler Cevre, Sehircilik ve Iklim Degisikligi Bakanlig1 tarafindan saglanan mali destek ile
2021-2022 yillar1 arasinda yiirtitiilmiis olan Yeterlik Hizmetlerinin Etkinlestirilmesine Dair Kapasite
Gelistirilmesi Projesi sonuglarindan derlenmistir. Proje sonucunda yapilan degerlendirmeler ve
oneriler dogrultusunda Cevre Yo6netimi Hizmetleri Yonetmeligi 01.11.2022 tarihinde, Cevresel Etki
Degerlendirmesi Yeterlik Belgesi Tebligi 31.12.2022 tarihinde yenilenmistir.
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Tiirkiye 'de Cevre Hizmeti Veren Yetkilendirilmis Kuruluslarin Mevcut Durumu, Sorunlar ve Hizmet Kalitesinin Artinlmasina Yonelik Oneriler

2. Mevcut durum

Mevcut durum degerlendirmeleri, yeterlik hizmeti veren kurum/kuruluslarin sayisi, cografi dagilima,
gbrev alan personel sayisi ve yapisi, hizmet almasi gereken isletmelerin sayisi, Bakanlik/il
Miidiirliigii calisan profili ve denetim say1s1 incelemeleri ile baslatilmistir. ilgili veri Cevre, Sehircilik
ve Iklim Degisikligi Bakanlig1 e-CED sisteminden 2021 yilinda temin edilmistir.

Katilimcilara 6n analiz ile tespit edilen sorunlar ve bunlara dair bazi Onerilere dair goriisleri
sorulmustur. Sorulan sorular ve katilimcilarin verdikleri yanitlar CED ve Cevre Yonetim Hizmetleri
yonetmelikleri 6zelinde Tablo 1 ve Tablo 2°de verilmektedir.

2021 yili itibariyle, CED Yeterlik Belgesi aktif olan 207 adet kurum kurulus bulundugu, bu
kuruluslarin biiyiik bir kismmnin Ankara, Bursa, Istanbul ve izmir’de yerlesik oldugu, CED Yeterlik
Belgesine sahip kurum/kuruluslarda galisan toplam aktif personel sayisinin 2219 ve toplam
personelin yaklasik %48’inin ¢evre miithendisi oldugu tespit edilmistir. Enerji Yatirimlari, Ulagim ve
Kiy1 Yatirimlari ve Turizm ve Konut sektorlerinde CED Yeterlik Belgesine sahip bazi
kurum/kuruluslar sektorlerinde rakiplerine gore ¢cok daha fazla raporun hazirlanmasinda gorev aldigi
goriilmiistiir. Bu durum hali hazirda sektorel bazli olarak bazi firmalarin kurumsal kapasitesinin ve
tecriibesinin oldugunu géstermektedir (CSIDB, 2022).

Tablo 1. Cevresel Etki Degerlendirmesi Yeterlik Belgesi Tebligi'ne iliskin sorulara verilen yanitlar

Yamt | Evet | Hayir Fikrim
Soru Yok
Sayis1 | (%) | (%) (%)

CED Yeterlik Belgesi Tebligi sizce anlamasi ve uygulamasi
kolay bir mevzuat midir?

CED Yeterlik Belgesi Tebliginde talep edilen sartlar yeterli
midir?

CED Yeterlik Belgesi Tebligindeki yeterlik kriterlerinin CED
Raporu / Proje Tanitim Dosyalarinin kalitesinin arttirilmasinda | 247 60 36 4
etkili bir ara¢ oldugunu diislinliyor musunuz?

Sektorel bazda yeterlilik sartlarinin olusturulmasi ve bu
kurum/kuruluglarda gérev alan personellerin alan uzmanliga | 246 82 15 4
sahip olmasi konusunda diizenlemeler yapilmali midir?

Sizce CED Firmalarn yetkili idare tarafindan yeterince
denetlenmekte midir?

Sizce CED Raporlar1 / Proje Tanitim Dosyalarinin i¢in asgari
ticret tarifesi uygulanmali midir?

Sizce CED Yeterlik hizmetlerinde merkezi danismanlik
belirleme sistemi uygulanmali midir?

Inceleme ve Degerlendirme Komisyon Toplantilar1 sonucunda
veya Cevre ve Sehircilik i1 Miidiirliiklerinin Proje Tanitim
Dosyalarin1 incelemeleri sirasinda CED Yeterlik Belgesine | 246 66 22 12
sahip firmalara verilen ceza puanlarinin derecelendirilmesi
yeniden diizenlenmeli midir?

Sizce CED Yeterlik Belgesi Tebliginde ¢ok sik m1 degisiklik
yapilmaktadir?

Sizce CED Yeterlik Belgesi Tebliginde degisiklik yapilmasi
gerekmekte midir?

247 75 19 5

246 o1 40 9

245 29 15

246 78 14 8

247 68 17 15

247 23 19

245 61 22 17
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Cevre yonetim hizmetleri kapsaminda gorev alan ¢evre mithendisi/yetkilendirilmis kisi belgesi sahibi
sayisinin 11814 adet oldugu, bu belgeye sahip kisilerin %91’inin ¢evre miihendisi oldugu tespit
edilmistir. Cevre gorevlilerinin/cevre miihendislerin yogun olarak yerlestigi illerin, istanbul, Ankara,
[zmir ve Bursa oldugu dogu bélgelerinde olduk¢a diisiik oranda ¢evre goérevlisi/miihendisinin
bulundugu tespit edilmistir. 11814 ¢evre gorevlisinin 6738 kisisi belgesini aktif olarak
kullanmaktadir. Belgesini aktif olarak kullanan 6738 kisinin yaklasik % 54’1 ¢evre danismanlik
firmalarinda, %21,1’1 ise ¢evre yonetim birimlerinde gérev yapmaktadir. Kalan %24,9°u ise tesislerde
tam zamanli ¢cevre gorevlisi olarak gorev almaktadir. Bakanlik tarafindan bugiine kadar verilen ¢evre
yonetim birimi yeterlik belgesi sayis1 338 adettir. Cevre yonetim belgelerinin %57’si tesisler
tarafindan, %28’i Belediye, %10’u Kurumlar tarafindan almmustir (CSIDB, 2022). Cevre
danigmanlik firmalarinin sanayinin yogun oldugu bélgelerde kuruldugu gézlenmistir. 2019 yili1 Cevre
Hizmetleri Yonetmeligi kapsaminda bu hizmeti vermeye yetkilendirilmis g¢evre gorevlisi/gevre
miihendisi sayist ve hizmet verecegi tesis sayilart géz Oniine alindiginda yetkilendirilmis kisi
sayisinin olmasi gerekenden 3,5 kat fazla oldugunu sdylemek miimkiindiir. Bununla birlikte hali
hazirda aktif olarak c¢alisan yetkilendirilmis kisilerin ortalama %20 kapasite ile calistigi da
sOylenebilir. Bu durum rekabeti getirmekte, oldukca diisiik iicretlerle hizmet verilmesi ile
sonug¢lanmaktadir.

Tablo 2. Cevre Yonetim Hizmetleri Hakkinda Y6netmelige iliskin sorular

Yanit | Evet | Hayir Fikrim
Soru Sayis1 | (%) | (%) Yok
(%)
Cevre Yonetimi Hizmetleri Hakkinda Yonetmelik sizce anlamasi ve
: 410 77 20 3
uygulamasi kolay bir mevzuat midir?
Cevre_ Y(?n_etlm Hizmeti yeterlik kriterlerinde talep edilen sartlar 410 52 39 10
yeterli midir?
Cevre_ De%nl_smanhk firmasi yeterlik kriterlerinde talep edilen sartlar 409 52 42 6
yeterli midir?
Cevre gorevlisi ve ¢evre mithendisinin, ¢evre yonetim biriminin ve
cevre danismanlik firmalarinin miikellefiyetlerinin ¢gevresel etkilerin 407 67 30 3
en aza indirilmesi ve / veya 6nlenmesi yoniinde etkili bir arag
oldugunu diigiinliyor musunuz?

Mevcut durumda ¢evre gorevlisi ve gevre mithendisinin, ¢evre
yonetim biriminin ve ¢evre danismanlik firmalarinin
miikellefiyetlerinin eksiksiz ve zamaninda yerine getirildigini
diisiiniiyor musunuz?

Sektorel bazda yeterlilik sartlarinin olusturulmasi ve bu
kurum/kuruluslarda gérev alan personellerin alan uzmanliga sahip 408 80
olmasi1 konusunda diizenlemeler yapilmali midir?

Sizce ¢evre gorevlileri/miithendisleri, cevre yonetim birimleri, ¢evre
danismanlik firmalar1 yetkili idare tarafindan yeterince 408 41
denetlenmekte midir?

Sizce ¢evre danismanlik firmalar1 hizmetleri igin asgari licret tarifesi
uygulanmali midir?

Sizce ¢evre danigmanlik firmalar1 hizmetlerinde merkezi
danismanlik belirleme sistemi uygulanmali midir?

Denetimler sonunda ¢evre gorevlisi, ¢evre mithendisi, gevre yonetim
birimi ve firmalarin; yeterlik belgelerin askiya alinmas1 ve iptali
konusunda ceza puanlarinin derecelendirilmesi yeniden
diizenlenmeli midir?

Sizce Cevre Yonetimi Hizmetleri Hakkinda Yo6netmeligi’nde ¢ok sik
o 408 21 14
m1 degisiklik yapilmaktadir?

Sizce Cevre Yonetimi Hizmetleri Hakkinda Y dnetmeligi’nde 409 64 22 13
degisiklik yapilmasi gerekmekte midir?

407 27

409 87 7 6

409 71 21 8

408 63 28 9
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Farkl1 paydaslarin yeterlik hizmetleri kapsaminda goriis ve Onerileri diizenlenen anket caligmasi ve
calistaylar ile toplanmustir. 238’ Bakanlik ve Il Miidiirliigii personeli, 137’isi ¢evre danismanlik
firmasi, 65’1 Cevre danigsmanlik ve CED yeterlik firmasi, 12°si CED yeterlik firmas1 10’u toprak
kirliligi ve 6’s1 Deniz kirliligi yeterlik belgesine sahip katilimcilardan olusan toplam 542 yanit
alimmustir.

3. Sorunlar

Yapilan birebir goriismeler, diizenlenen anket sonuglari, ¢evresel etki degerlendirmesi uygulamalari
konusunda c¢alisgan Bakanlik Birimleri temsilcileri, ilgili kurum ve kuruluslarin temsilcileri,
iiniversiteler, sanayiciler, sivil toplum kuruluslari, Cevre Hizmetleri, CED Yeterligi olan firma
temsilcileri ve 6zel sektérden 423 temsilcinin bir araya geldigi 13-14 Nisan 2022 tarihinde ¢evrimici
olarak diizenlenen galistaylar sonunda Sekil 1°de gosterilen baslica sorunlar tespit edilmistir.

Yapilan degerlendirmelere gore en 6nemli sorunun faaliyet sahiplerinin ¢evre duyarlilig1 eksikligi
oldugu, alacaklar1 hizmet ile dongiisel ekonomiye katkilar1 ve ¢evresel kayiplarin maliyetleri gibi
gorece uzun vadede kendilerine olasi etkilerinin farkinda olmadiklar1 goriilmektedir. Bu nedenle
yasal olarak almalar1 gerekli olan gevresel yonetim hizmetini en diisiik ticretle, herhangi bir fayda
beklemeksizin alma yoluna gittikleri gdzlenmistir. Verilen hizmetin kalitesinin Bakanlik/il
Miidiirliigii tarafindan yetersiz personel/bilgi eksikligi/uygulama farkliliklar1 nedenleriyle yeterince
denetlenmemesi de verilen hizmetin faydasini ortaya koyamamaktadir.

Cevre Yonetim hizmeti vermeye aday ¢ok sayida ¢evre gorevlisinin/gevre mithendisinin sektdrde
bulunuyor olmasi rekabeti artirmakta, bu da dnemli fiyat kirimlarina neden olabilmektedir. Cevre
Yonetim Hizmeti verecek miilga ¢evre gorevlileri ise yeterli mevzuat ve farkli sektorlere yonelik
teknik bilgi eksikligi nedeniyle yeterince fayda saglayamamakta, farkli Il Miidiirliiklerinde
uygulamalardaki standart dig1 uygulamalar hizmetin kalitesini diisiirmektedir.

™\

/- Cevre duyarlilig eksikligi
* Verilen hizmetin faydasini
algilamada eksiklik
® Yesil mutabakat
* Sinirda karbon diizenlemeleri
* Mevcut en iyi teknikler....

Faaliyet

e Uretilen hizmetin
kalitesinin denetim eksikligi

* Uretilen hizmetin
degerlendirilmemesi

e personel ve egitim eksikligi

s Birimler arasinda uygulama
farkliliklar

b Sahipleri/ Bakanlik/il
. MadurlGgiu
Ureticiler

4 Cevre

¢ Fazla sayida gevre goérevlisi bul
¢ Cevre Yonetim Birimlerinin verim

e Egitim eksikligi
¢ Hazirlanan faaliyet raporlarinin dikkate
alinmamasi
tDU;Uk iicretlere is yapiliyor olmasi

Danismanlk
Firmalari/
Cevre Yonetim
Birimleri

olmamasi o | . .
L]

* Belge kiralama/tesisde bulunmadan is Irm; azn IZT(e,kI,-.

yapilmasi standardinin eksikligi

CED

Firmalari
« Kirletici vasfina gore firma
siniflandirilmasinin olmamasi

 Firma is kapasitenin sinirli
olmamasi

¢ Calisanlarin egitim eksikligi

Sekil 1. Farkli paydaslar acisindan tespit edilen baslica sorunlar
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4. Oneriler

Kurumsal kapasitenin gelistirilmesi kapsaminda incelenen CED, Cevre Y onetimi Hizmetleri, Toprak
Kirlenmesi ve Deniz Kirliligi Risk Degerlendirmesi mevzuatlari dogrultusunda yeterlik belgesi almak
isteyen ve yeterlik alan tiim firmalar i¢in gecerli olmasi planlanan ortak oneriler asagida verilmistir.

Tek Yeterlik Catist Altinda Yeterlik Konularinin Birlestirilmesi :

Istenilen bilgi ve belgeler CED, izin ve Denetim Genel Miidiirliigii tarafindan yetkilendirilen diger
Yeterlik Belgesi mevzuatlarinda (CED, Cevre Yonetimi Hizmetleri, Toprak Kirlenmesi ve Deniz
Kirliligi Risk Degerlendirmesi) da yer aldigindan birden fazla Yeterlik Belgesine basvuru yapan
kurum/kuruluslardan miikerrer belge talebine yol agmakta, siireci uzatmakta ve CED, Izin ve Denetim
Genel Mudiirliigii’'niin is yukiini arttirmaktadir. Bu nedenle Yeterlik Belgesi Mevzuatinin
kurum/kuruluglara ait 6zlik bilgilerin tek bir madde altinda toplanmasi Onerilmektedir. Cevre
Yeterlik Hizmetlerinin basvuru siireglerinin elektronik ortamda tek bir cati altinda toplanmasi
onerilmektedir.

Tek yeterlik mevzuati kapsaminda bagvuru yapan firmadan asagida yer alan ortak bilgi ve belgelerin
sunulmasi onerilmektedir.
e Cevre ile ilgili mithendislik, miisavirlik, aragtirma gelistirme, etiit, fizibilite, proje, rapor,
egitim ve benzeri konularda ¢alistigin1 gosteren Tiirkiye Ticaret Sicili Gazetesi
e Verilen hizmetin 6zelligine, personel sayisina ve calisma sartlarina uygun olacak sekilde
calisma mekanlari, toplant1 salonu, arsiv odasi ve hizmet araci,
e Calisanlarin SGK sigortali ise giris bildirgesi veya sirket ortagi ise ortak olduguna dair belge,
e Bagvuru yilina ait ticaret ve sanayi odasindan alinacak sicil belgesi veya sicil kaydi,
Tiirk Miihendis ve Mimar Odalar1 Birligine bagh ve ilgili meslek odalarindan herhangi
birinden alinan miihendislik-miisavirlik belgesi veya biiro tescil belgesi,
Bagvuru bedelinin, Bakanlik Doner Sermaye Isletmesi Miidiirliigii hesabina yatiriimast,
Gelir Idaresi Bagkanlig1 “Borcu Yoktur Yazis1”
Kayith Elektronik Posta adresi,
Firmanin faaliyet konularini ve iletisim bilgilerini aktaran web sayfasi,
Il Miidiirliigii Uygunluk Yazist

Diger Oneriler:

e Sahis sirketlerine ¢cevre danigmanlik firmasi yeterlik belgesi verilmemesi onerilmektedir.

e Ilgili yeterlik konularinda CED Raporlarmin ve ¢evre danismanlik firmalarinin kalitesinin
bagimsiz kuruluglar tarafindan degerlendirilerek odiillendirilmesinin saglanmasi ile hizmet
kalitesinde artirilmasi planlanmaktadir.

e Cevre Yonetimi, CED hizmeti veren tiim personelin temel egitim programlarini almasi, su,
hava, toprak, atik yonetimi, giiriiltii kirlenmesi gibi teknik konularda uzmanlagsmalarim
saglayacak sertifika programlarina katilmalar1 6nerilmistir.

e (Cevre yonetimi hizmeti asgari birim fiyatinin tanimlanmasi 6nerilmistir.

e Smirli denetim kapasitesinin arttirilmasi i¢in denetime yardimci olabilecek asagidaki
hususlarin ¢evre yonetim hizmetinin yerinde yapildiginin kanitlanmasi i¢in 6nerilmektedir.

o QR kodun okutulmasi ile tesise giris yapilmasi, (EK-1 tesislere kart okuyucu
bulundurma zorunlulugu getirilmesi)

o [P ve GPS datasinin eslesmesinin saglanmasi, (EK-2’ler i¢in saglanabilir.)

o Aylik faaliyet raporlarmin konum bilgisi eslesmesi yapilmadan imzalanmamasi,

e Uygulanan ceza puanlarinin ¢esitlendirilmesi, ihlaller, kusurlu durumlar, yanls ve yaniltici
bilgi verme vb. konularda hem yetkili firmaya hem de firmada gorev alan ¢evre yoneticisine
uygulanmas1 6nerilmistir.
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e Hizmet verilmesi planlanan sektorlerin ¢ok cesitli olmasi ve farkli cevresel etkiler gdstermesi
ve igbasi egitim prensibi gbéz Oniine alinarak siirekli gelisen ve degisen mevzuat ve
uygulamalar1 konularinda kisilerin bilgilerinin de glincellenmesi 6nerilmistir.

e Bakanlik merkez ve tasra teskilatlarinda ilgili konularda gorev yapan kisilerin de egitim
almasi1 Onerilmektedir.

5. Onerilerin siirdiiriilebilirliginin degerlendirilmesi

Ortaya konulan ¢iktilarin uzun vadede basarili olmasi1 “Siirdiiriilebilir” nitelige sahip olmasina
baghdir. Sirdiiriilebilir hedeflerle hazirlanmis Oneri paketleri, belirli bir zaman smiriyla
karsilasmaksizin uygulanan alanda katki saglamaya devam edecektir. Bu makalede Onerilen
faaliyetlerin uygulamasinin hangi kosullara bagli oldugu mali, kurumsal ve politik unsurlar a¢isindan
ele alinarak irdelenmistir.

5.1. Onerilerin mali siirdiiriilebilirligi

Mali destek saglanarak baslanmis ve sonuclarina ulagilmis bir projenin etkilerinin uzun bir zaman
dilimine yayilmasi i¢in proje bittikten sonra gerekli olan mali kaynagin nasil ve nereden saglanacagi
mali siirdiiriilebilirlik olarak aciklanir. Bu boliimde belirlenen kisa ve orta vadeli eylem planlarinin
uygulanmasinda ilave bir mali biitge gerekliligi irdelenmistir.

Onerilen kisa ve orta vadeli eylem planlar1 Tablo 3’te siralanmustir:

Tablo 3. Eylem plan1 6nerileri

No Konu Yapilacak Onceliklendirme | Oncelikle Tamamlanmasi
Faaliyetin Niteligi Gereken Adimlar
1 Tim Yeterlik Yonetmelik Kisa vade Taslak mevzuatin
konularinin tek bir Degisikligi hazirlanmasi
mevzuat altinda Cevre Yeterlik Hizmetleri
toplanmasi Dairesi Bagkanliginin

yapisinin degismesi,

Yazihim ihtiyaci i¢in
hizmet alim

2 | Toprak Kirliligi, Deniz Yonetmelik Kisa vade Sertifika programlarinin
Kirliligi, CED ve Degisikligi tanimlanmasi,
Cevre Yonetim Sertifika programlarinin
Hizmeti siirecinin Sertifika hazirlanmasi,
iyilestirilmesi i¢in bu programlarinin Y 6netmeligin Gegici
konularda gorev yapan agilmasi Madde ile yapinin
kisilerin sertifikasyona kurulmasina iligkin
sahip olmasinin aciklamanin yer almasi,

saglanmasina yonelik
altyapimin kurulmasi

3 Sertifikasyon Cevre Ajans1 Kanunu Kisa Vade Egitimcilerin egitiminin
Programlarini Degisikligi, tamamlanmasi,
yiiriitecek Egitim Yonetmelik Egiticilerin ve egitim
Kurumlarimin ve Degisikligi / kurumlarinin
Egiticilerin Sertifikasyon yetkilendirilme sartlarinin
Yetkilendirilme Programlarini tanimlanmasi,
Sartlarinin ylriitecek egitim Egiticilerin sertifikasyon
Belirlenmesi ve kurumlarinin ve programlarinin
Yetkilendirilmesi egiticilerin tamamlanmasi
tanimlanmasi,
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Tablo 3. (devami) Eylem plani 6nerileri

No Konu Yapilacak Onceliklendirme | Oncelikle Tamamlanmasi
Faaliyetin Niteligi Gereken Adimlar
4 Cevre Yonetim Y onetmelik Asgari birim fiyat
Hizmetleri konusunda Degisikligi Kisa Vade tarifesinin tanimlanmasi
asgari birim fiyat
tarifesi uygulanmasi
5 Cevre YOnetim Yonetmelik Yazilim alt yapinin
hizmeti verenlerin Degisikligi/Altyapini Orta Vade kurulmasi, Ekipmanlarin
tesiste bulundugunun n tanimlanmasi ve yerlestirilmesi, donanim
tespitine yonelik kurulmast altyapisinin kurulmast
altyapinin kurulmasi
6 | Kusurlu gevre yonetim Yonetmelik Kisa vade Yonetmelikte ceza
hizmeti veren kisi ve Degisikligi sisteminin yenilenmesi,
firmalarin ceza Ceza sartlarinin mevcut
uygulamalarmin yazilimlara entegrasyonu
etkinlestirilmesi
7 CED yeterlik belgesi Yonetmelik Kisa Vade Yonetmeligin taslagin
sahibi 6zel sektor Degisikligi yayinlanmast
yatirimcilarin
disaridan CED hizmeti
alma zorunlulugu
eklenmesi
8 Cevre yonetim birimi Yonetmelik Kisa vade Yonetmeligin taslagin
yeterlik sahibi olan Degisikligi yayinlanmasi
kurum ve kuruluslarin
disardan Cevre
Yonetim Hizmeti alma
zorunlulugu eklenmesi
9 | Cevre yonetim hizmeti Yonetmelik Yonetmeligin taslagin
veren kiginin farkli Degisikligi, Kisa Vade yayinlanmasi
firmalara CED Yazilimda gerekli
konusunda hizmet altyapinin
vermesinin tanimlanmast
engellenmesi
10 Cevre YOnetim Cevre Kanunu Kisa Vade Cevre Kanunun
Hizmeti Verecek Degisikligi, Degistirilmesi,
Kisilerin, Yonetmelik Y o6netmeligin taslaginin
“Aday Cevre Degisikligi yayinlanmasi,
Y oneticisi”
“Cevre Yoneticisi”
“Kidemli Cevre
Yoneticisi” seklinde
Tanimlanmasi
11 | CED Raporlarinin ve Yonetmelik Orta vade Odiil kriterlerinin
cevre danigmanlik Degisikligi / belirlenmesi

firmalarinin kalitesinin
bagimsiz kuruluglar

Akreditasyon
Hizmetini verecek

tarafindan kurumsal yapinin
degerlendirilerek tanimlanmasi
odiillendirilmesinin
saglanmasi
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Bu eylemler i¢inde 6nemli dlciide biitge gerektiren eylemler yer almaktadir. Tiim yeterlik konularinin
tek bir yazilim ile yiiriitiillmesi, denetlenmesi islemleri bir yazilim hazirlanmasi1 gereklidir. Bu
yazilimin hazirlanmasi i¢in hizmet alimina yonelik biit¢e tanimlanmasi gereklidir.

Bir bagka biit¢e ayrilmasini gerektiren eylem Sertifikasyon Programlarinin hazirlanmasi eylemidir.
Hem CED hem de Cevre Danismanlik hizmeti verecek firmalarda calisan teknik personelin, Bakanlik
ve 11 Miidiirliigiinde gérevli uzmanlarin Yonetmelikte tanimlanan uzmanlik sertifika egitimlerinin
hazirlanmasi, egitici egitimlerinin verilmesi i¢in diizenlemelerin yapilmasi ve biitge tanimlanmasi
gereklidir.

5.2. Kurumsal Siirdiiriilebilirlik

Onerilen eylem planlarmin uygulamasinda yer alan paydaslarin (Bakanlik, Il Miidiirliigi, CED
Yeterlik Firmalari, Cevre Danismanlik Firmalari vb.) mevcut gorevlerine devam edip etmeyecegi, ya
da hangi sartlarda devam edecegi, Onerilerin paydaslar iizerindeki etkilerinin siirdiiriilebilirligi bu
baslik altinda degerlendirilmistir.

CED Yeterlik sahibi firmalar halihazirda CED/PTD ayrimi olmaksizin her tiirli raporu
hazirlayabilme yetkinligine sahip olabilmektedir. CED yeterligi alabilmesi i¢in firmalarin sahibi
olmas1 gereken personel yapisina gore, biri ¢evre mithendisi, diger ikisi farkli meslek gruplarindan
olacak sekilde 3 kisiyi siirekli olarak istthdam etmeleri, bunlar disinda bir personeli de Rapor
koordinatorii olarak daimi olarak ¢alistirmasi gereklidir. Bu yapiy1 kuran firmalar herhangi bir kota
olmaksizin diledikleri sayida CED/PTD raporu hazirlayabilmektedir. Onerilen yeterlik sartlari ise
firmalar1 PTD/CED raporu hazirlayabilme durumuna gore A/B sinifit seklinde ayirmakta, proje
koordinatorii lizerinden firmanin yiiriitebilecegi rapor sayisina kota getirilmistir. A sinifi firmalar,
2’s1 ¢evre mihendisi, 2’si diger meslek gruplarindan, 2’si proje koordinatorii olabilecek yeterlikte
toplam 6 kisiyi stirekli olarak istihdam etmek zorundadir ve koordinatdér basina ayni anda 6 CED
raporu hazirlayabileceklerdir. Bu durumda mevcut durumda 4 personel ile CED yeterligi
alinabilirken, Onerilen mevzuat ile belli yi1l deneyimine sahip toplam 6 personel ile CED raporu
hazirlayabileceklerdir. Halihazirda yeterligi olan bazi firmalarin bu yapiy1 kurabilmeleri i¢in ilave
personel istthdam etmeleri ve Onerilen yonetmelikteki teknik uzmanlik sertifikalarina sahip
olmalarini saglamalar1 gerekmektedir. B smifi firmalar ise, biri ¢evre miihendisi, digeri diger meslek
gruplarindan olacak sekilde, bir proje koordinatorii ile birlikte toplam 3 personel ile bu hizmeti
verebileceklerdir. Tek proje koordinatorii ile B sinifi firma ayni anda en fazla 20 PTD raporu
hazirlayabilecektir. Bu durumda sadece PTD raporu hazirlayacak olan firmalarmn siirekli istihdam
etmeleri gereken personel sayist 4’ten 3’e indirilmistir.

Halen CED Yeterlik Belgesi olan firmalarmn ortalama personel sayisi 10 civarindadir (CSIDB, 2022).
TEIAS, DSI, Karayollar1 gibi yatirimei kuruluslarin haricindeki CED firmalarinin ortalama personel
sayist ise 7 civarindadir. Bu durumda, halen CED yeterlik belgeli firmalarin ilave personel
istihdamindan ¢ok, personelinin teknik uzmanlik sertifikasina sahip olmasi Onerilen yonetmelik
sartlar1 i¢in en 6nemli gerekliliktir.

Cevre Danigsmalik firmalar1 agisindan ise, mevcut durumda ¢evre miihendisi lisans veya lisansiistii
programindan mezun olmus, Bakanlik merkez ve tasra teskilatlarinda en az 5 yil calismis veya
tarafindan diizenlenen egitime katilip basarili olmus olan yetkilendirilmis en az dort personelin
stirekli olarak istihdam edildigi firmalar yeterlik alabilmektedir. Cevre Danigmanlik firmalari, Cevre
Izin ve Lisans Yonetmeligi Ek-1 ve Ek-2’sinde yer alan tiim isletmelere herhangi bir ayrim
olmaksizin hizmet verebilmektedir. Onerilen degisiklik ile Ek-1 faaliyetlerine hizmet verebilecekler
A smifi, Ek-2 faaliyetlerine hizmet verenler B sinifi olmak iizere Danigsmanlik firmalar1 2 ayr1 sinifa
ayrilmasi Onerilmistir. A sinifi firmalar siirekli istihdam edilen 6 Cevre Yoneticisinden olusurken, B
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sinifi firmalar toplam 4 Cevre Yoneticisi ile kurulabilecektir. A smifi firmada gorevli cevre
yoneticilerinden birinin en az 6 yil deneyimi yeterliyken, B sinifi firmada en az 3 yil deneyimli bir
cevre yoneticisi yeterli olabilmektedir. Mevcut durumda Cevre Danismanlik hizmeti veren kisilerin
%353.4’1 3-10 y1l arasinda, %21°1 10-20 yil, %7’si ise 20 yil {izerinde deneyime sahip oldugu
diisiiniildiigiinde, gerekli olan deneyimin firmalar acgisindan sikinti yaratmasi beklenmemektedir.
Halihazirda ¢evre danismanligi yapabilecek toplam yetkili personel sayisinin 12 bin kisi civarinda
olmasi nedeniyle, Ek-1 ve Ek-2 kapsamindaki tesislere A ve B sinifi firmalarla hizmet
verilebilmesinde herhangi bir personel eksikligi yaratmasi beklenmemektedir. Onerilen ydnetmelik
kapsaminda hizmet verilebilmesinde en biiylik eksiklik yonetmelikte tanimlanan temel egitim
programlar1 ile izin ve lisans konularinda belirlenmis olan teknik uzmanlik sertifikalarinin
tamamlanmis olmasi gerekliligi olacag: diistiniilmektedir.

Cevre Izin ve Lisans Yonetmeligi ek-1 veya ek-2 listesinde yer alan isletmelerin biinyesinde kurulan,
stirekli istihdam edilmek {izere en az iki personelden olusan Cevre Y oOnetim Birimi ise C sinifi olarak
tanimlanmistir. Mevcut durumda cevre yonetim birimi kuran isletmeler disaridan danigmanlik
hizmeti almak zorunda degildir. Ancak o6zellikle ¢evre sorunlari yaratma potansiyeli yiiksek
Bakanlik¢a belirlenecek isletmelerin kendi biinyelerinde kurulan Cevre Yonetim Birimlerinin yani
sira A simifi Cevre Danigmanlik firmalarindan da hizmet almasi dnerilmistir. Bu 6neri, isletmelerin
i¢c birimleri tarafindan yapilan c¢evreye iliskin kanun ve ikincil diizenlemelere uygunlugu, alinan
tedbirlerin etkili olarak uygulanip uygulanmadiginin degerlendirmelerinin dis bir taraf olan A sinifi
firmalar tarafindan dogrulanmasi ile ¢evreye zarar verilmediginden emin olunmasina yol acacaktir.

Cevre Danigmanlik firmalarinin hizmet sartlar1 i¢in asgari fiyat tarifesi uygulanmasi, asgari fiyat
tarifesine uyuldugunun kayit altina alinmasi, danigmanlik veren tiim g¢evre yoneticilerinin gerekli
temel egitim ve teknik uzmanlik egitimlerinin alinmasinin saglanmasi gibi Oneriler, diisiik iicretle,
sahaya gitmeden verilen hizmetin iyilestirilmesini saglayacaktir. A smifi danismanlik firmalarinin
her vize doneminde en az 1 yeni mezun Cevre YOneticisini ise almasi Onerisi de yeni istthdam
saglamasi acisindan 6dnemlidir. Bu Onerilerden asgari fiyat tarifesi uygulanmasi 6nerisi 01.11.2022
tarihli ve 32000 sayil1 Resmi Gazete’de yeniden diizenlenerek yayinlanan Cevre Yonetim Hizmetleri
Hakkinda Yonetmelik ile uygulamaya gecirilmistir.

Cevre danismanlar tarafindan hazirlanan aylik faaliyet raporlar1 halen herhangi bir paydas tarafindan
etkin bir sekilde dikkate alinmamaktadir. Isletmelerde cevre kirlenmesinin 6nlenmesine ydnelik
gerekli hukuki, ekonomik ve sosyal tedbirlerin alinmadigi, ¢evreye iligkin kanun ve ikincil
diizenlemelerin yiiriitiilmediginin bildirildigi aylik faaliyet raporlarinin yazilim altyapisi ile yetkili
birimi aninda uyarabilecek bir diizenlemeye doniistiiriilmesi sistemin iyilestirilmesinde 6nemli bir rol
oynayacaktir.

Hem CED hem de Cevre Danismanlik firmalarinin ceza puanlamalarinda 6nemli degisiklikler
yapilmasi Onerilmistir. Firmalara verilen cezanin yani sira kusurlu hizmet veren personele de ceza
verilecek olmasi, verilen ceza puanlarinin vize doneminden bagimsiz hale gelmesi, gelistirilecek
yazilim altyapisi ile yetkili idarenin uygunsuzluklara miidahalesinin saglanabilmesi 6nerileri alinan
hizmetin kalitesini artiracak olmasi nedeniyle 6nemlidir.

Onerilen yénetmelik kapsamina 2872 sayili Kanunun 11. Maddesi 5. Fikrasinda tanimlanan; “Atik
direticileri, atiklarinin yonetimini atik yonetim sorumlusu olarak yetki verilmis firmalar araciligiyla
da yerine getirebilirler. Ancak, Bakanlik¢a nitelikleri belirlenen atik fireticilerinin atiklarinin
yonetimini atik yonetim sorumlusu firmalar aracilifiyla yerine getirmeleri zorunludur. Atik
reticilerinin  sorumluluklar1 ile atik yonetim sorumlusu firmalarin yetkilendirilmesine ve
yiikiimliiliiklerine iliskin usul ve esaslar Bakanlik¢a ¢ikarilan yonetmelikle diizenlenir.”

Atik Yonetim Sorumlusu Firma Yetkilendirilmesi sartlar1 da eklenmistir. Genel olarak isletmelerin
Sifir Atik, Depozito kayit vb. belge alimlari, atik beyanlari, atik azaltimi, geri kazanim, bertaraf gibi
11
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aslen Cevre Danigmanlik firmalarinca verilen ¢evre yonetim hizmeti kapsamindaki hizmetlerin, Atik
Yonetim Sorumlusu firmalarca genisletilerek atik 6zelinde atik yonetim hizmetinin dongiisel
ekonomiye katki sunacak ve ¢evre kirlenmesinin Onlenmesine yonelik bir hizmet vermesi
planlanmaktadir. Bu amagla oncelikli olarak A veya B sinifi Cevre Danismanlik yeterlik sahibi
firmalarin Atik Yonetim Sorumlusu firma olarak yetkilendirilebilmesi onerilmistir. A veya B sinifi
Cevre Danismanlik Firmasi biinyesinde siirekli istihdam edilen Atik Yonetimi Teknik uzmanlik
sertifikasina sahip 2 personel bulunmasi durumunda B siift Atik Yonetim Sorumlu Firma olarak
yetkilendirilebilmesi ve bu firmalarm Cevre Izin ve Lisans Y&netmeligi Ek-2 de yer alan bazi
tesislerine ve sanayi dis1 atik iireticilerine (havalimanlari, limanlar, hastaneler, aliveris merkezleri ve
zincir marketler) hizmet verebilmesi Onerilmistir. A sinifi Cevre Danismanlik Firmasinda siirekli
istihdam edilen Atik Yonetimi Teknik uzmanlik sertifikasina sahip 3 personel bulunmasi durumunda
A smifi Atik Yonetim Sorumlu Firma olarak yetkilendirilebilmesi ve bu firmalarin Cevre Izin ve
Lisans Yonetmeligi Ek-1, Ek-2 listesinde yer alan belirlenmis tesislere ve sanayi dis1 atik iireticilerine
(havalimanlari, limanlar, hastaneler, aliveris merkezleri ve zincir marketler) hizmet verebilmesi
onerilmistir. Atik yonetim sorumlusu firmalar yetki belgesi alabilmeleri ve atik yonetimi hizmeti
verebilmeleri i¢in A veya B smifi i¢in Bakanlik¢a belirlenecek olan tutarda teminat sunmakla
yiikiimliidiir. CILY Ek-1 isletmelerinde tam zamanli Atik Yonetim uzmanmi, CILY Ek-2 isletmeleri
ve sanayi dis1 tesislerde ise haftada 1 giin tam zamanli Atik Y 6netim Uzmani ¢alistirilmasinin zorunlu
olmasi Onerilmistir. Ek-1, EK-2 de yer alan atik yonetim hizmeti almasi kararlastirilan tesisler ile
sanayi dis1 tesislerin sayis1 goz Oniine alindiginda, iilkemizde ilk etapta yaklasik 1000 atik yonetim
teknik uzmanligina sahip ¢evre yoneticilerine ihtiya¢ duyulacagi dngoriillmektedir.

5.3. Politik Suirdirebilirlik

Yeterlik hizmetlerinin etkinlestirilmesine yonelik kapasite gelistirilmesi amaci ile yiiriitiilmiis olan
caligma sonuclarinin strateji plani ile uyumu, proje sonuglarinin yapisal etkileri (mevzuatta, uygulama
kurallarinda, yontemlerde vb. saglayacagi iyilesme) ile siirdiiriilebilir kalkinma ve c¢evrenin
korunmasina yonelik faydalari bu baslik altinda incelenmistir.

Onerilen ydnetmeligin yiiriirliige girmesi ve gerekli yazilim alt yapisinin hazirlanmasi ile
yetkilendirilmek isteyen firma tek bir bagvuru ile ilgili 5 farkli mevzuata yonelik yetkilendirme
alabilecektir. Boylece biirokrasi azaltilacak, her bir yetki kapsaminda gerekli olan denetim yiikii
azalacaktir. Yetki almis firmalarin is ve islemlerine kota getirilmesi, daha az deneyimli ve az
personeli olan firmalarin kirletici vasfi kiigiik tesislere hizmet verebilmesi, deneyimli ve personel
sayis1 fazla olan firmalarin kirletici vasfi yiiksek tesislere hizmet verebilmesi Onerilmistir. CED
yetkilendirilmis firmalarin koordinatorleri {izerinden es zamanl olarak yiiriitebilecekleri projelere
kota getirilmesi Onerilerek, is ylkii fazlaligindan 6tiirii yetersiz hizmet verilmesinin 6nlenmesine
yonelik bir onlem alinmistir.

Cevre danigsmanlik firmalarinin her vize doneminde yeni mezun Cevre Miihendisi istihdami
eklenerek, sektorde yeni mezunlarin is bulabilmesi firsati yaratilmistir. Hem CED, hem Cevre
Danigmanlik hem de Atik Yonetim Sorumlusu firmada gorev alacak personelin temel egitim ve teknik
uzmanlik sertifikalar1 almalarinin 6nerilmesiyle siirekli olarak yeni bilgilerle donatilmis, verdikleri
hizmete yonelik bilgileri tazelenen, gilincel ¢evre konularina ve gelismelere hakim ¢evre
danismalarinin sektdrde gorev almalarinin saglanmasi onerilmistir.

Cevre Danmismanlik firmalarinda gorev alacak olan Cevre Gorevlisi tanimlamasinin kaldirilmasi,

«Yetkilendirilmis Kisi» olarak degistirilmesi 6nerilmistir. Bu 6neri 1/11/2022 tarihli ve 32000 sayilt

Resmi Gazete ’de yeniden diizenlenerek yaymlanan Cevre Yo6netim Hizmetleri Hakkinda Y 6netmelik

ile uygulamaya gecirilmistir.

Diisiik iicretlerle yapilan hizmetin kalitesinin artirilmasina yonelik asgari birim fiyat tarifesi

Onerilmis, asgari iicretin 6denmemesi veya iade fatura diizenlendiginin tespit durumunda yetki
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iptaline neden olabilecek ceza sart1 getirilmesi Onerilmistir. Tesise gitmeden Cevre Danigmanligi
yapanlarin 6nlenmesi i¢in, tesiste bulunma zorunlulugunun teknoloji ile desteklenerek, denetimin
kolaylastirilmast onerilmistir. Cevre yoneticilerince diizenlenen aylik faaliyet raporlarinin dikkate
alimmasini saglayacak yazilim ¢oziimii onerilerek, isletmelerin ¢evre kirliligine neden olacak sekilde
caligmasinin Onlenmesi, ¢evre korunmasini saglayacak yatirimlart yapmasini saglayacak Oneriler
verilmistir.

Yatirime1 kuruluglarin CED raporu hazirlama yetkisinin iptali ile, Cevre Y onetim Birimleri tarafindan
verilen ¢evre danigsmanlik hizmetlerinin ¢ikar ¢catismasi nedeniyle tigiincii taraflarca yerine getirilmesi
onerilmistir.

Hazirlanmis olan yonetmelik taslagi ile ¢evrenin korunmasi saglanacaktir, onerilen yonetmeligin
baslica avantajlarinin asagidaki unsurlar iizerinde olacagi dngoriilmektedir:

* Bakanligin kontrol ve denetim mekanizmasinin etkinlestirilmesi,

* Yetkilendirme siirecinde biirokrasinin azaltilmasi,

* Bakanliga sunulan hizmet ve rapor kalitesinin artmasi i¢in sertifika programlarinin diizenlenmesi,

* Biirokrasinin ve denetimin kolaylastirilmas: i¢in yeterlik hizmetlerinin tek bir cati altinda
toplanmasi,

* Asgari birim fiyat tarifesi uygulanmasinin saglanmasi

TesekKkiir

Bu yayin, Cevre, Sehircilik ve Iklim Degisikligi Bakanlig1 tarafindan saglanan mali destek ile 2021-
2022 wyillart arasinda yiriitilmiis olan Yeterlik Hizmetlerinin Etkinlestirilmesine Dair Kapasite
Gelistirilmesi Projesi sonuc¢larindan hazirlanmistir.

Cikar Catismasi
Yazarlar, c¢ikar catigsmasi olmadigini beyan eder.
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Abstract: Humanity has long been in pursuit of new habitats, and in this direction, the desire to establish colonies
based on technological advancements has been increasing. In this context, the National Aeronautics and Space
Administration (NASA) has been sending unmanned spacecraft to Mars since 1970. For the structures to be built on
Mars, it is necessary to study structural loads similar to those on our planet. Therefore, particular attention needs to be
paid to structural loads on Mars, especially ice loads and how these loads vary across different regions of the planet.
Specifically, the distribution and grading of Mars-specific ice loads are the focus of this study. The research has focused
on how ice loads used in the design process for structures to be built on Mars differ across regions. Consequently, it
has been determined that especially in the polar regions of Mars, ice loads are an important parameter to consider in
structural design, while subterranean ice around the equator is critical for excavation works and anchoring applications.
These findings provide critical information that will aid in making decisions in the process of constructing sustainable
structures on Mars.

Keywords: Mars, Design loading, Ice load, NASA, Multiplanetary life

Mars Gezegeninde Buzun Varhig: ve Yapilara Etkisi

Ozet: Insanlik uzun yillardir yeni yasam alanlar1 arayip bulmaya ¢alismakta ve bu dogrultuda teknolojik gelismelere
dayal1 koloni kurma istegi de artmaktadir. Bu kapsamda, Ulusal Havacilik ve Uzay Dairesi (NASA) 1970 yilindan
itibaren Mars gezegenine insansiz uzay araglari gondermektedir Mars’ta insa edilecek yapilar i¢in, gezegenimize benzer
yapisal yiiklerin arastirilmasi gerekmektedir. Bu nedenle, Mars gezegeninde dikkate alinmasi gereken yapisal yiikler
arasinda dzellikle buz yiikii ve bu yiikiin gezegenin farkli bélgelerinde nasil degisecegi merak edilmektedir. Ozellikle,
Mars’a 6zgii buz yiikleri ve bu yiiklerin gezegenin farkli bolgelerindeki dagilimi ve derecelendirmesi bu ¢alismanin
odagini olugturmaktadir. Arastirmalar, Mars gezegeninde insa edilecek yapilar i¢in tasarim siirecinde kullanilacak buz
yiiklerinin bolgelere gore nasil farklilastigina odaklanmistir. Sonug olarak, 6zellikle Mars'in kutup bolgelerinde buz
yiiklerinin yap1 tasariminda 6nemli bir parametre olarak dikkate alinmasi gerektigi, ekvator ve ¢evresindeki yer alti
buzlarmin ise kazi ¢aligmalar1 ve ankraj uygulamalarinda kritik 6neme sahip oldugu tespit edilmistir. Bu bulgular,
Mars'ta siirdiiriilebilir yapilar inga etme siirecinde kritik kararlar alinmasina yardime1 olacak bilgiler saglamaktadir.

Anahtar Kelimeler: Mars, Tasarim yiikii, Buz yikii, NASA, Cok gezegenli yasam

1. Introduction

Today, many developed countries and private companies are engaged and try hard to be successful
in the space race. Sending uncrewed vehicles to Mars and Moon that are generally at the fore
continues. In first place, mankind set the Moon as its target in the space race. Moon has come to the
fore since it is the satellite of Earth and is the closest celestial body to Earth. It was the Soviet Union's
(USSR) Luna 2 spacecraft that first successfully reached the surface of the Moon. Although the USSR
continued its research by sending other Luna vehicles to orbit or the Moon, the United States joined
this race by sending many crewed spacecraft to the Moon with the Apollo mission program in 1968.
Apart from the USSR and the USA, China, India, Japan, Israel, Russia, the United Arab Emirates
(UAE), Luxembourg, South Korea and Italy have participated in Moon studies with different missions
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since 1968. Although Moon was more in the foreground than Mars in the early days, it is
disadvantaged in terms of the lack of atmosphere and the resulting high temperature difference
between day and night and the amount of water it contains. For all these reasons, mankind has shifted
its research and space missions to the planet Mars.

Mars remained unknown, inaccessible and dark for mankind for many years. Mars missions were
implemented by the USA and USSR in the 1960s, but but no significant progress was made until
1975. Viking 1&2 spacecraft, sent to Mars as part of the Viking project launched by NASA in 1975,
successfully landed in 1976. Viking 1 continued its mission until 1978 and Viking 2 until 1980
(NASA, 2024). In the following years, mission missions became more frequent, and the Sojourner
spacecraft was sent to Mars with different missions by Sojourner in 1996, Spirit & Opportunity in
2003, Phoenix in 2007, Curiostiy in 2011, InSight in 2018 and Perverance in 2020, respectively. A
view of Mars-Sequoia area by Mars Curiosity Rover is as shown in Figure 1 (URL-1). Curiostiy
Rover detected CO2 (95.9%), Ar (2%), N2 (1.9%), O2 (0.14%) and CO (0.016%) gases on the planet
Mars respectively in 2012 (URL-2). In addition, another mission is planned by the same institution
to collect surface samples from Mars in 2027.

< S }5;-;.4:) SRS
Figure 1. Curiosity’s Navcams View the Area Around 'Sequoia’

Over 50 missions to Mars have been carried out to provide a relative understanding of aspects of Mars
that can help scientists to carry out innovative studies and projects (Soureshjani et al, 2023). As a
result of these studies, it would not be economical to take the materials to be used for low-rise
buildings for colonization of Mars from Earth (Toklu, 2000). Thus, Petrov and Ochsendorf (2005)
proposed a reliable hybrid Mars base using inflatable and on-site structures. It is an undeniable fact
that procuring the materials to be used in building construction from materials found on Mars will be
beneficial both in terms of time and economy. However, the regions where colonization will be
determined should be chosen carefully. Because subsurface ice was discovered in studies conducted
on the planet Mars (NASA, 2023). After this discovery, NASA started to prepare a subsurface water
ice map to determine which region of Mars to travel to on the first manned trips. For this, Mars
Reconnaissance Orbiter (MRO) and Mars Odyssey orbiter, to locate water ice that could potentially
be within reach of astronauts on the Red Planet (NASA, 2024). All these developments will enable
the design load to be reached by determining both the 'in situ resource utilization' of water and the
thickness of the ice on the structures.

The first stage in designing buildings is to determine the loads. Accurate and realistic determination
of loads is of great importance on the gravitational planet Mars, as it is on Earth. Soureshjani et al,
(2023) tried to determine Mars payloads. He made suggestions regarding some loads. However,
especially as stated by NASA (2023), it is understood that the presence of ice should be taken into
consideration both in the selection of the region where spacecraft land and in the design of structures
to be built on the planet Mars by shifting research to regions without the presence of ice. Precisely
determining and mapping the surface and subsurface ice on Mars will enable astronauts to land in
safe areas and will allow us to determine the ice load to be considered in the structures to be built in
the coming years. Therefore, in this study, it is aimed to determine the effects of ice load on the
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structure according to the surface and subsurface ice areas on the Martian surface map by revealing
the ice load.

2. Material and Method

Detection of ice masses existing on the planet Mars is made with radar sounding data. These studies
have identified many mid-latitude glacier-like forms on the planet as well (Karlsson et al., 2015). The
forms discovered in mid-latitudes were estimated with 25% uncertainty by Levy et al. (2014). In their
study, they tried to determine the ice volumes according to concentric crater fill (CCF), lineated valley
fill (LVF), and lobate debris aprons (LDA) methods. The amount of ice discovered at latitudes of +30
and 50 is an important water reservoir that can be extracted by surface drilling in the future. Apart
from all these studies, Berman et al. (2021), Joseph (2023), Garvin et al. (2024), Tang et al. (2022),
Yoldi et al. (2022), Riu et al. (2023), Schorghofer (2021) cunducted studies using methods about the
presence of ice on the surface and subsurface of the planet Mars and tried to reveal the amount,
location and stability of ice. They also obtained approximate values with different drilling and remote
sensing techniques. Besides, Phoenix Mars Lander, managed to take sample pieces from the water
ice in the Martian soil on July 31, 2008 (NASA, 2008).

In this study, the study area was considered as the entire planet Mars, including the upper Gediz valley
and craters of the Gale crater at 4.5895 S, 137.4417 E according to Mars coordinate system. The
visible Mars map of the planet is shown in Figure 2 (URL-3).

o TP et i TP
Figure 2. Mars visible map

Akgiil and Suphi (2022) used the CRISM sensor as remote sensing data on the MRO satellite that
was launched from the Cape Canaveral base in the United States on 12.08.2005 and entered Mars
orbit on 10.03.2006. All the features of the sensors related to water and ice on the satellite are given
below in Table 1.

Table 1. MRO instruments and features (NASA, 2022)

Instruments Features
MCS Monitoring changes in the atmosphere
SHARAD Water ice research.
CRISM Identification of minerals

In the light of the data obtained with sensors such as MCS, SHARAD and CRISM, although the ice
effect on Mars dust is negligible, the presence of water ice reservoirs were detected in some areas
very close to the surface. Visible ice layers can be found even at 50 cm excavations. Therefore, the
ice effect should be taken into consideration in the subsurface excavations on Mars. Water ice at low
latitudes have a structure that constantly changes according to the seasons. In foundation or anchor
excavations for Martian structures, ice effect should be taken into consideration both laterally and
vertically. Following the recent discoveries by the European Space Agency (ESA), the ever-changing
presence of ice can create gaps around the structure anchor/foundation, creating discontinuities
beneath the Martian surface. The waterways that represent the natural functioning under the crater
and feed the glaciers in the Martian craters are shown in Figure 3 (Fraeman et al., 2020).
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Figure 3. Crater waterways

It is known that the gravity of the planet Mars is 38% of the gravity of the Earth. This reduces both
the total weight of the structure and the gravity of each design load. Compared to other planets, the
gravity of Mars is closer to Earth's gravity. For example, the gravity on the moon is one-sixth of the
Earth's gravity.

2.1. Design Loads

In addition to vertical loads, horizontal loads are based on the experiences and research obtained as a
result of a certain period of time on Earth. Most countries have created their own design codes and
load combinations related to their geography. The necessity of our planet and the occurrence of
ground movements or different natural phenomena have forced researchers to consider some special
loads other than horizontal loads (earthquake, wind, etc.) and vertical loads in the design.

Loads on earth consist of dead load, live load, snow load, earthquake load, wind load, etc. When these
loads come together, load combinations are formed. The load combinations of the ASCE 7-10
‘Minimum design loads and associated criteria for buildings and other structures’ regulation are as
follows (ASCE 7-10, 2017).

14D 1)
12D+1.6 L+0.5 S )
1.2 D+1.6 S+0.5 W ©)
1.2 D+1.6 S+L (4)
1.2 D+1.0 W+1.0 L+0.5 S (5)
1.2D+1.0 E+1.0L+0.2 S (6)
0.9 D+1.0 W (7)
09D+1.0E (8)
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where D is the dead load, L is the live load, S is the snow load, W is the wind load and E is the
earthquake load.

The effect of ice, which is not taken into consideration in the design load combinations on Earth, but
is found both on the surface and subsurface in the polar regions of Mars and around the equator, on
Martian structures was investigated.

2.1.1. Ice Load

Ice load is not included in many countries' regulations. It is mostly represented as snow load in the
standards of the countries. However, the presence of ice in the polar regions of Mars is clearly
noticeable in recent discoveries on the planet. Schiff and Gregg (2022) found ice-rich deposits on
north-facing slopes along 40 N, 250 E. Son et al. (2023) stated that while ice presence changes
seasonally in low latitudes, the change in ice presence in high latitudes is less. However, the presence
of ice at low latitudes has also begun to be revealed.

The presence of ice in the northern polar region is shown in Figure 4 (NASA, 2023). These layer
thicknesses are measured by the Shallow Radar instrument (Credit: NASA/JPL-Caltech/University
of Rome/SwRi).

N | : ‘ k&
Figure 4. The thickness of the north polar layered deposits on Mars

Ice load may vary depending on regions or ice thickness. As on Earth, the ice load on MARS can be
determined in 3 different ways as equatorial, mid-latitude and polar regions. Ice load on Earth is
calculated as;

LI :k\/a X gm (8)

where L; (N) is the ice load, k is a constant, d thickness (mm) and gm (m/s?) is the gravitational
acceleration of Earth and m (kg) is the mass. This equation applies only to surface structures. It is
considered as a layer covering the structures, especially in high altitude regions. Equation number 9
is used especially in electricity transmission lines and electricity distribution networks. However, in
order to determine the ice load to be used on the planet Mars, spacecraft must be produced resistant
to weather conditions to operate in the region where ice is present. Today, spacecraft cannot approach
the polar regions of the planet Mars.
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3. Findings and Discussion

In the discovery made by ESA probe, a possible dusty ice layer was discovered at the equator of Mars,
apart from its poles, as shown in Figure 5. Buried beneath the planet's equator, this layer of dusty ice
is thought to contain enough water to cover Mars in an ocean between 4.9 to 8.9 feet (1.5 to 2.7
meters) deep. Such a large volume of ice deposit has never been found outside the poles (URL-4).

1000
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ﬁ 2000 Deposits
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. . ) . Distance (km) ] ]
Figure 5. Possible ice thickness in the equatorial region (ESA).

As seen in Figure 5, the possible ice deposit is seen as a result of the discovery made by ESA. This
ice deposit is covered with dry sediments and the top layer of Martian dust. This ice deposit, which
retreats in summer months, approaches the surface during winter. Another different situation is seen
in the crater. Olympus Mons, the highest point of the planet Mars, and its surroundings (Home of the
Greek gods) are seen in Figure 6.

(@ | ' (b)
Figure 6. Mars Olympus Mons and its surroundings (18.4N,134W) a) Elevation map b)Visible map

There are subsurface ice deposits at different points of Mars. Studies to date have revealed that these
ice deposits are water ice, not carbon dioxide. However, how these ice deposits formed has not been
fully explained. Representing the load of ice is quite complex. Especially on the planet Mars, there is
ice presence both at the surface and subsurface. However, these ice deposits are covered with Martian
dust and drilling works are still ongoing regarding the depth of the ice deposit. Therefore, except for
some craters on the surface, as seen in Figure 6, it does not seem possible today for the ice covered
with Martian dust at the equator (Lig) and middle latitudes (LIm) to create a load on the structure
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(Equations 10 and 11). In the facilities to be established in the polar regions, the ice load on the
structure can be used as in Equation 9, taking into account the acceleration of gravity on Mars.

Lig=0 (10)

Lim=0 (11)

However, there is a high probability that ice deposits may be located very close to the surface of the
Martian regions where the structure will be built or established. More detailed mapping of ice deposits
on Mars will be of great importance in future research and colonization.

It is known that a space rock hitting the Amazonis Planitia region of Mars caused a 4.0 magnitude
marsquake on the planet Mars. Researchers have observed that the epicenter of the earthquake and
the craters formed overlap each other. They also observed ice around the 150-meter diameter crater
formed on the surface of the planet Mars (NASA, 2021). Although displacement of the ice was not
observed, they photographed that when the space rock hit the planet Mars, the underground ice was
shaken and some of it became visible on the surface (Figure 7).

Figure 7. The impact crater, formed Dec. 24, 2021, by a meteoroid strike in the Amazonis Planitia
region of Mars (Credit: NASA/JPL-Caltech/University of Arizona)

4. Conclusions

Mankind aims to use the necessary materials in the construction of Martian structures in order to
colonize the planet Mars. However, the planet Mars has not yet gone beyond being a very unknown
planet for humanity. With the developing technology and research and investments made in recent
years, some important and remarkable data about Mars has started to be obtained.

Moving mankind to Mars brings with it the need for shelter. Today, it is very difficult to design Mars
structures that can meet the need for safe and permanent shelter and to determine the loads that can
affect these structures. In this study, unlike Earth, the 'ice load‘, which is a design load that can be
considered in the structures to be built on the planet Mars, and the changes that may occur as this ice
load varies according to the latitudes of Mars, were researched. The results obtained are as follows;

e Ice deposits, ice masses that can be seen with the naked eye at the surface in the polar regions
of the planet Mars (especially in the south polar circle), are mixed with dust at different depths
of subsurface around the equator and in mid-latitudes. After dust storms, surface ice becomes
difficult to see with the naked eye, especially in the Arctic Circle.
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e The margin of error of the data obtained through remote viewing is an undeniable fact.
Therefore, more accurate and realistic results will be achieved with more uncrewed vehicles
to be sent to Mars in the coming years.

e Design loads and load combinations can be determined in the light of many years of
experience. More accurate results can be obtained by observing the ice load for many years
and monitoring the direction of ice flow and the thickness of the layers that may form on
Martian surface over time.

e Different ice load coefficients can be determined according to the regions of the planrt Mars,
where new ice masses are discovered every day, and structural loads can be applied more
easily and transparently by preparing load maps according to latitudes or craters.

e Martian weather conditions should be better understood and the effects of structural load
combinations should be observed.

e The spacecraft sent to the planet Mars by the international community cannot approach these
regions because they are not capable of operating in extremely cold environments, especially
in the polar regions. There is a tendency for underground ice in low latitudes to be used only
as a water source for astronauts reaching the planet Mars. Again, there is no research on the
use of craters in low latitudes and ice in high altitudes as building materials.

e |t is known that the thin atmosphere of the planet Mars and the effect of wind affect ice
formation both on Earth and on the planet Mars. In the literature, Soureshjani et al. (2023)
published their research on wind load.

It is an undeniable fact that time and new research are needed to examine new load combinations and
structural loads for the planet Mars.
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Ozet: Balata iiretiminde kullanilan hammaddeler 6zellik ve sinifina gore dort gruba ayrilmaktadir. Bunlar; baglayict,
stirtiinme diizenleyici, destek malzemesi ve dolgu malzemesidir. Sart talas, icerisinde bakir bulunmasi nedeniyle balata
iiretiminde yaygin olarak kullanilmaktadir. Sar1 talas agir vasita araglarda balatanin frenleme sirasinda olusan 1siy1
dagitmasi, yiiksek sicaklikta gerceklesen siirtiinmeye kars1 dayanikli olmasi ve balatanin siirtiinme katsayisini arttirmasi
nedeniyle 6nemli rol oynamaktadir. Fakat yiiksek maliyet ve siirtiinme esnasinda olusan frenleme tozu igerisindeki
bakirin ¢evreye olumsuz etkileri bulunmaktadir. Canlilara ve ¢evreye olumsuz etkileri olan bakir, balata iiretiminden
kaldirilacak hammaddelerden biridir. Bu nedenle balatanin bakirsizlagtirma calismalar1 6nem arz etmektedir. Bu
calismada agir vasita fren balatalarinda bakirsizlastirma igin sari talas yerine Ultimate TS malzemesi kullanilarak balata
formiilasyon ¢alismasi gergeklestirilmistir. Hazirlanan formiilasyon toz metaliirji yontemi olan sicak presleme yontemi
ile agir vasita araglar i¢in balata presleme iglemi gergeklestirilmistir. Balatalar firinlama islemi 6ncesi ve sonrasinda
kimyasal testleri gergeklestirilmistir. Firinlama sonrast tiretilen balatalarin performans 6zellikleri test edildi. Elde edilen
sonuglar dogrultusunda Ultimate TS malzemesi eklenen formiilasyonun siirtiinme katsayisi 0.49 bulunmustur. Test
edilen balata G siirtiinme sinifinda yer almaktadir.

Anahtar Kelimeler: Agir vasita fren balatalari, Asinma, Dinamometre testi, Fren balata tiretimi, Siirtiinme

Investigation of The Effect of Using Ultimate-Ts Instead of Yellow Chips on
Braking Performance of Heavy Vehicle Brake Pads

Abstract: The Raw materials used in lining production are divided into four groups according to their properties and
class. These are binder, friction regulator, support material and filling material. Yellow sawdust is widely used in the
production of brake pads due to the presence of copper in it. Yellow sawdust plays an important role in heavy vehicles
because it dissipates the heat generated during braking, is resistant to high temperature friction and increases the friction
coefficient of the lining. However, the high cost and the copper in the braking dust formed during friction have negative
effects on the environment. Copper, which has negative effects on living things and the environment, is one of the raw
materials to be removed from pad production. For this reason, decopperization studies of the pads are important. In our
study, pad formulation study was carried out using Ultimate TS material instead of yellow sawdust for decopperization
of heavy vehicle brake pads. The prepared formulation was pressed for heavy vehicles by hot pressing method, which
is a powder metallurgy method. Chemical tests were performed on the pads before and after baking process. The
performance properties of the pads produced after baking were tested. In line with the results obtained, the friction
coefficient of the formulation to which Ultimate TS material was added was found to be 0.49. The pad tested is in
friction class G.

Keywords: Brake pad production, Dynamometer test, Friction, Heavy vehicle brake pads, Wear

1. Giris

Otomotiv endiistrisinin gelisiminde ara¢ performansi ve siirlicii gilivenligi 6nemli etkenlerdir.
Araglardaki fren sistemi bu iki faktorii etkileyen temel unsurlardan biridir. Fren sistemi, aract
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kullanan kisinin arag iizerinde tam hakimiyeti saglayarak araci yavaslatma ve durdurmak i¢in ¢ok
onemlidir. Fren sisteminin en 6nemli parcalarindan bir tanesi balatalardir. Balatalar fren siteminin
vazgegilmez bir pargasidir (Borawski, 2019; Gong vd., 2020; Borawski, 2022). Balata hammaddeleri
ozelliklerine gore 4 gruba ayrilmaktadir. Bunlar; baglayici, siirtlinme diizenleyici, destek malzemesi
ve dolgu malzemesidir. Baglayict malzeme olarak genellikle fenolik recineler kullanilmaktadir. Bu
malzemeler balata biinyesinde bulunan hammaddeleri bir arada tutarak kararli bir matris yapisi
olusturmaktadir. Siirtlinme diizenleyici malzemeler grubunda yer alan asindirici ve yaglayici
malzemeler, balatanin siirtinme katsayisini arttirma ve titresim sonlimleme gibi 6zellikleri
kazandirmak amaciyla kullanilmaktadir. Destek malzemesi; balatanin mekanik 6zelliklerini ve termal
dayanikliligimmi arttirmak i¢in kullanilmaktadir. Dolgu malzemesi; maliyeti diisiirmek ig¢in
kullanilmaktadir (Osterle vd., 2014; Yavuz ve Bayrakgeken, 2022; Yavuz, 2023)

Giiniimiizde teknolojideki geligsmelerle birlikte araglarin agirlik ve hiz gibi parametreleri aktif degisim
gostermektedir. Bu gelisim, fren sistemlerinin dogaya ve insanlara zarar vermeden, daha etkili ve
dinamik ¢aligmasina ihtiya¢ duyulmaktadir. Bu dogrultuda giincel fren sistemlerinin yesil liretimle
birlikte ¢cevre ve insan saglifina zarar vermeden daha etkili ve dinamik sekilde ¢aligma ihtiyact
dogmaktadir (Bashir vd., 2019; Bashir vd., 2021; Kholil vd., 2021; Pujari ve Srikiran 2019). Bu
noktada balata liretim sektoriinde kullanilan malzemelerin gelismesi ve sagliga zarar vermeyen
organik malzemelerin kullanimi ile gerekli ihtiyaclar karsilanmaktadir. Balata tiretiminde kullanilan
hammaddeler gerekli ihtiyaclara gore degistirilerek yeni kompozit balatalar iiretilmektedir.
Balatalarin 6zelliklerinin incelenmesi ve gelistirilmesi amaciyla balata tiretiminde alternatif malzeme
kullanimu ile ilgili birgok literatiir ¢aligmas1 bulunmaktadir (Kumar vd., 2019; Gawende vd., 2020;
Rajan vd., 2021; Krishnan vd., 2019; Jang vd., 2004).

Bashir vd. (2019) balatanin termal stabilitesini arttirmak amaciyla olusturduklar1 formiile 4 farkli
oranda (%0, %7, %14 ve %21) muz lifi eklemis ve balata iiretimini gerceklestirmislerdir. Uretilen
balatalar yiiksek sicaklik ve yiiksek yliklemede test edilerek termal stabilitelerini TGA
(Termogravimetrik analiz) ve DSC (Diferansiyel Taramali Kalorimetre) ile kontrol etmislerdir.
Yapilan testler sonucunda %7 katkili balatanin termal stabilitesinin 6nemli Ol¢iide arttigini
gozlemlemiglerdir.

Pujari ve Srikiran (2019) sagliga ve dogaya zarar1 bulunan asbest yerine hurma g¢ekirdegi, siirtiinme
katsayisini arttirmak i¢in nil giilii ve asinma oranini azaltmak icinse bugday lifi kullanarak balata
lizerindeki etkilerini arastirmislardir. Urettikleri balatalara aginma, yag ve sertlik testi yaparak
elyaflarin balata liretiminde alternatif olabilecegini belirlemislerdir.

Kumar vd. (2019) kenevir lifi kullanarak balatanin fiziksel, mekanik ve tribolojik ozelliklerini
incelemislerdir. Hazirladiklar1 formiilasyona agirlik¢a %S5, %10, %15, %20 oranlarinda kenevir lifi
ekleyerek 4 farkli formiilasyona sahip balata iiretimi gerceklestirmislerdir. Kenevir lifi oraninin
artistyla sertlik, yogunluk ve kiil miktarinin azaldigini, ancak sikistirilabilirlik, gézeneklilik ve su
emme gibi Ozelliklerinin arttigini goézlemlemislerdir. Ayrica %5 agirlikli kompozitin en yiliksek
stirtlinme performansini, en yiiksek solma direncini ve en diisiik aginma sergiledigini saptamislardir.

Rajan vd. (2021) hindistan cevizi ve ciiruf atiklari ile tirettikleri farkli kombinasyonlardaki balatalarin
tribolojik, fiziksel ve mekanik ozelliklerini arastirdilar. Yapilan analizler sonucunda yogunluk,
sertlik, kayma mukavemeti ve kiil miktarinin azaldigini saptamislardir. Ayrica hindistan cevizi lifinin
artmastyla aginmanin da arttigin1 gézlemlemislerdir.

Yapilan literatiir aragtirmasi sonucunda balata iiretiminde kullanilan hammaddelerin ¢evreye ve insan

sagligina olumsuz etkilerinden dolay: alternatif hammadde arayislarina yonelim artmistir. Balata

icerisinde bulunan sar1 talas her ne kadar yiiksek 1s1 iletkenligi, 1s1 dagilimi ve yiiksek sicakliklarda

yaglama Ozelligi olsa da hem maliyetli olmasi hem de i¢inde bakir olmasi nedeniyle basta deniz
25
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canlilar1 olmak tizere ¢evreye biiylik zarar vermektedir (Jang vd., 2004; Kalel vd., 2021). Bu nedenle
calismamizda Beser Balatacilik San. ve Tic. A.S. biinyesinde agir vasita fren balatalar i¢in sari talag
yerine maliyet diisiirmek ve daha cevreci kompleks metal siilfit malzemesi olan Ultimate TS
eklenerek yeni formiilasyon ¢alismasi yapildi. Hazirlanan bu formiilasyon baz alinarak toz metaliirji
yontemi ile Ultimate TS icerikli balata liretimi gergeklestirildi.

2. Materyal ve Metot
Agir vasita araclar icin balata sacinin pres ile kesimi gerceklestirildi. Uretilen saclar hazirlanan

harman ile yapigma ylizey alaninm arttirmak i¢in balata yapisma ylizeyine perfore; punto kaynak ile
birlestirildi ve basildi. Perforeli saclar Sekil 1’de yer almaktadir.

fiad 52
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Sekil 1. Perforeli sac

Balata iiretimi i¢in hazirlanan karisim formiilasyonu Tablo 1’°de yer almaktadir.

Tablo 1. Balata igerigini olusturan malzeme ve oranlari

Hammadde Adi Agirhik (%)
Aramid 0.5-2
Regine 3-6
Aliiminyum Oksit 0.5-2
Cinko Tozu 5-15
Celik Yiini 30-45
Kiikiirt 0.5-1
Zirkon Kumu 3-8
Grafit 7-15
Barit 3-5
Ince Petrol Koku 5-10
Antimontristlfit 2-5
Ultimate TS 2-4

Hazirlanan formiilasyonda sar1 talas yerine agirlik oran1 degistirilmeden Ultimate TS eklenmistir.
Karigim hazirlama islemi sirasinda aramid elyafin hacminin yiliksek olmasi nedeniyle tek bagina
helezon tipi karistiricida 60 RPM’de 2 dakika karistirilarak elyafin agilmasi saglandi. Ardindan diger
hammaddeler eklenerek 6 dakika daha karistirilarak balata karisimi hazirlandi. Hazirlanan karigimin
bulk yogunlugu, aseton ve kiil testleri gergeklestirilerek karisimin kimyasal 6zellikleri incelendi.
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Karigimin, toz metaliirji yontemi ile sicak pres cihazi kullanilarak presleme gergeklestirildi. Pres

parametreleri Tablo 2’de yer almaktadir.

Tablo 2. Balata presleme parametreleri

Gosterge Basinci (bar) 150
Deney Basinci (bar) 495
Sicaklik (°C) 150

Preslemesi gerceklestirilen balatalar firinlama islemi igin 125°C’den kademe kademe 25°C
arttirilarak 200°C’ye kadar sicaklik artis1 gerceklestirilmis ve 6 saat boyunca firinlanmaistir. Firinlama
sonrasi balatalarin kimyasal testleri (aseton, kiil, yogunluk ve kalinlagsma degerleri) ve fiziksel testleri
(stirtlinme ve asinma degerleri) gerceklestirildi. Chase siirtiinme cihazi kullanilarak SAE J661 ve TSE
555 standartlarina uygun olarak test edilmistir (TSE 555, 2019; SAE J661, 2021). Siirtiinme ve

Asinma test cihazlar1 Sekil 2 ve 3’te yer almaktadir.

Sekil 3. Asinma test cihaz1 ve numune gorseli
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Siirtiinme testi i¢in firin sonrasi balata kare seklinde kesilerek test numunesi hazirlandi. Numune
balatanin asinma oranlarinin belirlenebilmesi i¢in test oncesi agirligr 6lgiildii. Siirtiinme testi 6ncesi
balata numunesine zimpara yardimiyla yiizey alistirma yapildi. Numune aginma test cihazina takildi
ve SAE J661 standardina uygun test yapildi.

Kalinlagsma testi i¢in balatanin disk ile temas etme yiizeyi zimparalandi ve ortam sicakliginda
balatanin 5 farkli noktasindan kumpas ile kalinlik dl¢iimii yapildi. Kalinlagma testi i¢in balata
300°C’de 10 dakika boyunca firinda bekletildi ve deney sonrasi belirlenen 5 noktadan tekrar dlgiilerek
kalinlik farki elde edilmis ve kalinlasma orani bulunmustur.

3. Bulgular ve Tartisma

3.1.  Fren Balatasimin Kimyasal Ozellikleri

Balatanin kimyasal 6zellikleri, icinde bulunan hammadde bilesiklerine ve iiretim parametrelerine
gore degisiklik gosterebilmektedir. Bu durum aracin performansini, asinma direncini ve siirtiinme
katsayist gibi Ozelliklerini etkilemektedir. Tablo 3’te balatanin firinlama 6ncesi ve sonrast yapilan

kimyasal test sonuglarina yer verilmistir.

Tablo 3. Karigimin kimyasal 6zellikleri

Yapilan Analiz Firin Oncesi Firin Sonrasi
Yogunluk (g/cm?®) 2.85 2.78
Aseton Ext. (%) 7.80 1.74
Kiil miktar1 (%) 86.11 87.57
Kalinlagma (%) - 0.32

Kalinlagsma testi sonucu %0.32 bulunmustur. Referans alinan standartta maksimum kalinlasma %1
olarak verilmistir. Balata kalinlagsmasinin elde edilen test sonucu standart deger araliginda oldugu
saptanmugtir (TS 555, 2019).

3.2.  Fren Balatasinin Performans Testleri

Sar1 talas ytiksek 1s1 iletkenligi ve yiiksek mukavemet 6zelliklerine sahip olmasi nedeniyle balatanin
sirtiinme ve asinma degerleri i¢cin 6nemli rol oynamaktadir. Fakat yiiksek maliyetli ve saglik
acisindan tehlike arz etmesi nedeniyle agir vasita fren balata igeriginde ilerleyen siirecte ¢ikarilacagi
diistiniilen malzemedir (Barros vd., 2019). Yapilan ¢alismada sar1 talas malzemesine alternatif olarak
TS Ultimate malzemesi kullanmilmistir. Sekil 4’te tiretilen balatanin frenleme sayisina bagli olarak
siirtinme katsayist degisimi yer almaktadir.

Balatanin siirtlinme katsayisint belirlemek i¢in 80 frenleme yapilmistir. Siirtiinme katsayisinin
frenleme sayisina karsilik gelen degerler incelendiginde (Sekil 4) 60 frenlemeye kadar siirtiinme
katsayisinda artis gozlenmektedir. 60 frenlemeden sonra balatanin siirtinme katsayr degeri 80
frenlemeye yaklastikca stabil hale gelmis ve 80 frenleme sonucu siirtiinme katsayis1 ortalama 0.49
olarak bulunmustur. Balatanin 0.49 siirtiinme katsayisi ortalamasi ile G siirtlinme sinifinda oldugu
belirlenmistir (SAE J661, 2021).
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Sekil 4. Balata siirtiinme katsayisi

Frenleme ile birlikte balatanin diske temas etmesiyle disk sicaklig1 artmakta ve siirtiinme katsayisinin
stabil degerlere ulagmasi ile birlikte diskte olusan sicaklikta stabil hale gelmektedir. Sekil 5’te
stirtiinme katsayisinin diskte olusan sicaklik ile karsilastirilmasi yer almaktadir.
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Sekil 5. Siirtlinme katsayisi-sicaklik karsilagtiriimasi

Sekil 5 incelendiginde; frenleme islemi gergeklestirildiginde siirtinmeden kaynakli sicaklikta ani
artts gozlemlenmistir. Balatanin disk yiizeyine alismasi ve siirtlinme katsayisinin stabil degere
ulagmasi ile sicaklik degeri ortalama 133°C olarak 6l¢iilmiistiir. Siirtlinme katsayisinda gerceklesen
dalgalanmalar, frenleme aninda kalinlikk nedeniyle sicakligin siirekli degismesinden
kaynaklanmaktadir. Bu etki, elde edilen degerlerin siirekli olarak azalmasina ve artmasina neden
olmaktadir (Sugdzii, 2018). Asinma testi oncesi ve sonrasinda balatanin kalinlig1 ve agirligi 6l¢tilmiis
ve asinma miktar1 belirlenmistir. Elde edilen sonuglar Tablo 4’te yer almaktadir.
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Tablo 4. Balatanin aginma testi dncesi ve sonrasi agirlik ve kalinlik degerleri

Agirlik (g) Kalinlik (mm)
Asinma Oncesi 78.47 10.06
Asinma sonrasi 77.40 9.94
Fark 1.07 0.12

Gergeklestirilen deney sonrasi balatanin agirhiginda %1.13, kalinliginda ise %1.19 azalma
gozlemlenmistir.

4. Sonuglar

Bu calismada, maliyeti yiliksek olan ve igerisinde bakir bulunmasi nedeniyle dogaya zarar1 bulunan
sar1 talasin balatada kullaniminin kaldirilmasi ve yerine alternatif malzeme olarak diisiiniilen Ultimate
TS malzemesinin kullanimi  gerceklestirilmigtir.  Ultimate TS igerikli balata iretimi
gerceklestirilmistir. Uretilen balatanin fiziksel ve kimyasal 6zelliklerini belirlemek igin testler
gergeklestirilmis ve silirtlinme sinifi belirlenmistir. Yapilan testlerden elde edilen sonuglar asagida
belirtilmistir.

e Ultimate TS malzemesinin yogunlugu 4.4 g/cm®tiir. Bakir’in yogunlugundan az olmasi
nedeniyle balata yogunlugunda azalma meydana gelmistir. Fakat elde edilen balata yogunlugu
standart degerlerdedir.

e Kalinlagma testi %0.32 olarak bulunmustur. Balata kalinlasma degeri %1’in altinda oldugu
icin standart degerler icerisindedir.

e Performans testleri sonucunda balatanin siirtiinme katsayisinin belirli bir frenleme sayisindan
sonra sabit kaldig1 belirlenmistir.

e Siirtiinme testi sonucunda agirligin %1.13, kalinligin ise %1.19 azaldig1 gozlemlenmistir.

e Agir vasita fren balatalarinda binek balatalara kiyasla siirtinme kuvvetinin daha ytiksek
olmasi1 beklenmektedir. Performans testleri sonucunda ortalama siirtiinme katsayis1 0.49
olarak bulunmustur ve G siirtiinme sinifinda yer almaktadir.

e Agirvasita fren balatalarinda Ultimate TS malzemesinin kullanilmasi frenleme performansini
olumlu etkilemistir.

Cikar catismasi
Yazarlar ¢ikar catismasi olmadigini beyan etmektedir.
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Ozet: Bu caligmada, gida sektoriinde kullamlan bazi kimyasallarin (karbonat, ali¢ ve iiziim sirkesi) Honduras
Rosewood (Dalbergia stevensonii Standl.) ahsabinda (6z ve diri odun kisimlari {izerinde) renk agma kimyasali olarak
kullanilmis olunup, meydana gelen yilizey degisimleri arastirilmistir. Muamele edilmis ve edilmemis yiizeylere ait
sonuglar birbirleriyle kiyaslanmistir. Sonuglara gore, varyans analizleri biitiin testler {izerinde anlamli olarak tespit
edilmistir. AE* degerleri 6z odunda iiziim sirkesi + karbonat ile 5.35 ve ali¢ sirkesi + karbonat ile 3.41 bulunurken,
diri odunda iiziim sirkesi + karbonat ile 8.41 ve alig sirkesi + karbonat ile 8.48 olarak belirlenmistir. iki farkli ¢ozelti
ile 6z ve diri odunda L* degerlerinde azalislar belirlenirken, b* degerlerinde artiglar goriilmiistiir. a* degerinde 6z ve
diri odunlarda iiziim sirkesi + karbonat ¢6zeltisi ile artarken, ali¢ sirkesi + karbonat ¢ozeltisi ile azalmistir. Buna ek
olarak her iki yonde WI* degerleri 6z ve diri odunlarda hazirlanan ¢ozeltiler ile azalmigtir.

Anahtar Kelimeler: Beyazlik indeksi, Dalbergia stevensonii Standl., Honduras Rosewood, Karbonat, Renk, Sirke

A Study on the Use of Some Chemicals Used in the Food Sector as Color-
Changing Chemical for Honduras Rosewood (Dalbergia stevensonii Standl.)
Wood

Abstract: In this study, certain chemicals used in the food industry (carbonate, hawthorn, and grape vinegar) were
employed for color lightening purposes on Honduras Rosewood (Dalbergia stevensonii Standl.) wood (on both
heartwood and sapwood sections), and the resulting surface changes were investigated. The results of treated and
untreated surfaces were compared with each other. According to the results, variance analyses revealed significant
differences across all tests. In heartwood, the AE* values were determined as 5.35 for grape vinegar (A) + carbonate
and 3.41 for hawthorn vinegar (B) + carbonate. In sapwood, the AE* values were determined as 8.41 for grape vinegar
(A) + carbonate and 8.48 for hawthorn vinegar (B) + carbonate. A decrease in L* values and an increase in b* values
were observed in both heartwood and sapwood with two different solutions. In heartwood and sapwood, the a* values
increased with grape vinegar (A) + carbonate solution, while they decreased with hawthorn vinegar (B) + carbonate
solution. Additionally, in both directions, the WI* values decreased in heartwood and sapwood with the solutions
prepared.

Keywords: Carbonate, Color, Dalbergia stevensonii Standl., Honduras Rosewood, Vinegar, Whiteness index

1. Giris

Ahsap, birkac fiziksel 6zelligi nedeniyle umut verici bir insaat malzemesidir. Yiiksek mukavemet-
agirlik oranina sahip hafiftir. Yangin durumlarinda oldukca ongoriilebilir davranis sergiler, deprem
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bolgelerinde iyi performans gosterir. Diisiik ¢evresel etkiye sahiptir ve prefabrik binalar icin
kullanim1 kolaydir (Wimmers, 2017).

Aydinlatmanin etkisiyle ahsabin renk degisimi, ahsabin rengini degistiren ekstraktifler olan
kinonlarin tiretimi ile iliskilidir. Bu, oksidasyonla ligninin bozulmasindan sonra baglar. Bu nedenle,
yumusak odunlara gore sert odunlar, daha diistik lignin i¢eriginden dolay1 renk degisimine kars1 daha
direngli olarak kabul edilir (Mitsui ve Tsuchikawa, 2005).

Sirke genellikle yemek hazirliginda baharat ve koruyucu olarak kullanilir ve bazen igecek olarak da
tiketilir (Tesfaye vd., 2002). Sirke, diinya ¢apinda sadece birka¢ asidik sosdan biridir.
Hammaddelerine gore, sirke genellikle tahil sirkesi olarak diistiniilebilir, bugday, piring, sorgum veya
diger tahillarin ham maddeler olarak kullanildig1 tahil sirkesi veya meyve sirkesi olarak, iiziim veya
elma gibi meyvelerin hammaddeler olarak kullanildigi meyve sirkesi seklinde olabilir (Chen vd.,
2016). Sirke genellikle melas, hurma, elma ve sarap gibi hammaddelerden yapilmaktadir (Johnston
ve Gaas, 2006; Antoniewicz vd., 2022).

Karbonat, bir¢ok topragin dogal bir bilesenidir ve genellikle kalsit olarak CaCO3 (kalsit) veya CaCOs3
ve MgCOs (dolomit) gibi az ¢dziinen, alkali toprak karbonatlar1 olarak mevcuttur. Kalsit veya
dolomitik kiregtaslari, killi topraklar iizerinde degisiklikler yapmak i¢in siklikla kullanilir. Kirectasi
parcaciklari1 veya pedolojik karbonatlar seklinde olsun, karbonat mineralleri genellikle toprak i¢cinde
homojen olarak dagilmazlar. Bu nedenle, karbonat i¢in analiz edilecek tiim toprak Ornekleri, alt
ornekleme hatalarini en aza indirmek icin ince 6giitiilmelidir (Allison ve Moodie, 1965).

Pantropikal Dalbergia L.f. cinsine ait agac tiirleri, yerel ve uluslararasi kereste pazarlarinda uzun
siiredir biiyiik 1lgi géormektedir. Olaganiistii giizellikleri ve miikemmel fiziksel ve mekanik 6zellikleri
nedeniyle, bazilar tercih edilen keresteler olarak 300 yildan fazla bir siiredir ticarette bilinmektedir
ve her tirlii dolap isi, kaliteli mobilya, kesici aletler ve miizik aletleri i¢in tercih edilmektedir. Diinya
genelinde tropikal bolgelere yayilmig yaklagik 100 Dalbergia agact ve ¢alist tiirii bulunmaktadir
(Mabberley, 1987; Richter vd., 1996).

Giil agaci tiirleri, dokulariyla ¢ok ¢esitli renk tonlar1 sunmalari nedeniyle ahsap isleme endiistrisinde
biiyiik takdir goriirler; kahverengi, mor-kahverengi, kirmizi, kizillik-kahverengi, kizillik-mor, siyah,
acik kirmizi, agik mor ve sar1 gibi. Giil agacinin mekanik ve fiziksel 6zellikleri endiistriyel kullanim
veya gesitli 6zel ahsap iiriinlerin iiretimi (6rnegin, miizik aletleri) icin son derece uygundur (Culik
vd., 2015).

Honduras rosewood (Dalbergia stevensonii Standl.) iyi teknik nitelikleri, renk ve lif bakimmdan
zenginligi ve genellikle hos kokusu ile tiim diinyada marangoz ve digerleri tarafindan bilinen yaklagik
15 giil agaci kerestesinden olusan bir gruptan birisidir. Giil agaglart Orta Amerika’nin en onemli
agaclar1 arasindadir. Tropikal Amerika’da en az yedi tlir ve muhtemelen daha fazlas1 ekonomik

oneme sahiptir. Bunlardan birisi olan, Honduras giil agaci, ticarette en az 100 yildir bilinmektedir
(Record ve Hess, 1943).

Agag 15 ila 30 m yiikseklige ulasir ve genellikle yerden yaklasik 6 veya 7,5 m catallanir. Govde
yivlidir. Kaba kagit kabugu yaklasik 0,6 cm kalinhigindadir. Pullu dis kisim rengi soluk
kahverengimsi griden soluk sari-kahverengimsi griye degisir. Yeni kesildiginde kabugun kendine
0zgii bir kokusu ve biraz aci bir tad1 vardir. Kurutulmus agag¢ kabugu kolayca ince bir kat1 dig katmana
ve alisilmadik benekli bir i¢ kisma ayrilir (Stevenson, 1927). Agaclarin ¢ap1 0,9 m’ye ulasir (Anonim,
1955).

Odun ¢ok sert ve agirdir. Diri odun genellikle 2,5 ila 5 cm kalinligindadir ve 6z odundan keskin bir
sekilde ¢izilmistir. Ik kesildiginde sar1 damar ¢izgileriyle isaretlenmistir (Anonim, 1945). Ahsabin
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kontrol etme ve ayrilma egilimi gostererek yavasca olgunlastig1 bildirilmektedir. Orman Uriinleri
Arastirma Laboratuvar1 Firin Programi 3 tavsiye etmektedir (Stevens ve Pratt, 1952).

Sertlik bu kerestenin islenmesini biraz zorlastirir. Kesilmesi ve islenmesi orta derecede zordur; kesme
kenarlarin1 diger bir¢ok agagtan daha kolay matlastirir. Iyi diizlemseldir ancak planya sirasinda
titresimi 6nlemek icin giivenli bir sekilde tutulmalidir. Ozellikle kenetlenmis veya dalgali damarl
ahsap i¢in planya bigaklarinda 20 derecelik bir kesme agis1 Onerilir. Cok yagli 6rneklerle ilgili bazi
sorunlar disinda mitkemmel tornalama ve iyi bitirme saglar. Ancak yiiksek dogal cila almaz (Woods,
1951).

Yogunlugu nedeniyle, tiir, ¢algi aletlerinin iiretimi i¢in ideal olmasi nedeniyle uluslararasi talebi
yiiksek oldugu bildirilmistir. Kemanlar i¢in parmak tahtalari ve hatta bigak saplar1 gibi kullanim
alanlarina sahiptir (Flynn, 1994). Oz odun, zeminle temas halinde olduk¢a dayaniklidir (Horn, 1918;
Record, 1942).

Ahsabinda; vesseller arasi engel ¢ap1 8-10 um (Richter vd., 1996), radyal yonde daralma %2.90, teget
yonde daralma %@4,60, boyuna yonde daralma %0,34 ve hacimsel daralma %8,50 (Wangaard vd.,
1955), 1if boyunca ses hiz1 4936 m/s, akustik ozelligi m* kgt.s?, elastikiyet modiilii 24190 MPa,
yogunlugu 992 kg/m® (Danihelova vd., 2015) olarak belirlenmistir.

Bu calismada, gida sektoriinde kullanilan karbonat ve sirke (ali¢ ve iiztim) kimyasallarinin Honduras
Rosewood (Dalbergia stevensonii Standl.) ahsabi tizerinde (6z ve diri odun kisimlari tizerinde) renk
acma islemi olarak kullanilmasi sonrasinda elde edilen ylizey degisimleri arastirilmistir.

2. Materyal ve Metot

2.1. Materyal

2.1.1. Ahsap Malzeme

Honduras Rosewood (Dalbergia stevensonii Standl.) odunu 100 x 100 x 15 mm boyutlarinda
hazirlanmistir. Numuneler tizerinde iklimlendirme uygulamalar1 yapilmistir (20+£2°C ile %65 bagil
nem) (ISO 554, 1976).

2.1.2. Gida Sektoriinde Kullanilan Bazi Kimyasallar

Karbonat ve farkli 2 tiir sirke [iliziim (sodyum metabisiilfit katkili) ve ali¢ (doymus seker %0,17,
karbonhidrat %1, yag %0,05, tuz %0,07, doymus yag %0,02 ve protein %0,30)] kimyasallar1 bu
calismada kullanilmustir.

2.2. Metot

2.2.1. Renk Degistirme Uygulamasinin Yapilmasi

2 farkli tiirde hazirlanan ¢ozeltiler [S0 mlt {iziim sirkesi + 5 gr karbonat ve 50 mlt ali¢ sirkesi + 5 gr
karbonat] bir firga yardimiyla ahsap malzeme yiizeylerine tek kat olarak uygulanmastir.

2.2.2. Shore D Sertlik Degerinin Belirlenmesi
Shore D sertlik degeri shore metre cihazinda (ASTM D 2240, 2010) yapilmustir.
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2.2.3. Renk Ozelliklerinin Belirlenmesi

Renk degisimleri, CS-10 cihazi kullanilarak dl¢iilmiistiir (ASTM D 2244-3, 2007). Literatiirde AC*:
kroma kismi veya doygunluk farki ve AH*: ton boliimii veya golge farki olarak tanimlanmistir
(Lange, 1999). AL*, Aa*, Ab* ve AC* degerlerine ait tanimlamalar (Lange, 1999) Tablo 1’de ve AE*
degerlendirmesi i¢in kiyaslama kriterleri (DIN 5033, 1979) Tablo 2’de verilmistir.

Tablo 1. AL*, Aa*, Ab* ve AC* degerlerine ait tanimlamalar (Lange, 1999)

Parametre Pozitif durumda Negatif durumda
AL* Referanstan daha agik Referanstan daha koyu
Aa* Referanstan daha kirmizi Referanstan daha yesil
Ab* Referanstan daha sar1 Referanstan daha mavi
AC* Referanstan daha net, daha parlak Mat, referanstan daha bulamk

Asagidaki formiiller ile toplam renk farkliliklarina ait sonuglar belirlenmistir.

C* = [(a%)? + (%)% )
h° = arctan (b* / a*) 2
AC* = (C*islem gbrmis ~ C*islem gérmemi$) (3)
Aa* = (a*islem gormiis = a*islem gérmemis) (4)
AL* = (L*islem gormiis = L*islem gérmemi$) (5)
Ab* = (b*islem gormiis ~ b*islem gérmemis) (6)
AH* = [(AE*)? - (AL*Y? - (A8 ™
AE* = [(AL*)Z + (Aa*)z + (Ab*)2]0'5 (8)
Tablo 2. AE* degerlendirmesi i¢in kiyaslama kriterleri (DIN 5033, 1979)
Toplam renk farki (AE*) Gorsel renk puani farki
<0.2 Algilanamaz
0.2ila0.5 Cok zay1f
0.5ilal5 Zayif
1.5ila 3.0 Belirgin
3.0ila6.0 Cok belirgin
6.0ila12.0 Giiglii
>12.0 Cok giiglii

2.2.4. Beyazlik Indeksi (WI*) Ozelliklerinin Belirlenmesi

Whiteness Meter BDY-1 cihazinda beyazlik indeksi (WI*) degerleri belirlenmistir (ASTM E313-
15e1, 2015).

2.3. Istatistiksel Analiz

Bir istatistik programui ile standart sapmalari, maksimum ve minimum degerleri, ortalama degerleri,
homojenlik gruplari, varyans analizleri ve yiizde (%) degisim oranlar1 hesaplanmistir.
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3. Bulgular ve Tartisma

Varyans analizi sonuglar1 Tablo 3’te verilmistir. Bu sonuglara gore, biitiin testler tizerinde odun kismi
(A), ¢ozelti tiirii (B) ve etkilesim (AB) anlamli olarak belirlenmistir (Tablo 3).

Tablo 4’te beyazlik indeksi (WI*) degerlerine ve renk parametrelerine ait belirlenmis olan 6lgiim
sonuclar1 sunulmaktadir.

Tablo 3. Varyans analizi sonuglari

Varyans Kareler Serbestlik Ortalama F
Kay)rllagl Test Toplamu Derecesi Kare Degeri 0=0.05
Isiklilik (L*) 7480.103 1 7480.103 | 20155.575 0.000*
Kirmizi (a*) renk tonu 226.204 1 226.204 3060.520 0.000*
Odun Sar1 (b*) renk tonu 1582.094 1 1582.094 9773.964 0.000*
Kismi Kroma (C*) 995.441 1 995.441 5970.690 0.000*
(A) Ton (h°) agisi 6919.997 1 6919.997 9424.735 0.000*
Beyazlik indeksi L 2381.400 1 2381.400 | 29120.380 0.000*
Beyazlik indeksi || 926.694 1 926.694 | 15054.596 0.000*
Isiklilik (L*) 299.908 2 149.954 404.059 0.000*
Kirmizi (a*) renk tonu 27.210 2 13.605 184.077 0.000*
Cozelti Sar1 (b*) renk tonu 159.834 2 79.917 493.717 0.000*
Tiirti Kroma (C*) 159.526 2 79.763 478.422 0.000*
(B) Ton (h°) agisi 231.769 2 115.884 157.830 0.000*
Beyazlik indeksi L 674.044 2 337.022 4121.193 0.000*
Beyazlik indeksi || 287.737 2 143.869 2337.217 0.000*
Igiklilik (L*) 27.171 2 13.585 36.607 0.000*
Kirmizi (a*) renk tonu 2.113 2 1.057 14.296 0.000*
Etkilesim Sari (b*) renk tonu 131.919 2 65.959 407.489 0.000*
(AB) Kroma (C*) 132.658 2 66.329 397.843 0.000*
Ton (h°) agisi 39.904 2 19.952 27.174 0.000*
Beyazlik indeksi 1 157.764 2 78.882 964.590 0.000*
Beyazlik indeksi || 146.572 2 73.286 | 1190.567 |  0.000*
Isiklilik (L*) 20.040 54 0.371
Kirmiz1 (a*) renk tonu 3.991 54 0.074
Sar1 (b*) renk tonu 8.741 54 0.162
Hata Kroma (C*) 9.003 54 0.167
Ton (h°) agis1 39.649 54 0.734
Beyazlik indeksi L 4.416 54 0.082
Beyazlik indeksi || 3.324 54 0.062
Isiklilik (L*) 169941.407 60
Kirmizi (&%) renk tonu 3011.389 60
Sari1 (b*) renk tonu 22154.257 60
Toplam Kroma (C*) 25169.198 60
Ton (h°) agisi 280336.386 60
Beyazlik indeksi L 14544.880 60
Beyazlik indeksi || 5226.760 60
Isiklilik (L*) 7827.222 59
Kirmizi (&%) renk tonu 259.519 59
Diizeltilmis Sar1 (b*) renk tonu 1882.587 59
Toplam Kroma (C*) 1296.628 59
Ton (h°) agis1 7231.319 59
Beyazlik indeksi L 3217.624 59
Beyazlik indeksi || 1364.327 59
*: Anlamli
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Tablo 4. Olgiim sonuglar

g © = © = - s IS c -

- @ 7 eE= £ S c s 88 = =2 S
g | M Cozelti Tiirii ?; S| 9| 2z |25 S5 E ?,. £ ?,. gz
S od| EE| RE |EC| 85| EC | €0 | 85
8 O w ey :% n S S S
Kontrol (uygulama yok) 10 43.63 - D 0.44 | 43.14 | 44.54 1.00

) Uziim sirkesi + karbonat 10 38.36 | |12.08 | F** | 0.50 | 37.26 | 39.09 1.29

_k Alig sirkesi + karbonat 10 40.45 17.29 E 0.48 | 39.74 | 41.15 1.19
- _ Kontrol (uygulama yok) 10 66.62 - A* 1.01 65.24 | 67.97 1.51
-5 Uziim sirkesi + karbonat 10 61.92 17.05 B 0.43 61.20 | 62.71 | 0.69

Alig sirkesi + karbonat 10 60.90 18.59 C 0.60 | 59.84 | 61.64 | 0.98

Kontrol (uygulama yok) 10 8.83 - B 0.28 8.13 9.09 3.13

) Uziim sirkesi + karbonat 10 9.69 19.74 A* 0.31 9.30 10.25 | 3.22

-)< Alig sirkesi + karbonat 10 7.63 113.59 C 0.25 7.13 7.94 3.34
© _ Kontrol (uygulama yok) 10 4.70 - E 0.29 4.32 5.06 6.07
-S Uziim sirkesi + karbonat 10 5.52 117.45 D 0.21 5.12 5.91 3.87

Alig sirkesi + karbonat 10 4.28 18.94 F** 0.28 3.73 4.64 6.53

Kontrol (uygulama yok) 10 13.04 - E** | 0.23 1251 | 13.35 1.76

:5 Uziim sirkesi + karbonat 10 13.44 13.07 D 0.27 13.03 13.86 1.99

-)< Alig sirkesi + karbonat 10 13.26 11.69 DE 0.45 12.53 | 13.85 3.36
< _ Kontrol (uygulama yok) 10 19.13 - C 0.49 18.26 | 19.75 2.54
-S Uziim sirkesi + karbonat 10 26.05 | 136.17 | A* 0.58 25.33 | 27.23 2.22

Alig sirkesi + karbonat 10 25.37 | 132.62 B 0.28 24.89 | 25.84 1.11

Kontrol (uygulama yok) 10 15.75 - E 0.26 15.18 | 16.03 1.66

:5 Uziim sirkesi + karbonat 10 16.57 15.21 D 0.21 16.26 16.99 1.29

* Alig sirkesi + karbonat 10 15.30 12.86 F** | 0.42 1454 | 15.85 2.73
o _ Kontrol (uygulama yok) 10 19.70 - C 0.53 18.76 | 20.39 2.71
-5 Uziim sirkesi + karbonat 10 26.63 | 135.18 | A* 0.60 25.84 | 27.86 2.26

Alig sirkesi + karbonat 10 25.73 | 130.61 B 0.25 25.31 | 26.17 0.99

Kontrol (uygulama yok) 10 55.90 - E 0.91 55.14 | 58.29 1.63

S Uziim sirkesi + karbonat 10 54.21 13.02 F** | 1.21 51.92 | 56.08 2.23

o Alig sirkesi + karbonat 10 60.07 17.46 D 111 | 58.62 | 62.61 1.85
< _ Kontrol (uygulama yok) 10 76.20 - C 0.55 75.47 | 77.01 0.72
-5 Uziim sirkesi + karbonat 10 78.00 12.36 B 0.35 7744 | 78.56 0.45

Alig sirkesi + karbonat 10 80.43 15.55 A* 0.68 79.44 | 81.69 0.84

Kontrol (uygulama yok) 10 9.76 - D 0.20 9.40 9.90 2.00

» S Uziim sirkesi + karbonat 10 5.22 146.52 | F** 0.08 5.10 5.30 151
" Alig sirkesi + karbonat 10 7.34 124.80 E 0.05 7.30 7.40 0.70
= _ Kontrol (uygulama yok) 10 26.94 - A* 0.61 26.30 | 28.00 2.26
-5 Uziim sirkesi + karbonat 10 15.74 | |41.57 C 0.22 15.40 | 15.90 1.38

Alig sirkesi + karbonat 10 17.44 | |35.26 B 0.16 17.20 | 17.60 | 0.90

Kontrol (uygulama yok) 10 5.84 - D 0.20 5.50 6.00 3.44

. Q Uziim sirkesi + karbonat 10 2.66 15445 | F** | 0.05 2.60 2.70 1.94
P Alig sirkesi + karbonat 10 3.78 135.27 E 0.15 3.60 3.90 4.10
= _ Kontrol (uygulama yok) 10 15.84 - A* 0.24 15.40 | 16.00 1.49
-5 Uziim sirkesi + karbonat 10 12.80 | [19.19 B 0.32 12.20 | 13.00 2.50

Alig sirkesi + karbonat 10 7.22 154.42 C 0.38 6.80 7.60 5.26

*: En yiliksek sonug, **: En diisiik sonug

Oduna ait her iki kisimda da uygulanan iki farkli ¢6zelti ile L* degerlerinde azalmalar elde edilmistir.
Diri oduna ait L* degerleri 6z oduna ait degerlerininkinden yiiksek bulunmustur. En yiiksek azalma
orani diri oduna uygulanmis ali¢ sirkesi + karbonat ¢ozeltisinde (%8.59) belirlenirken, en diisiik
azalma orani ise yine diri oduna uygulanmis liziim sirkesi + karbonat ¢ozeltisinde (%7.05) elde
edilmistir. Oz odunda en yiiksek azalma orani 6z oduna uygulanmis {iziim sirkesi + karbonat
cozeltisinde (%12.08) belirlenirken, en diislik azalma orani ise ali¢ sirkesi + karbonat ¢dzeltisinde
(%7.29) elde edilmistir. L* degeri en yiiksek olarak diri oduna ait kontrol 6rneklerinde 66.62 olarak
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bulunurken, en diisiik 6z oduna uygulanmis {iziim sirkesi + karbonat ¢ozeltisinde 38.36 olarak tespit
edilmistir (Tablo 4).

b* degeri en yiiksek olarak diri oduna uygulanmis ali¢ sirkesi + karbonat ¢ozeltisine ait 6rnekler
iizerinde 26.05 olarak bulunurken, en diisiik sonu¢ 6z odun kontrol 6rneklerinde 13.04 olarak
belirlenmistir. En yliksek artis orani diri oduna uygulanmis ali¢ sirkesi + karbonat ¢ozeltisinde
(%36.17) belirlenirken, en diisiik artis orani ise 6z oduna uygulanmis ali¢ sirkesi + karbonat
¢ozeltisinde (%1.69) elde edilmistir. Oduna ait her iki kisimda da uygulanan iki farkli ¢ozelti ile b*
degerlerinde artiglar elde edilmistir. Diri oduna ait b* degerleri 6z oduna ait degerlerininkinden
yiiksek tespit edilmistir (Tablo 4).

a* degerlerine bakildiginda, alig sirkesi + karbonat ¢ozeltisinin muamele edilmesiyle 6z ve diri odun
kisimlarinda azalmalar goriiliirken, tiziim sirkesi + karbonat ¢6zeltisinin muamele edilmesiyle 6z ve
diri odun kisimlarinda artislar elde edilmisti. Oz oduna ait a* degerleri diri oduna ait
degerlerininkinden yiiksek belirlenmistir. a* degeri en yiiksek olarak 6z oduna uygulanmis iiziim
sirkesi + karbonat ¢ozeltisine ait 6rnekler tizerinde 9.69 olarak tespit edilirken, en diisiik sonug diri
oduna uygulanmis ali¢ sirkesi + karbonat ¢ozeltisinde 4.28 olarak elde edilmistir (Tablo 4).

Diri oduna uygulanan iki farkli ¢ozelti ile C* degerlerinde artislar belirlenmistir. Oz odunda ise iiziim
sirkesi karigimi ile artis ve alig sirkesi karisimi ile azalis tespit edilmistir. Diri oduna ait C* degerleri
0z oduna ait degerlerininkinden yiiksek bulunmustur. En yiiksek artis orani diri oduna uygulanmis
lizlim sirkesi + karbonat ¢ozeltisinde (%35.18) belirlenirken, en diisiik artis orani ise 6z oduna
uygulanmis iiziim sirkesi + karbonat ¢ozeltisinde (%5.21) elde edilmistir. C* degeri en yiiksek olarak
diri oduna uygulanmis {iziim sirkesi + karbonat ¢ozeltisine ait 6rnekler lizerinde 26.63 olarak tespit
edilirken, en diisiik sonu¢ 6z odunda ali¢ sirkesi + karbonat ¢ozeltisine ait ornekler tizerinde 15.30
olarak belirlenmistir (Tablo 4).

h® igin en yiiksek artis oran1 6z oduna uygulanmis alig¢ sirkesi + karbonat ¢ozeltisinde (%7.46)
belirlenirken, en diisiik artis orani ise diri oduna uygulanmis iiziim sirkesi + karbonat ¢ozeltisinde
(%2.36) elde edilmistir. h® degeri en yiiksek olarak diri oduna uygulanmis ali¢ sirkesi + karbonat
cozeltisine ait 6rnekler izerinde 80.43 olarak bulunurken, en diisiik sonu¢ 6z oduna uygulanmaisg iiziim
sirkesi + karbonat ¢ozeltisine ait 6rnekler lizerinde 54.21 olarak belirlenmistir. Diri oduna ait h°
parametrelerine ait sonuglar1 6z oduna ait degerlerininkinden yiiksek olarak belirlenmistir. Diri odun
kisminda iki farkli ¢ozelti ile h® degerlerinde artislar elde edilmistir (Tablo 4).

WI* degerlerine bakildiginda her iki yondeki azalmalar belirlenmistir. WI* her iki yondeki degerleri
diri oduna ait sonuglar 6z oduna ait degerlerininkinden yiiksek bulunmustur. WI* degerlerinde her iki
yondeki en diisiik sonu¢ 6z oduna uygulanmis liziim sirkesi + karbonat ¢ozeltisine ait 6rnekler
iizerinde (L: 5.22 ve || 2.66) tespit edilirken, en yiiksek sonug diri odun kontrol 6rneklerinde (L:
26.94 ve ||: 15.84) elde edilmistir (Tablo 4).

Hesaplanmis olan toplam renk farkliliklar1 i¢in sonuglar Tablo 5°te sunulmaktadir. AE* degerleri 6z
odunda tiziim sirkesi + karbonat ile 5.35 ve alig sirkesi + karbonat ile 3.41 belirlenirken, diri odunda
ise liziim sirkesi + karbonat ile 8.41 ve ali¢ sirkesi + karbonat ile 8.48 olarak bulunmustur. AL*
degerleri biitlin ¢ozelti ve odun kisimlarinda negatif (referanstan daha koyu) olarak tespit edilirken,
Ab* degerleri pozitif (referanstan daha sar1) olarak bulunmustur (Tablo 5).

AC* degerleri diri odunda her iki ¢6zeltiler ile pozitif (referanstan daha sar1) olarak tespit edilmistir.

Aa* degerleri ise 0z ve diri odunlarda ali¢ sirkesi + karbonat ¢ozeltisi ile negatif (referanstan daha

yesil) olarak elde edilirken, iiziim sirkesi + karbonat ¢ozeltisi ile pozitif (referanstan daha kirmizi)

olarak belirlenmistir. Kiyaslama kriterleri (DIN 5033, 1979) sonuglar kiyaslandiginda, 6z odunda her
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iki ¢ozeltiler ile “cok belirgin (3.0 ila 6.0)” kategorisinin elde edildigi ve diri odunda ise “gii¢lii (6.0
ila 12.0)” kategorisinin belirlendigi goriilmektedir (Tablo 5).

Tablo 5. Toplam renk farkliliklarina ait sonuglar

Igg‘r‘gl Cozelti Tiirii AL* | Aa* | Ab* | AC* | AH* | AE* Rer?g&“ggg?&%;m
Oz Uziim sirkesi + karbonat | -5.27 | 0.86 | 0.39 | 0.81 | 0.48 | 5.35 Cok belirgin
Alig sirkesi + karbonat | -3.19 | -1.20 | 0.22 | -0.45| 1.13 | 3.41 (3.0ila6.0)
Diri Uziim sirkesi + karbonat | -4.70 | 0.82 | 6.92 | 6.93 | 0.73 | 8.41 G_iigh'i
Alig sirkesi + karbonat | -5.72 | -0.43 | 6.24 | 6.03 | 1.66 | 8.48 (6.0ila 12.0)

Shore D sertlik degeri 6z odunda 74.90 HD olmakta ve 73.00 - 77.00 HD arasinda degismekte olup,
diri odunda ise ortalama 68.00 HD olup ve 65.00 - 71.00 HD arasinda degismekte oldugu sonucuna
ulasiimustir.

4. Sonuclar

- @* parametresi 6z ve diri odunlarda iiziim sirkesi + karbonat ¢ozeltisi ile artarken, ali¢ sirkesi +
karbonat ¢6zeltisi ile azalmistir.

- AE* degerleri 6z odunda liziim sirkesi + karbonat ¢ozeltisi ile 5.35 ve alig sirkesi + karbonat ¢ozeltisi
ile 3.41 bulunurken, diri odunda iiziim sirkesi + karbonat ¢ozeltisi ile 8.41 ve ali¢ sirkesi + karbonat
cozeltisi ile 8.48 olarak tespit edilmistir.

- Oz ve diri odunlarda her iki yonde WI* degerleri hazirlanan ¢zeltiler ile azaldiklar belirlenmistir.
- Oz ve diri odunlarinda hazirlanmis olan iki farkli ¢ozelti ile L* degerlerinde azalislar goriiliirken,
b* degerlerinde artiglar elde edilmistir.

Cikar catismasi
Yazarlar ¢ikar catismasi olmadigini beyan etmektedir.
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Ozet: Bu calismada, yalanci akasya (Robinia pseudoacacia L.) ahsabi yiizeylerine uygulanmis solvent bazli yat vernigi
katmanlarinda bazi yiizey 6zellikleri [beyazlik indeksi: WI* (L: ve || ), renk parametreleri (AC*, AH*, AE*, Aa*, AL*,
Ab*, h°, b*, L*, C* ve a*) ve parlaklik degerleri (20°, 60°, 85°, 1: ve || )] lizerine kat sayisinin (1 ve 2 kat) etkileri
arastirtlmistir. SPSS sonuglarina gére varyans analizleri biitiin testler iizerinde anlamli olarak elde edilmistir. AE*
degerlerinde yat vernigi uygulamalari ile 1 kat sonrasinda 10.36 ve 2 kat sonrasinda ise 10.65 olarak hesaplanmuistir.
Yat verniklerinin ahgsap malzemeye uygulanmasi ile her iki yonde WI* degerlerinde, L* ve h° degerlerinde azalislar
goriiliirken, biitiin derece ve yonlerde yapilan parlaklik degerlerinde, b*, C* ve a* parametrelerinde ise artiglar tespit
edilmistir.

Anahtar Kelimeler: Beyazlik indeksi, Parlaklik, Renk, Robinia pseudoacacia L, Yalanci akasya, Yat vernigi

The Effect of the Number of Surface Coats of Solvent-Based Yacht Varnish
Applied to False Acacia (Robinia pseudoacacia L.) Wood on Some Optical
Properties

Abstract: In this study, the effects of the number of coats (1 and 2 coats) applied to the surfaces of black locust (Robinia
pseudoacacia L.) wood with solvent-based yacht varnish layers on some surface properties [whiteness index: WI* (L:
and ||), color parameters (AC*, AH*, AE*, Aa*, AL*, Ab*, h°, b*, L*, C*, and a*), and glossiness values (20°, 60°, 85°,
1:and || )] were investigated. According to the SPSS results, variance analyses were obtained significantly for all tests.
AE* values were calculated as 10.36 after 1 coat and 10.65 after 2 coats of yacht varnish applications. While decreases
in WI* values, L*, and h° values were observed in both directions with the application of yacht varnishes to the wooden
material, increases were determined in glossiness values made in all degrees and directions, b*, C*, and a* parameters.

Keywords: Black locust, Color, Glossiness, Robinia pseudoacacia L., Whiteness index, Yacht varnish

1. Giris

Ahsap lif yapisi, malzemenin hem giiclerini hem de zayifliklarini saglar. Giigleri, malzemenin dogru
kullanildiginda tekne ig¢in Uistlin dayaniklilik ve sertlik saglamasidir. Buna 6rnek olarak, direkler,
kirisler ve dogru bir sekilde dosemeli, ¢ergevelenmis, bordalamali, direkler, zeminler ve bas gibi
giivertenin yapisal bilesenlerinin bir araya getirilmesi verilebilir, bunlar bir arada giicii en iyi sekilde
dagitir. Zayifliklar ise, ahsabin lif boyunca gii¢lii olmamasidir ve yapinin iyi ¢apraz dayanikliligini
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yapistirmadan saglamak zor olabilir; dikkatsiz bir yenileme yapi, yapiyr kolayca tahrip edebilir
(Larsson, 2013).

Genel olarak, bir vernik, recinelerin, koloidal bir yapiya sahip olan, homojen, yapiskan, viskoz bir
¢ozeltisi olarak tanimlanabilir. Ince bir tabaka halinde bir yiizeye uygulandiginda, sert, diiz ve parlak
bir yiizey olusturacak sekilde kurur. Verniklerin rengi, siifina ve kullanim alanina bagli olarak
onemli Olgiide degisebilir. Genellikle agik renkli vernikler tercih edilir, ancak miikemmel kalitede
bir¢ok koyu renkli vernik de bulunmaktadir (Brecher, 1922).

Bir vernik kaplama, boya katmanlar icin fiziksel bir bariyer saglar. Partikiillerin boya yiizeyine
ulagsmasini engeller ve gomiilmesini veya diger hasarlarin meydana gelmesini onler. Ancak, bir vernik
tabakasinin boya lizerine oksijen gibi gazli molekiillerin difiizyonunu siirlamasi pek olast degildir
(Feller vd., 1985).

Boyalar ve vernikler bir¢ok gereksinimi karsilamalidir. Bunlar, alt tarafi korozyona, hava kosullarina
ve mekanik hasara kars1 korur. Dekoratif bir islevi olabilir (otomobil kaplamalari, beyaz esyalar,
mobilyalar), bilgi saglayabilir (trafik isaretleri, bilgi panolari, reklamecilik) veya diger belirli
ozelliklere sahip olabilir (Anonim, 2016).

Iyi bir vernik yumusak, narin olmali, hizli kurumali ve kuruduktan sonra parlak ve parildayan bir film
olusturmalidir. Kuruduktan sonra biiziilmemeli veya catlamamalidir. Is1 nedeniyle kaplanmig
malzemenin, 6zellikle ahgabin genlesme/biiziilmesine uyum saglamalidir. Vernikler genellikle firca
ile uygulanir ve firgalama 6zellikleri biiyiik 6l¢iide viskozite tarafindan belirlenir. Viskozite ¢ok
yiiksekse, fir¢a direnci yasanacak ve vernik yayilmakta zorluk ¢ekecektir; eger cok diisiikse, vernik
dikey ylizeylerde akacak ve film asir1 ince olacaktir (Morgans, 2000).

Literatiirde gesitli agag tiirlerine [rubber (Hevea brasiliensis), keruing (Dipterocarpus grandiflorus),
keranji (Dialium patens), berangan (Castanopsis acuminatissima) ve niové (Staudtia stipitata)
(Camlibel ve Ayata, 2024), limba (Terminalia superba), sapelli (Entandrophragma cylindricum),
kestane (Castanea sativa Mill.) (Altiparmak, 2017), yabani kiraz (Cerasus avium (L.) Monench)
(Aytin vd., 2016), sapsiz mese (Quercus petraea), iroko (Chlorophora excelsa), dogu ladini (Picea
orientalis), tik (Tectona grandis), Uludag goknari (Abies bornmulleriana), kestane (Castanea sativa)
(Yarayan, 2019), Isve¢ camu (Pinus contorta) (Ayata ve Bal, 2024), sapelli (Entandrophragma
cylindricum) (Sogiitlii vd., 2017), sarigam (Pinus sylvestris L.), Anadolu kestanesi (Castenea sativa
Mill.), iroko (Chlorophora excelsa), (Cakicier, 2007), bambu (Aykag, 2016), kestane, okaliptiis ve
sarigam (Akter vd., 2019) ve kestane (Castanea sativa Mill.) (Ulay, 2023)] farkl: tiirlerde verniklerin
(yat, su bazli, poliiiretan, sentetik, seliilozik, vb.) uygulandigi gériilmekte olunup, elde edilen yiizeyler
izerinde ¢esitli testlerin (parlaklik, renk, ¢izilme direnci, asinma direnci, ylizey piirtizliiligi, ylizeye
yapisma, 1s1 iletkenligi, vb.) yapildiklar1 bildirilmistir. Ama literatiirde yalanci akasya ahsabina farkli
kat sayilarina ait yat vernigi uygulamasinin yapilmadigi goriilmistiir.

Yalanci akasya (Robinia pseudoacacia L.) agaci, (Fabaceae), Dogu Kuzey Amerika’nin dogal olarak
bulunan, 151k seven, orta boylu ve oncii agag tiirtidiir (Little ve Viereck, 1971). Bu agag tiirii don riski
bulunan alanlara uyum saglayabilen az sayidaki baklagillerden olan bir azot fiksasyonu yapabilen
agag tlirtidiir. Ayrica, kuraklik, hava kirliligi ve yiiksek 151k yogunlugu gibi ¢evresel asiriliklara uyum
saglayabilir (Hanover, 1989).

Acik kahverengiden koyu kahverengiye kadar degisen renkteki odun, paneller, kaplamalar, zemin
kaplamalari, mobilyalar, tekne yapimi, giiverte kaplamalari, bag ya da fidanlik destekleri, meyve
kutular, paletler ve hamur iiretimi gibi ¢esitli uygulamalarda kullanilir. Ciiriimeye karsi olaganiistii
direnci, ¢ekiciligini arttiran bir 6zelliktir (Kanwar vd., 2007).
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Yalanci akasya (Robinia pseudoacacia L.)’ya ait olgun odununda seliilloz %40, lignin %30,
hemiseliiloz %21, kiil miktar1 %0.32 (Koloc, 1953), holoseliiloz %64.60, sicak su ¢oziiniirliigii %5.90
(Ahn, 1985), 6z odunda soguk su ¢oziiniirliigii %6.80 (Hart, 1968), egilme direnci 173.02 N/mm?,
elastikiyet modiilii 18122.41 N/mm? (Vasiliki vd., 2016), teget ydnde yarilma 6.2 kp/cm?, makaslama
direnci 128 kp/cm?, brinell sertlik liflere paralel yonde 7.82 kp/cm?, sok direnci 1.35 kp/cm?, brinell
sertlik liflere dik yonde 3.35 kp/cm? (Goker, 1982), odun enerji verimi 19,44 x 106 J/kg (Stringer ve
Carpenter, 1986) ve 1s1 iletkenlik degeri 0.166 W/m.K (Cavus vd., 2019) olarak belirlenmistir.

Bu ¢alismada, yat sektoriinde kullanilan yat verniklerinin yalanci akasya (Robinia pseudoacacia L.)
odununda ahsabi {izerinde kullanilmasi sonrasinda elde edilen yiizey degisimleri arastirilmstir.

2. Materyal ve Metot

2.1. Materyal

2.1.1. Ahsap Malzeme

Yalanci akasya (Robinia pseudoacacia L.) odunu 100 x 100 x 15 mm boyutlarinda hazirlanmistir.
Hazirlanan deney numuneleri 20+2 °C sicaklik ve %65 bagil nem sartlar1 altinda degismez agirliga
gelinceye kadar kondisyonlanmigtir (1SO 554, 1976).

2.1.2. Yat Vernigi

Calismada, 6zel bir firmaya ait olan %60-70 yagli icerikli alkid regine esash yiiksek sertlik 6zelligine
sahip ve suya kars1 ¢ok direngli olan solvent bazli yat vernigi kullanilmistir (katt madde miktari: %50
ve yogunlugu: 0.87-0.92 g/ml).

2.2. Metot

Yat Verniginin Ahsap Malzeme Yiizeylerine Uygulanmasi

(Calismada, deney o6rnekleri 80, 120 ve 180 kum zimparalar ile zzmparalandiktan sonra yiizeyler bir
kompresor yardimiyla temizlenmistir. Elde edilen 6rnekler iizerinde yat vernikleri 1 ve 2 kat olarak
bir firca yardimiyla uygulanmstir (14-16 m?/It). Katlar arasinda kuruma icin 24 saat siire ile
beklenilmistir.

2.2.1. Parlaklik Ozelliklerinin Belirlenmesi

ETB-0833 model gloss meter cihazinda parlaklik testleri (ISO 2813, 1994) yapilmustir.

2.2.2. Beyazlik Indeksi (WI*) Ozelliklerinin Belirlenmesi

Beyazlik indeksi (WI*) degerleri Whiteness Meter BDY-1 cihazinda 6l¢iilmiistiir (ASTM E313-15e1,
2015).

2.2.3. Renk Ozelliklerinin Belirlenmesi
CS-10 cihaz1 kullanilarak renk degisimleri belirlenmistir (ASTM D 2244-3, 2007). Literatiirde AC*:

kroma kismi veya doygunluk farki ve AH*: ton boliimii veya golge farki olarak tanimlanmistir
(Lange, 1999). Asagidaki formiiller ile toplam renk farkliliklarina ait sonuglar belirlenmistir [1g1klilik
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(L*), kirmiz1 (a*) renk tonu, sar1 (b*) renk tonu, kroma (C*) ve ton (h°) agisi] (ASTM D 2244-3,
2007).

C* = [(@%)* + (b*)7]°° 1)
h° = arctan (b* / a*) 2
AC* = (C* vemik uygulanms deney 6megi = C™ vernik uygulanmams deney 6rnegi) 3)
A@* = (8* vernik uygulanmis deney dmegi = & vernik uygulanmams deney rnegi) (4)
AL* = (L™ vemik uygulanmis deney megi = L vernik uygulanmamis deney 6meg;) (%)
Ab* = (0 vernik uygulanmis deney smegi = D vernik uygulanmams deney 6rnegi) (6)
AH* = [(AE*)? - (AL*)? - (AC*)?]%5 (7
AE* = [(AL*)? + (Aa*)? + (Ab*)?]°5 ©)

AL*, Aa*, Ab* ve AC* degerlerine ait tanimlamalar (Lange, 1999) Tablo 1’de verilmistir.

Tablo 1. AL*, Aa*, Ab* ve AC* degerlerine ait tanimlamalar (Lange, 1999)

Negatif durumda Parametre Pozitif durumda
Referanstan daha koyu <AL*D» Referanstan daha agik
Referanstan daha yesil dAa*p Referanstan daha kirmizi
Referanstan daha mavi AAb* > Referanstan daha sar1

Mat, referanstan daha bulanik dAC*D» Referanstan daha net, daha parlak

AE* degerlendirmesi i¢in kiyaslama kriterleri (DIN 5033, 1979) Tablo 2’de sunulmaktadir.

Tablo 2. AE* degerlendirmesi igin kiyaslama kriterleri (DIN 5033, 1979)

Toplam renk farki (AE*) Gorsel renk puam farki
<0.2 Algilanamaz

0.2ila0.5 Cok zay1f
05ilalb Zay1f
1.5ila 3.0 Belirgin
3.0ila6.0 Cok belirgin
6.0ila 12.0 Giicli

>12.0 Cok giiglii

2.3. Istatistiksel Analiz

Bir istatistik programui ile standart sapmalari, maksimum ve minimum degerleri, ortalama degerleri,
homojenlik gruplari, varyans analizleri ve yiizde (%) degisim oranlar1 hesaplanmustir.

3. Bulgular ve Tartisma

Varyans analizi sonuclar1 Tablo 3’te verilmistir. Bu sonuglara gore, biitiin testler {izerinde kat sayis1
faktoriiniin anlamli olarak elde edildigi gorilmektedir (Tablo 3).
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Tablo 3. Varyans analizi sonuglari

Kareler Serbestlik Ortalama o
Test Toplami Derecesi Kare F Degeri | 00.05
Isikhihik (L*) 416.664 2 208.332 296.590 | 0.000*
Kirmizi (2*) renk tonu 130.877 2 65.438 414.820 | 0.000*
Sar1 (b*) renk tonu 188.008 2 94.004 452,747 | 0.000*
Kroma (C*) 289.192 2 144.596 856.787 | 0.000*
Ton (h°) agis1 137.871 2 68.935 76.996 | 0.000*
120°de parlaklik 2329.475 2 1164.737 830.374 | 0.000*
160°de parlaklik 14185.091 2 7092.545 | 1917.595 | 0.000*
185%de parlaklik 18210.816 2 9105.408 | 5441.961 | 0.000*
20de parlakhik 5176.867 2 2588.433 | 1148.713 | 0.000*
60°de parlakhik 36271.603 2 18135.801 | 2666.797 | 0.000*
85”de parlakhk 40004.952 2 20002.476 | 9717.627 | 0.000*
Beyazlik indeksi L 710.841 2 355.420 | 4113.309 | 0.000*
Beyazlik indeksi || 976.958 2 488.479 | 6923.324 | 0.000*
*: Anlamh
Tablo 4’te renk parametrelerine ait belirlenmis olan 6l¢iim sonuglart sunulmaktadir.
Tablo 4. Renk parametrelerine ait 6lglim sonuglari

Olgiim | Ortalama | Degisim | Homojenlik | Standart | Mini- | Maksi- | Varyasyon
Test | Uygulama Sayist | Sonug (%) Grubu Sapma | mum | mum | Katsayisi

Kontrol 10 63.49 - A* 1.11 61.86 | 65.13 1.74

L* 1 kat 10 55.73 112.22 | B 0.90 54.56 | 57.27 1.61

2 kat 10 55.45 112.66 | B** 0.27 55.12 | 55.91 0.49

Kontrol 10 7.91 - B** 0.47 7.32 8.75 5.91

a* 1 kat 10 12.29 15537 | A 0.38 11.79 | 12.89 3.06

2 kat 10 12.39 156.64 | A* 0.34 11.84 | 13.04 2.72

Kontrol 10 22.07 - B** 0.33 21.43 | 22.39 1.51

b* 1 kat 10 27.34 123.88 | A 0.38 26.65 | 27.77 1.38

2 kat 10 27.42 124.24 | A* 0.61 26.66 | 28.14 2.21

Kontrol 10 23.45 - B** 0.31 22.93 | 23.94 1.33

Cc* 1 kat 10 29.98 127.85 | A 0.40 29.16 | 30.45 1.33

2 kat 10 30.09 128.32 | A* 0.50 29.42 | 30.70 1.66

Kontrol 10 70.27 - A* 1.18 68.56 | 71.82 1.68

he 1 kat 10 65.78 1639 | B 0.68 64.95 | 66.95 1.03

2 kat 10 65.67 16.55 | B** 0.91 63.93 | 67.17 1.39

Homojenlik Grubu siitunu i¢in *: En yiiksek deger, **: En diisiik deger

L* degeri icin en yliksek sonug¢ kontrol deney 6rneklerinde (63.49) belirlenirken, en diisiik sonug ise
2 kat yat vernigi uygulanmis 6rnekler lizerinde (55.43) bulunmustur. L* testinde 1 kat yat vernigi
uygulamasi ile %12.22 ve 2 kat yat vernigi uygulamasi ile %12.66 oranlarinda azalmalar elde
edilmistir. Bu oranlar birbirlerine ¢ok yakin bulunmustur (Tablo 4).

a* parametresinde en diisiik sonu¢ kontrol deney grubu 6rneklerinde (7.91) bulunurken, en yiiksek
sonug ise 2 kat yat vernigi uygulanmis 6rneklerde (12.39) belirlenmistir. a* degerinde 1 kat yat
vernigi uygulamasi ile %55.37 ve 2 kat yat vernigi uygulamasi ile %56.64 oranlarinda artiglar tespit
edilmistir. Bu oranlarin birbirlerine ¢ok yakin olduklar1 gériilmdstiir (Tablo 4).

b* degeri i¢in en diisiik sonug¢ kontrol 6rneklerinde (22.07) elde edilirken, en yiiksek sonug ise 2 kat
yat vernigi uygulanmis deney grubuna ait drneklerde (27.42) tespit edilmistir. b* testinde 1 kat yat
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vernigi uygulamasi ile %23.88 ve 2 kat yat vernigi uygulamasi ile %24.24 oranlarinda artiglar
goriilmistiir. Birbirlerine ¢ok yakin artig oranlar1 elde edilmistir (Tablo 4).

C* parametresinde icin en yiiksek sonug 2 kat yat vernigi uygulanmis 6rneklerde (30.09) goriiliirken,
en diistik sonug ise kontrol deney ornekleri iizerinde (23.45) elde edilmistir. C* degerinde yat vernigi
uygulamalar1 sonrasinda 1 kat ile %27.85 ve 2 kat ile %28.32 oranlarinda artislar tespit edilmistir
(Tablo 4).

h° degeri i¢in en yiiksek sonug kontrol deney 6rneklerinde (70.27) tespit edilirken, en diisiik sonug
ise 2 kat yat vernigi uygulanmig Ornekler tizerinde (63.67) gorilmiistiir. h® parametresinde C*
parametresinde yat vernigi uygulamalar1 sonrasinda 1 kat ile %6.39 ve 2 kat ile %6.55 oranlarinda
azalislar bulunmustur (Tablo 4).

Renk formiilleri kullanilarak hesaplanmis olan toplam renk farkliliklari i¢in sonuglar Tablo 5’te
verilmistir. AE* degerleri 1 kat yat vernigi uygulamasi ile 10.36 ve 2 kat yat vernigi uygulamasi ile
10.65 olarak bulunmustur. AE* degerleri ise 1 kat yat vernigi uygulamasi ile 2.09 ve 2 kat yat vernigi
uygulamasi ile 2.13 olarak hesaplanmistir. Her iki kat uygulamasi ile AL* degerleri negatif
(referanstan daha koyu) olarak tespit edilirken, Ab* degerleri pozitif (referanstan daha sar1), AC*
degerleri pozitif (referanstan daha sar1) ve Aa* degerleri pozitif (referanstan daha kirmizi) olarak
belirlenmistir. Kiyaslama kriterleri (DIN 5033, 1979) sonuglar kiyaslandiginda, her iki kat
uygulamasi ile “giiclii (6.0 ila 12.0)” kategorisinin elde edildigi goriilmiistiir (Tablo 5).

Tablo 5. Toplam renk farkliliklarina ait sonuglar
Uygulama | AL* | Aa* | Ab* | AC* | AH* | AE* | Renk degistirme kriteri (DIN 5033, 1979)
1 kat -7.76 | 438 | 527 | 653 | 2.09| 10.36 A .
2kat | 8.04| 448 5.35| 664 2.13| 10.65 Giielii (6.0 ila 12.0)

Parlaklik degerlerine ait belirlenmis olan 6l¢iim sonuglar1 Tablo 6’da verilmistir.

Tablo 6. Parlaklik degerlerine ait 6l¢iim sonuglari

Olciim | Ortalama | Degisim | Homojenlik | Standart | Mini- | Maksi- | Varyasyon

Test | Uygulama SagylSl Sonug¢ (%As)) Grdbu Sapma | mum | mum Ka:/say):m
Kontrol 10 0.50 - C** 0.00 0.50 | 0.50 0.00
120° 1 kat 10 18.42 | 13584.00 | B 1.17 17.60 | 20.60 6.35
2 kat 10 19.88 | 13876.00 | A* 1.69 18.00 | 22.00 8.48
Kontrol 10 2.66 - C** 0.14 250 | 2.90 5.38
160° 1 kat 10 46.20 | 11636.84 | B 2.57 | 44.00 | 50.80 5.56
2 kat 10 51.00 | 11817.29 | A* 2.11 | 48.30 | 53.20 4.14
Kontrol 10 1.48 - C** 0.18 1.20 | 1.70 12.25
185° 1 kat 10 4948 | 1324324 | B 2.03 | 47.60 | 53.10 411
2 kat 10 57.16 | 13762.16 | A* 0.92 56.10 | 58.70 1.61
Kontrol 10 0.50 - B** 0.00 0.50 | 0.50 0.00
[20°] 1kat 10 28.90 [ 15680.00 | A* 244 [26.40 ] 31.70 8.44
2 kat 10 27.80 | 15460.00 | A 0.90 26.70 | 29.00 3.24
Kontrol 10 3.60 - B** 0.26 3.20 | 3.90 7.17
|| 60° 1 kat 10 77.62 | 12056.11 | A* 3.71 72.90 | 82.40 4.78
2 kat 10 77.10 | 12041.67 | A 2.56 73.80 | 80.90 3.32
Kontrol 10 5.54 - B** 0.44 520 | 6.10 7.95
|85°] 1kat 10 82.52 | 11389.53 | A 240 |78.90 | 85.30 2.91
2 kat 10 83.48 | 11406.86 | A* 0.45 83.20 | 84.30 0.54

Homojenlik Grubu siitunu icin *: En yiiksek deger, **: En diisiik deger
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Parlaklik testlerine ait 6l¢iim sonuglarina bakildiginda ise, 1 ve 2 kat uygulamalar1 sonrasinda biitiin
derece (20, 60 ve 85) ve yonlerde (liflere dik ve paralel) kontrol drneklerine kiyasla artiglar
belirlenmistir. En diisiik 6l¢lim sonuglar1 kontrol deney 6rneklerinde tespit edilmistir. En yiiksek
Ol¢iim sonuglarina bakildiginda ise, liflere dik yonde 20, 60 ve 85 derecelerde sirasiyla 19.88, 51.00
ve 57.16 olarak 2 kat yat vernigi uygulanmis drnekler lizerinde elde edilmistir (Tablo 6).

Beyazlik indeksi (WI*) degerlerine ait belirlenmis olan 6l¢iim sonuglart Tablo 7°de gosterilmistir.
WI* degerlerinde her iki yonde yapilan dl¢limlerde yat vernigi uygulamalar ile azalislar tespit
edilmistir. En yiiksek 6l¢iim sonuglar1 kontrol drneklerinde bulunurken (L: 20.97 ve || 14.90), en
diisiik 6l¢tim sonuglar 1 kat yat vernigi uygulanmis 6rnekler lizerinde tespit edilmistir (L: 10.08 ve
|| : 2.73). Azalma oranlarina bakildiginda WI* L i¢in 1 kat uygulama ile %51.93 ve 2 kat uygulama
ile %46.02 olarak bulunurken, W1* || testinde ise 1 kat uygulama ile %81.68 ve 2 kat uygulama ile
%80.81 olarak elde edilmistir. Liflere paralel yonde parlaklik testlerinde ise en yiiksek sonuglar 20
ve 60 derecelerde sirasiyla 28.90 ve 77.62 olarak 1 kat yat vernigi uygulanmis 6rneklerde bulunurken,
85 derecede ise 2 kat yat vernigi uygulanmis 6rneklerde 83.84 olarak belirlenmistir (Tablo 7).

Tablo 7. Beyazlik indeksi (WI*) degerlerine ait 6l¢iim sonuglari

Ol¢iim | Ortalama | Degisim | Homojenlik | Standart | Mini- | Maksi- | Varyasyon

Test | Uygulama Sacym Sonug¢ ({(;%S)) Grujbu Sapma | mum | mum Kazsa;:m
Kontrol 10 20.97 - A* 0.18 2050 | 21.10 0.84
WI*L 1 kat 10 10.08 151.93 | C** 0.45 9.70 | 10.80 4.48
2 kat 10 11.32 146.02 | B 0.15 11.10 | 11.50 1.37
Kontrol 10 14.90 - A* 0.41 14.40 | 15.60 2.76
WI*|| | 1kat 10 273 | |81.68 | B** 013 | 260 | 2.90 4.58
2 kat 10 2.86 180.81 | B 0.16 2.60 | 3.00 5.76

Homojenlik Grubu siitunu icin *: En yiiksek deger, **: En diisiik deger

4. Sonuclar ve Oneriler

- AE* degerlerinde yat vernigi uygulamalari ile 1 kat sonrasinda 10.36 ve 2 kat sonrasinda ise 10.65
olarak belirlenmistir. 1 ve 2 kat uygulama arasinda toplam renk farki degerlerinde yakin sonuglarin
elde edilmesi ile 2 kat uygulamasinin renk agisindan gerekli gériilmeyecegi soylene bilinir.

- Biitiin testler lizerinde varyans analizleri anlamli olarak elde edilmistir.

- Biitlin derece ve yonlerde yapilan parlaklik degerlerinde, b*, C* ve a* parametrelerinde ise artislar
elde edilmistir. Her iki yonde WI* degerlerinde, L* ve h® degerlerinde azaliglar belirlenmistir.

- Yat vernigi ile kaplanmis numuneler iizerinde tuzlu sis korozyon testi, dogal veya yapay
yaslandirma (UV-A/B/C veya xenon veya LED lambalar1 karsisinda) testlerinin yapilmasi
onerilmektedir.

Cikar catismasi

Yazarlar ¢ikar catismasi olmadigini beyan etmektedir.
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Abstract: Today, factors like global warming, climate change have heightened environmental awareness.
Consequently, the demand for electric vehicles is steadily rising due to considerations such as environmental impact,
economic factors. In this regard, it is estimated that 125 million electric vehicles will be on the roads worldwide by
2030. The primary reason for the lag in electric vehicle technology is that the technology in this field has not yet reached
a sufficient level. Especially in battery technology, factors such as power density, safety and charging time have
affected this situation. Additionally, a common charging and communication standard has yet to be developed.
Furthermore, there is no a standard for medium voltage and megawatt class charging system. In this study, international
standards used for charging systems of electric vehicles were studied. Commonly used charging standards are divided
into three subdivisions: wired, wireless and battery replacement. Also, charging standards such as CHAdeMO, GB/T,
US -COMBO CSS1, EURO-COMBO CSS2, TESLA and Chaoji are studied. These standards categorized in terms of
maximum power they provide, connector type, and communication protocols. Hence, the general characteristics of the
standards, their electrical capabilities, connection types, communication protocol structures, and the general structures
of these communication standards are introduced.

Keywords: Battery, CAN-Bus, Charging systems, Electric vehicle, Power line communication

Elektrikli Arac¢ Sarj ve Haberlesme Protokollerinin Gozden Geg¢irilmesi

Ozet: Giiniimiizde kiiresel 1snma ve iklim degisikligi gibi etkenler ¢evresel farkindaligi artirmistir. Buna istinaden
cevresel, ekonomik ve kaynak kitlig1 gibi sebeplere bagli olarak elektrikli araglara olan talep her gegen giin artmaktadir.
Bu dogrultuda diinya genelinde 2030’lara kadar 125 milyon elektrikli aracin yollarda olacagi tahmin edilmektedir.
Elektrikli arag teknolojisinin su ana kadar petrol kaynakl yakit tiiketen araglara gore geride kalmasinin ana nedeni, bu
alandaki teknolojinin heniiz yeterli seviyeye ulasamamasidir. Ozellikle batarya teknolojisinde gii¢ yogunlugu, giivenlik
ve sarj siiresi gibi etkenler bu durumu daha ¢ok etkilemistir. Ayrica tiim elektrikli ara¢lar tarafindan kullanilan ortak
bir sarj ve haberlesme protokolii heniiz kabul gérmemistir. Dahasi orta gerilimden ve megawatt simfinda sarj
konusunda heniiz bir standart dahi bulunmamaktadir. Bu dogrultuda batarya ve sarj sistemleri devamli gelismektedir.
Bu caligmada elektrikli araglarin sarj sistemleri i¢in kullanilan ulusal ve uluslararasi standartlar incelenerek
karsilastirma yapilmistir. Yaygin olarak kullanilan sarj standartlar1 kablolu, kablosuz ve batarya degisimi olarak iige
ayrilmaktadir. CHAdeMO, GB/T, US -COMBO CSS1, EURO-COMBO CSS2, TESLA ve Chaoji gibi giincel kablolu
sarj standartlar1 incelenmistir. Boylece, elektrikli ara¢ sarj sistemlerinde kullanilan standartlarin genel zelliklersi,
elektriksel kabiliyetleri, baglant: tipleri, haberlesme protokolil yapilari, hangi standardin hangi haberlesme protokoliinii
kullandig1 ve bu haberlesme standartlarinin genel yapilari incelenmistir.

Anahtar Kelimeler: Batarya, CAN-bus, Elektrikli ara¢, Gii¢ hatt1 haberlesmesi, Sarj sistemleri

1. Introduction

The first electric vehicle model was developed by Professor Stratingh in Netherlands in 1835 (Unlii
et al., 2003). Robert Davidson produced an electric locomotive that could reach a speed of 6,4 km/h

*: Sorumlu Yazar (Corresponding Author)
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in 1838 (Chan, 2012). In 1882, Siemens produced the world's first electric trolleybus which is called
as Elektromote, in Berlin. This vehicle had two 2,2 kW engines, was powered by 550 VDC, and could
reach an average speed of 12 km/h (Singh, 2013). These studies continued until the 1920s, but there
was a stagnant period for electric vehicle studies between 1925 and 1960, and development activities
in this regard were carried out less frequently between these years (Sayin and Yiiksel, 2011).

In the 1980s, governments began to provide economic support from official sources to increase the
interest in electric vehicles due to their environmental friendliness (Kerem, 2014). Many electric
vehicle models such as Ford - Think City, Nissan - Altra EV and Peugeot 106 - Electric were launched
by manufacturers with newly developed battery technologies after 1990 (Unlii et al., 2003).

Despite its limited technical capacity, the General Motors EV1 became the first mass-produced
electric vehicle with a range of up to 169 km. Initially, 1,117 units of this vehicle were produced,
primarily due to sales conditions (EKici et al., 2021). In 2008, Tesla produced a significant number
of its first electric vehicle, the Tesla Roadster, which featured Lithium-lon (Li-ion) batteries and had
an approximate range of 320 km on a single charge. The Roadster was initially introduced in 2006
(Chan, 2012). Such studies and similar efforts have continued to increase up to the present day.
According to a report on electric cars by the International Energy Agency (IEA), an
intergovernmental organization providing data, analysis, and policy recommendations on the global
energy sector, as of 2023, there are currently 16,5 million electric vehicles on roads worldwide.

In electric vehicles, there are generally components such as the electric motor, battery pack,
inverters/converters, regenerative braking system, vehicle body, cooling liquids, lubrication system,
wiring harness, necessary equipment for electronic control modules, sensors, and other similar
components. By integrating software into some of these components, structures such as the electronic
control module, intelligent battery management system, and smart charging system are activated.
Electric vehicles, operating as a whole with such hardware and software, distribute the generated
electrical energy to the propulsion systems and control systems through powertrain systems, enabling
them to function. Electric vehicles enable system control through communication protocols such as
inter-system CAN-Bus, Power-line Communication (PLC), Ethernet, guided by the vehicle
computer's directives. The general topology of the structures studied in the research is shown in
Figure 1.

In order to ensure the portability of electric vehicles, batteries must be rechargeable. In this case, there
is a need for charging stations to shorten the charging times. Charging process generally involves the
following steps in sequence: initiating the charging process, performing charge balancing near
completion, and concluding the charging process (Ekici et al., 2021). Electric vehicle charging can
be broadly categorized into three main methods: wired charging, wireless charging, and battery
swapping (Rachid et al., 2022). In the literature, for the wired charging system, two different methods
are commonly used: alternating current (AC) and direct current (DC). For wireless charging systems,
the fixed frequency method is typically employed (Ekici et al., 2021). In this paper, electric vehicle
charging methods were generally examined under the headings of wireless and wired charging
systems. Additionally, communication protocols used in wired charging systems, such as CAN-Bus
and PLC, were also investigated.
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Figure 1. Classification of EV charging topologies review

In this study, international standards used for EV charging systems were studied. Also, these
standards categorized in terms of maximum power they provide, connector type, and communication
protocols. Hence, the general characteristics of the standards used in electric vehicle charging
systems, their electrical capabilities, connection types, communication protocol structures, and the
general structures of these communication standards are introduced. In this study, international
standards used for EV charging systems were studied. Also, these standards categorized in terms of
maximum power they provide, connector type, and communication protocols. Hence, the general
characteristics of the standards used in electric vehicle charging systems, their electrical capabilities,
connection types, communication protocol structures, and the general structures of these
communication standards are introduced.

2. Wireless Charging System

Research and development efforts continue on the wireless charging of electric vehicles, driven by
reasons such as safety, comfort, convenience, and environmental cleanliness. As electric vehicles
become more widespread, the use of wireless charging has become increasingly popular. During this
period, there has been and continues to be more research and development work on wireless charging
technology (Musavi & Eberle, 2014). The currently used wireless charging techniques include
Microwave Wireless Power Transfer, Laser Optical Wireless Power Transfer, Inductive Wireless
Power Transfer, Capacitive Wireless Power Transfer, Resonant Inductive Wireless Power Transfer,
and Magnetic Gear Wireless Power Transfer (Manivannan et al., 2023).

2.1. Fundamental Principles of Wireless Charging

The principles of wireless charging technology are based on Faraday's laws of electromagnetic

induction and Ampere's laws (Manivannan et al., 2023). Wireless power transfer contains receiver-

transmitter coils, AC/DC high frequency (HF) converters, compensation elements to use in the power

transmission process between the source and the load. These components enable power transfer

without the need for a physical connection. The basic diagram for wireless charging of electric

vehicles is illustrated in Figure 2. The receiver and transmitter coils used in wireless communication
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are referred to as charging pads. The transmitter coil is connected to the source coming from the grid.
The receiver coil is connected to the battery management system of the electric vehicle to which the
load is attached.

On Board
Charger or
AC/DC
CONVERTER

BMS &
Battery Bank

Compensa-
tion Network

Transmitter
AC/DC

X DC/HF AC Compensa- Coil
Grid A
Converter Converter tion Network

Figure 2. Basic block diagram of wireless charging for electric vehicles

To facilitate power transfer from the transmitter coil to the receiver coil, the power from the grid is
converted to high-frequency AC through AC/AC, AC/DC, and DC/AC converters. To enhance the
overall efficiency of the system, both the receiver and transmitter sides employ series and parallel
structures based on compensation topology. The receiver coil, typically mounted under the vehicle,
converts oscillating magnetic flux fields into high-frequency alternating current. Subsequently, the
direct current used by the built-in charging device is obtained by converting the high-frequency AC.
Power control, communication, and battery management system structures are utilized within the
system to ensure healthy and reliable power transfer. Magnetic planar ferrite plates are used on both
the transmitter and receiver sides to reduce any kind of harmful leakage current and improve magnetic
flux distribution (Panchal et al., 2018).

2.2. Wireless Charging Techniques

Wireless charging techniques are fundamentally divided into Radioactive and Non-radioactive
methods. Radioactive methods are often used when the distance between the transmitter and receiver
is more substantial. Within radioactive methods, there are Microwave Wireless Power Transfer and
Laser Optical Wireless Power Transfer. Non-radioactive methods are further categorized into
Resonant Inductive Wireless Power Transfer and Magnetic Gear Wireless Power Transfer for
medium distances, and Inductive Wireless Power Transfer and Capacitive Wireless Power Transfer
for short distances (Manivannan et al., 2023). The summary of wireless charging techniques shown
in Table 1.

It is divided in two categories as radioactive wireless charging techniques and non-radioactive
wireless charging techniques. Due to their power capacity, EVs subject to non-radioactive wireless
charging techniques.
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Table 1. The summary of wireless charging techniques

Wireless Charging Techniques
Radioactive Wireless Charging Techniques
- Microwave Wireless Power Transfer
- Laser Optical Wireless Power Transfer
Non-radioactive Wireless Charging Techniques
- Magnetic Gear Wireless Power Transfer
- Capacitive Wireless Power Transfer
- Inductive Wireless Power Transfer

2.2.1. Microwave Wireless Power Transfer

The electrical energy from the source is converted into microwave energy and transmitted from the
transmitting antenna to the receiving antenna for long distances. The microwave energy received by
the receiving antenna is then converted back into electrical energy at the target. The frequency range
of electromagnetic radio waves can be adjusted to a value between 1 GHz and 1000 GHz (Hu et al.,
2021). From the standpoint of using Microwave Wireless Power Transfer, there should be no
obstacles between the receiver and transmitter. This topology is considered harmful to human health
and the environment due to the risk of radioactive emissions. Considering these potential harms to
humans and the environment, this topology is not yet commercially utilized (Ahmed et al., 2020).

2.2.2. Laser Optical Wireless Power Transfer

In Laser Optical Wireless Power Transfer, power is transmitted from the transmitter to the receiver
using laser beams. On the transmitter side, electrical energy is converted into a laser beam through a
laser diode. A laser beam director is used to adjust the direction of the laser beam (Mahesh et al.,
2021). On the receiver side, a solar panel and a rectifier are used. The laser beam sent from the
transmitter first reaches the solar panel, where the light energy is separated from the laser beams.
Subsequently, the rectifier converts this energy into direct current and delivers it to the battery
(Hongzuo et al., 2021). Laser Optical Wireless Power Transfer technique also requires an
unobstructed line of sight between the receiver and transmitter for effective use. However, this
topology is considered harmful to human health and the environment due to the risk of radioactive
emissions. Due to these potential risks to humans and the environment, this topology is not yet
commercially utilized (Ahmed et al., 2020).

2.2.3. Magnetic Gear Wireless Power Transfer

The schematic diagram for the Magnetic Gear Wireless Power Transfer technique is presented in
Figure 3, as indicated by (Panchal et al., 2018). As evident from Figure 3, the Magnetic Gear Wireless
Power Transfer technique differs structurally from both Inductive Wireless Power Transfer
Techniques and Capacitive Wireless Power Transfer Techniques. In this method, two synchronized
permanent magnets are positioned side by side, in contrast to other coaxial cable-based charging
techniques. The main power serves as the current source, applied to the transmitter winding to
generate mechanical torque in the primary magnet. By utilizing mechanical torque, the primary
magnet rotates and, through mechanical interaction, generates torque on the secondary magnet. The
primary magnet operates in a transmitter-producer mode, while the secondary magnet receives the
power and transfers it to the battery via power converters and the battery management system
(Panchal et al., 2018) . The receiver executes the steps of converting mechanical energy to electrical
energy, rectification, and charging the battery in three stages (Qiu et al., 2013).
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Figure 3. The schematic diagram of Magnetic Gear Power Transfer technique (Panchal et al., 2018)

2.2.4. Inductive Wireless Power Transfer

The schematic diagram of the Inductive Wireless Power Transfer technique is shown in Figure 4. In
this technique, power transfer is achieved through mutual induction (L. Zhang et al., 2021). In this
method, two separate coils, namely transmitter and receiver coils, are used. The distance between the
coils directly affects the system efficiency (Jeon and Seo, 2022). The coil on the transmitter side is
connected to the charging station, while the coil on the receiver side is connected to the vehicle.
Bridge structures with MOSFETSs are used on both the receiver and transmitter sides for power
conversions (Grbovic, 2013).

Coil Coil

GRID @ Air Gap

~ BATTERY

POWER CONVERTER
POWER CONVERTER

Figure 4. The schematic diagram of the inductive wireless power transfer technique

The Resonant Inductive Wireless Power Transfer technique is an advanced version of the common
traditional Inductive Wireless Power Transfer method, primarily used in power electronics and for
wireless power transfer with transformer coils (Panchal et al., 2018). In this technique, similar to other
wireless power transfer methods, it converts the received voltage from the grid into high-frequency
alternating current. The power transmitted from the transmitter coil to the receiver coil through the
air is then converted to direct current on the receiver side. To enhance impedance matching between
the coils, different series/parallel combinations of capacitors and inductors are connected together or
separately (Mahesh et al., 2021). The schematic diagram for the Resonant Inductive Wireless Power
Transfer technique is illustrated in Figure 5 (Panchal et al., 2018). In fact, this method is a method to
reduce inverter losses and is similar to inductive power transfer.
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Figure 5. The schematic diagram for Resonant Inductive Wireless Power Transfer technique
(Panchal et al., 2018)

2.2.5. Capacitive Wireless Power Transfer

The schematic diagram for Capacitive Wireless Power Transfer technique is illustrated in Figure 6.
In this method, a pair of compact metallic plates creates an electric field between the receiver and
transmitter charging pads, facilitating power transfer (Yang et al., 2021). In this technique, after
power conversion and compensation processes from a high-frequency AC power source, wireless
power transfer and charging are achieved through a capacitive intermediary consisting of copper-
coated panels and aluminum plates (Huang and Hu, 2015).
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Figure 6. Technique of Capacitive Wireless Power Transfer

2.3. Type of Wireless Charging Systems

Wireless charging systems are divided into three categories: Static Wireless Charging System,
Dynamic Wireless Charging System, and Semi-Dynamic Wireless Charging System (Machura et al.,
2020). These systems are developed to enable charging when the vehicle is stationary or in motion.
The summary of wireless charging systems is shown in Table 2.
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Table 2. Type of Wireless charging systems

Wireless Charging Systems

- Static Wireless Charging System
- Dynamic Wireless Charging System
- Semi-Dynamic Wireless Charging System

2.3.1. Static Wireless Charging System

Vehicles and the charging station are stationary in Static Wireless Charging Systems. The transmitter
coil is mounted under the road or ground with additional power converters and circuits. The receiver
coil is installed on the underside of electric vehicles, either in the front, rear, or center (Panchal et al.,
2018). The power from the transmitter is converted into a suitable form according to the wireless
charging technique used and the charging process is carried out under the control of the battery
management system. An example visual for the Static Wireless Charging System is shown in Figure?7.
The charging time varies depending on the battery capacity and the distance of the air gap between
the receiver and transmitter. In passenger vehicles, this distance typically ranges from 150 to 300 mm
(Klontz et al., 1993). Static wireless electric vehicle charging systems can be installed in homes,
parking lots, shopping centers, and parking areas.

Charging

Station
Battery

Receiver
Transmitter

is under
the ground.

Transmitter

Figure 7. Static wireless charging system

2.3.2. Dynamic Wireless Charging System

Considering the stationary nature of the Static Wireless Charging System and the criteria of pause
and charging time, manufacturers have begun to focus on developing the Dynamic Wireless Charging
System to prevent time loss (Shanmugam et al., 2022).

An example visual for the Dynamic Wireless Charging System is shared in Figure-8. In the Dynamic
Wireless Charging System, the charging process continues while vehicles are in motion. The
widespread adoption and improvement of the Dynamic Wireless Charging System can reduce the
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need for large-scale integrated battery capacity, potentially increasing driving range and thereby
reducing the weight and charging costs of the vehicle (Kalwar et al., 2018).

The transmitter coils are embedded beneath the road at a specific distance, connected to the grid with
a high-frequency alternating current source and compensation circuits. The receiver coil is attached
to the underside of electric vehicles, either in the front, rear, or center. When electric vehicles pass
over the transmitter, the receiver coil captures power from the magnetic field it generates and converts
it into direct current. The battery is then charged under the control of the battery management system.
The Dynamic Wireless Charging System, when considering existing electric vehicles, reduces the
total battery requirements by approximately 20% (Musavi et al., 2012).

Transmitters
are under the
road.

Transmitter

Figure 8. Dynamic wireless charging system
2.3.3. Semi-Dynamic Wireless Charging System

While the Dynamic Wireless Charging System is most suitable for highways, for urban environments,
the Semi-Dynamic Wireless Charging System, which is a hybrid of Static and Dynamic systems, is
more appropriate (Mohamed et al., 2017).

This system, which combines the advantages of both Static and Dynamic Wireless Charging Systems,
provides relief for manufacturers in terms of massive installation costs. While electric vehicles are
charged with Dynamic Wireless Charging in specific areas of the roads, the Charging During Breaks
concept allows vehicles to charge when they come to a stop at traffic lights, buses at stops, taxis at
stands, and similar stopping areas. This method is employed in various stopping locations (B. Zhang
etal., 2021).

2.4. Standards of Wireless Charging

International Electrotechnical Commission (IEC), Underwriters Laboratories (UL) and similar
organizations have published standards for wireless charging of electric vehicles, some of which are
shown in Table 3. The most accepted ones IEC and UL standards are originated in Europe and USA,
respectively. Although these two standards are accepted worldwide, countries publish their own
standards based on these standards. These standards cover aspects related to wireless charging
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structures, safety measures, use cases, connection structures, charging protocols, and similar

specifications.

Table 3. Standards of wireless charging

Organization

Standard Code

Standard Description

International Electro-
mechanical
Commission (IEC)

IEC 63245-1
(IEC 63245-
1:2021, 2021)

Spatial wireless power transfer based on multiple magnetic resonances -
Part 1: Requirements / IEC 63245-1:2021 specifies requirements for spatial
wireless power transfer based on multiple magnetic resonances (SWPT-
MMR), which is a non-radiative wireless power transfer (WPT).

International Electro- IEC/IEEE Determining the peak spatial-average specific absorption rate (SAR) in the
mechanical 62704-2 human body from wireless communications devices, 30 MHz to 6 GHz -
Commission (IEC) (IEC/IEEE Part 2: Specific requirements for finite difference time domain (FDTD)
62704-2:2017, | modelling of exposure from vehicle mounted antennas / IEC/IEEE 62704-
2017) 2:2017 establishes the concepts, techniques, validation procedures,
uncertainties and limitations of the finite difference time domain technique
(FDTD) when used for determining the peak spatial-average and whole-
body average specific absorption rate (SAR) in a standardized human
anatomical model exposed to the electromagnetic field emitted by vehicle
mounted antennas in the frequency range from 30 MHz to 1 GHz, which
covers typical high power mobile radio products and applications.
Underwriters ISO 15118-1 | Road vehicles - Vehicle to grid communication interface - Part 1: General
Laboratories Inc.(UL) (1SO 15118- | information and use case definition / 1SO 15118-1:2019 This document, as

International
Organization for
Standardization (1SO)

1:2019, 2019)

a basis for the other parts of the ISO 15118 series, specifies terms and
definitions, general requirements and use cases for conductive and wireless
HLC between the EVCC and the SECC.

Underwriters
Laboratories Inc.(UL)
International
Organization for
Standardization (1SO)

1SO 15118-8
(1SO 15118-
8:2020, 2020)

Road vehicles - Vehicle to grid communication interface - Part 8: Physical
layer and data link layer requirements for wireless communication / This
document specifies the requirements of the physical and data link layer of a
wireless High Level Communication (HLC) between Electric Vehicles
(EV) and the Electric Vehicle Supply Equipment (EVSE).

Underwriters
Laboratories Inc.(UL)
International
Organization for
Standardization (1SO)

1SO 15118-9
(1SO 15118-
9:2022, 2022)

Road vehicles - Vehicle to grid communication interface - Part 9: Physical
and data link layer conformance test for wireless communication / ISO
15118-9:2022 This document specifies conformance tests in the form of an
abstract test suite (ATS) for a system under test (SUT) implementing an
electric-vehicle or supply-equipment communication controller (EVCC or
SECC) with support for WLAN-based high-level communication (HLC)
according to 1ISO 15118-8 and against the background of 1SO 15118-1.

Underwriters
Laboratories Inc.(UL)
International
Organization for
Standardization (1SO)

ISO 15118-20
(1SO 15118-
20:2022,
2022)

Road vehicles - Vehicle to grid communication interface - Part 20:
Network and application protocol requirements / ISO 15118-20:2022 This
document specifies the communication between the electric vehicle (EV),
including battery electric vehicle (BEV) and plug-in hybrid electric vehicle
(PHEV), and the electric vehicle supply equipment (EVSE). The
application layer messages defined in this document are designed to
support the electricity power transfer between an EV and an EVSE.

Society for
Automobile Engineers
(SAE)

12954-202010
(SAE J2954-
202010, 2020)

Wireless Power Transfer for Light-Duty Plug-In EVs and Alignment
Methodology / The SAE J2954 standard establishes an industry-wide
specification that defines acceptable criteria for interoperability,
electromagnetic compatibility, EMF, minimum performance, safety, and
testing for wireless power transfer (WPT) of light-duty plug-in electric
vehicles.

Japan Electric Vehicle | G106 (JEVS | EV inductive charging system: General requirements
Association G106-2000,
JEVS 2000)
Institute of Electrical IEEE C95.1- | IEEE Standard for Safety Levels with Respect to Human Exposure to
and Electronic 2019 (IEEE Electric, Magnetic, and Electromagnetic Fields, 0 Hz to 300 GHz
Engineers (IEEE) C95.1-2019,
2019)
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The choice and application of the standard are contingent upon the specific country mandating it and
the particular segment of the charging infrastructure it pertains to, encompassing communication
protocols, dispenser specifications, cable standards, power electronic equipment guidelines, as well
as fire and security protocols.

3. Wired Charging System

In a wired charging system, energy from the grid is transported through cables, and compatible
connector structures connect the charging device to the electric vehicle. Through this connection, the
energy from the charging device charges the electric vehicle battery. Wired charging structure is used
in plug-in hybrid vehicles and fully electric vehicles. Wired charging applications can be
implemented in public spaces such as homes, parking lots, and charging stations.

Two compatible connectors are required for the charging process in wired charging applications. The
needed power is obtained from a standard electrical outlet or a public charging station and transferred
to the electric vehicle via a cable. The most significant disadvantage of this application is that the user
has to carry and plug in the cable. Any disconnection or malfunction in the cable can lead to undesired
consequences (Unal et al., 2018). Furthermore, increasing current level increases wire cross sectional
area. After certain level, it becomes heavier than human can carry. So, it needs liquid cooling system
to reduce cross sectional area that increases cost and volume of the system.

Wired charging is essentially divided into two modes: Alternating Current Charging Mode and Direct
Current Charging Mode. Each mode is further divided into different levels. Figure 9 displays a table
and graph illustrating the characteristics of some different charging levels specified by the SAE
standard (Ahmad et al., 2017).

With the introduction of heavy vehicle charging systems, today's charging level has exceeded
megawatts and some of them directly connected to the medium voltage grid. Recently, up to 1250V,
1000A megawatt charging systems (MCSs) are introduced. Standards for such systems are still under
development.

The Characteristics of Different Charging Levels
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Figure 9. The characteristic of different charging levels (Ahmad et al., 2017)
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3.1. Charging Modes

According to the IEC 62196 standard, four different charging modes have been determined for both
electric vehicles and charging equipment. These modes differ in terms of parameters such as control,
protection, communication capabilities, charging application environments, and charging speeds.
Table 4 shows the characteristics of these 4 modes. Figure-10 illustrates a visual representation of
these four modes which is seen in Table 4.

Table 4. Charging modes

Charging | AC/DC Voltage /Ampere Proprietary Control, Environment
Mode Socket communication
and protection
system
1 AC 250V (Single phase) 480V No No Can be used at
(Three phase) Max 16 amps. home
environment
2 AC 250V (Single phase) No Yes Can be used at
480V(Three phase) Max 32 home
amps. environment
3 AC 3.7 KVA (16A, Single-phase Yes Yes Needs to
230V AC)/ 7.4 kVA (32A, special
Single Phase — 230V AC)/ infrastructures
11 kVA (16A, Three-phase —
400V AC)/ 22 kKVA (32 A,
Three-phase — 400V AC)
4 DC 400 A ~200kwW/~240kwW Yes Yes Needs to
special
infrastructures
DC Control and
W
Mode 4
| |
AC  Control and
Mode 3
Control and
AC communication
»— -
Mode 2
AC
Mode 1
A

Figure 10. Visual representation of these four modes
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While AC system for low power level, DC system has more power and it still increasing. Although
MV megawatt class standard has not been introduced yet, the highest power shown in Table 4 not
limited with 240kW.

3.1.1. Mode 1

This charging mode can be applied in home environments. For Mode 1, the electrical capabilities
vary depending on the country, with current values ranging from 8 A to 16 A, and voltage values at
480 V for three phases and 240 V for single phase (Acharige et al., 2023). This mode uses a standard
power socket cable. This cable does not have control and protection structures. Therefore, the use of
this mode can be hazardous, and its use is prohibited in many countries (Trivifio et al., 2021).

3.1.2. Mode 2

In Mode 2, the charging cable includes an in-cable control and protection device (IC-CPD), and it
can be applied in home environments similar to Mode 1. Thanks to the control and protection
structure, Mode 2 provides significantly more control and protection compared to Mode 1, albeit at a
limited level. However, due to its electrical capacity, it can provide a restricted amount of power
transfer (Trivifio et al., 2021). This mode can provide a maximum power flow of 32 A / 15,3 kW in
AC. In Mode 2, a voltage of 240 V can be applied in single-phase, and in three phases, a voltage of
480 V can be applied (BS EN IEC 61851-1:2019, 2019).

3.1.3. Mode 3

Mode 3, which offers much more advanced control, protection, and a higher level of power transfer
compared to Mode 1 and Mode 2, is used with AC charging stations. Due to its power transfer
capacity and control and protection structures, it is widely used worldwide (Trivifio et al., 2021).
While performing power transfer on the station side, Mode 3 charging mode actively utilizes
continuous control, communication, and protection structures. Special structures integrated into the
station are required for the effective use of these features in Mode 3 charging mode.

In Mode 3 charging mode, the energy obtained from the AC charging station is transferred to the
electric vehicle through specially designed cables, connectors, and sockets. This AC energy is
converted to DC on the electric vehicle side and charges the electric vehicle battery under the control
of the battery management system. In three phases, depending on the infrastructure and energy levels,
it enables power transfer of 11 kW (400V /16A), 22 kW (400V /32A), and 43 kW (400V /63A) (BS
EN IEC 61851-1:2019).

3.1.4. Mode 4

Mode 4 is a mode used for fast charging systems in fixed charging stations. It directly delivers energy
to the vehicle as DC. This process eliminates the need for AC-DC conversion by the built-in charger
on the vehicle, reducing charging times. Similar to Mode 3, Mode 4 also utilizes advanced control,
communication, and protection structures. Therefore, a special infrastructure integrated into the
station is required for Mode 4 (Kersten et al., 2021).

The DC charging option used to be added to vehicles as an optional feature due to its high cost by
manufacturers until recently. However, this situation has started to become standard in recently. In
addition, for DC charging to be possible, the DC charging mode must be installed and operational on
the station side. In Mode 4 DC charging, the energy from the grid is converted from AC to DC on the
station side. The external charging unit used for this conversion is called the external charger, and as
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a result, the built-in charger on the electric vehicle is not used for this process (Triviiio et al., 2021).
The energy converted to DC is transferred to the electric vehicle through specially designed cables,
connectors, and sockets. Control, protection, and communication structures actively operate from the
charging preparation process to the completion process. Charging occurs under the control of the
battery management system on the electric vehicle side.

Depending on the infrastructure used in Mode 4 and the capabilities of the receiving side, energy up
to 1000 V (DC) voltage and 400 A current, providing 400 kW, can be delivered (BS EN IEC 61851-
1:2019). Recently, megawatt class charging system introduced their voltage end current level exceed
the 1000 A @1250VDC.

3.2. Wired Charging Standards

Ideally, having a single standard connection and charging structure for all electric vehicles and
charging stations worldwide could provide convenience. However, on a global scale, different
manufacturers or groups of manufacturers in different regions have developed their own unique
charging structures, following standards set by relevant authorities such as SAE, IEC, IEE, GB/T.
These structures may vary from model to model. In general, these structures affect aspects such as
how the connector and socket structure will be for charging electric vehicles, which method will be
used for communication protocols, and what the power capacities will be. The developed structures
are shown in Table 5 (GB/T 20234.2-2015, 2015).

Table 5. Wired charging standards

Standard | |gC SAE GB/T | CCS CCS CHAdeMO | Tesla | GB/T Chaoji
62196- | J1772 AC | Combo 1 | Combo | &IEC DC&GB
2 20203 | & SAE | 2&SAE | 62196-4 T
4.2 1772 & | 1772 202034.3
IEC & IEC
62196-3 62196-3
Region EU North China | North EU Japan us China Japan/C
America/ America/ hina
US/Japa uUs
n
Max ~33 ~166 KW | ~48 200 kKW 350 kw | 400 kW 250 250 kW 900 kW
Power KW KW kw
Start Date 2009 2009 2015 2014 2013 2009 2012 2013 2020
Power AC AC AC DC DC DC AC/DC | DC DC
Type

In addition to these standards, there are many different standard groups determined by authorities for
wired charging, including SAE, IEC, ISO, and GB/T. These standards provide instructions and
information on the electrical characteristics, connection structures, communication standards, and
many other features for charging structures on both the electric vehicle and charging station sides.
Some of these standards are shown in Table 6 (Acharige et al., 2023; Ahmad et al., 2017; Rachid et
al., 2022).

Which standard will be used and how it will be used depends on which country the standard is
required for and which part of the charging system it is related to, such as communication, dispenser,
cable, power electronic equipment, fire and security. Factors such as communication protocols
determine how charging stations interact with vehicles and network systems, while dispatcher
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functionality standards enable efficient and user-friendly charging experiences. While cable
specifications and power electronic equipment standards govern the efficiency and reliability of
power transmission, fire and safety regulations are crucial to ensuring public safety and protecting
against potential hazards. The selection and implementation of standards for electric vehicle charging
infrastructure varies depending on the specific needs and priorities of each country and the functions
of each component within the system. The standards that are generally accepted worldwide are the
standards set by the European Union and the USA. Although the standards groups led by both
countries are not exactly the same, they contain high similarities. However, there are countries that

use their own standards, including China and Japan.

Table 6. Wired charging standards specified by authorities

Standard Standard Description

IEC 6185123 Electric Vehicle (EV) conductive charging system part 23: DC EV charging station.

IEC 621961 Vehicle Connectors, Socket Outlets, Plugs, and Vehicle Inlets Conductive Charging
of EVs Part 1: General Requirements.

IEC 621962 Vehicle Connectors, Socket Outlets, Plugs, and Vehicle Inlets Conductive Charging
of EVs Part 2: Contact Tube Accessories.

IEC 621963 Vehicle Connectors, Socket Outlets, Plugs, and Vehicle Inlets Conductive Charging
of EVs Part 3: Contact tube Vehicle Couplers and Dimensional Compatibility &
Interchangeability Requirements for DC Pin.

IEC 60038 Standards for the voltage for charging applications.

IEC 60664-1 Installation coordination for charging equipment in low-voltage supply.

IEC 62752 Standards for cable control and protection devices.

ISO 15118 Standards for V2G communication protocols and interfaces.

ISO 17409 Specifications for the connection of EV with an external energy source.

SAE J 1772 Conductive charge coupler for EV and PHEV.

SAE J2344 Guidelines for EV safety.

SAE J2953 Standards for interoperability of EV and charger.

SAE J2847/1 Communication between EV and the grid.

SAE J3068 EV power transfer system using a three-phase AC capable coupling.

GB/T 18487.1 Part 1: Details of general requirements for EV conductive charging system.

GB/T 18487.2 EVs requirements for conductive connection to an AC/DC supply.

GB/T 18487.3 EV conductive charging system AC/DC EV charging station.

GBI/T 20234.1 Part 1: General Requirements for Connection Set for Conductive Charging of EVs.

GB/T 20234.2 Part 2: AC charging coupler for Connection Set for Conductive Charging of EVs.

GBI/T 20234.3 Part 3: DC charging coupler for Connection set for charging conductive charging of
EVs.

GB/T QC/T 895 | Detail of EVs On-board Conductive Charger
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3.2.1. CCS

Combined Charging System (CCS) is a charging standard developed according to the SAE J1772
standard, used by many automotive manufacturers such as Audi, Porsche, Honda, Kia, Fiat, Hyundai,
Volvo, Smart, MINI, General Motors, Ford, Chrysler, Dodge, Jeep, BMW, Mercedes, VVolkswagen,
Jaguar, Land Rover, Bentley, Rolls Royce in Europe and North America. Tesla produces the
European model of Model-3 with a compatible CCS connection structure and also provides a separate
CCS converter for its other models (Ekici et al., 2021).

According to the CCS charging standard, both AC charging mode and DC fast charging mode can be
implemented (National Academies of Sciences, 2021). For the DC charging mode, there are two pins
at the bottom of the connector. The CCS charging standard uses CCS-Combo-1 structures in America
and CCS-Combo-2 structures in Europe for the DC charging mode. For the AC charging mode, CCS-
Type-1 structures are used in America, and CCS-Type-2 structures are used in Europe. Connector
structures for CCS are shared in Table 7 (Rachid et al., 2022).

Table 7. CCS connector structure

CCS Combo CCS Combo Connector Structure Region Function
Connector
Definition
Type 1 - North Single-phase AC
America | charging with Type 1
. EV plug
Combo 1 W North_ DC fast charging via
America | dedicated pins with
CCS
Combo 1 EV plug

Type 2 Europe AC charging with

Type 2 EV plug

Combo 2 Europe DC fast charging via

dedicated pins with
CCS
Combo 2 EV plug

3.2.2. CHAdeMO
CHAdeMO (Charge de Move) is a charging standard used by manufacturers such as Mitsubishi and

Nissan in Japan. It is developed based on the GB/T 20234 and IEC 62196-4 standards (INL, 2010).
When charging with J1772 compliant charging stations, an intermediate cable is required.
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Currently, CHAdeMO provides fast DC charging capabilities ranging from 6 kW to 400 kW.
CHAdeMO does not have an alternative current charging mode, so in Japan, SAE J1772 Type-1 is
used for AC charging mode. Connector structures for CHAdeMO are shown in Figure 11(Rachid et
al., 2022).

Figure 11. CHAdeMO connector structure (Rachid et al., 2022)

3.2.3.GBIT

GB/T 20234-2015 charging standard is used for both AC charging mode and DC fast charging mode
in China (GB/T 20234.1-2015, 2015). GB/T 202034.2 standard specifies the AC charging mode,
while GB/T 202034.3 specifies the DC charging mode.

The GB/T charging standard provides a maximum of 8 kW energy in the AC single-phase charging
mode with 250 V voltage and 10/16/32 A current. In the AC three-phase charging mode, it offers a
maximum of 48 kW energy with 440 V voltage and 16/32/63 A current. In the DC charging mode, it
provides a maximum of 250 kW energy with 700/1000 V voltage and 80/125/200/250 A current
(GB/T 20234.3-2015, 2015). In Figure 12, the GB/T 202034.2 AC charging connector structure and
GB/T 202034.3 DC charging connector structure are illustrated (Rachid et al., 2022).

GBIT 202034.2 AC
SOCKET PLUG

GB/T 202034.3 DC
SOCKET PLUG

Figure 12. GB/T connector structure (Rachid et al., 2022)

3.2.4. Tesla

Tesla manufactures the EV charging connector structure based on the region where the vehicle is
sold. Accordingly, the U.S. version is also sold in Canada, Mexico, Japan, and Taiwan, equipped with
a special Tesla inlet as shown in Figure 13a. In contrast, Figure-13b illustrates the addition of a dual

inlet for the Tesla vehicle in China. One of these inlets is for AC GB/T charging mode connection,
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and the other is for DC GB/T charging mode connection. Finally, it is shown in Figure-13c that the
Tesla vehicle sold in Europe uses the CCS-Type-2 connection structure for AC charging mode, and
in Figure-13d, it uses the CCS-Combo-2 connection structure for DC charging mode (Herron, 2019).

Tesla provides different connection structures for both AC and DC charging modes at all charging
levels. Tesla Supercharger stations offer high-speed charging through their own charging
infrastructure, and the connectors can transfer electric power at 72 kW, 150 kW, or 250 kW.

(b)

Figure 13. Tesla inlet structure by regions: (a) U.S.; (b) China; (c) Europe and (d) Europe (Rachid
et al., 2022)

3.3. Communication Protocols for Wired Charging

In wired charging systems, communication between the electric vehicle battery system and the
charging station is generally achieved using CAN-Bus and Power Line Communication (PLC)
protocols. Table 8 illustrates which communication protocols are used by wired charging standards
worldwide.

Table 8. Communication protocols of wired charging standards

Standard | |EC | SAE | GB/T | CCS cCs CHAdeMO&IE | Tesl | GB/T | Chaoj
621 | J177 | AC | Combo | Combo2&SA | C 62196-4 a DC&G | i
9- | 2 2020 |1 & | E 1772 & B/T
2 342 | SAE177 | IEC 62196-3 202034.
2 & IEC 3
62196-3
Protocol PL | PLC CAN | PLC PLC CAN Bus CA | CAN CAN
C Bus N Bus Bus
Bus
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3.3.1. CAN-Bus

The Controller Area Network protocol (CAN or CAN-Bus) is a differential two-wire, bidirectional
serial communication method that enables electronic subsystems to be interconnected within a
network and interact with each other on the same network (Typhoon HIL, 2023).

In the early 1980s, with the increasing use of electronic control units in vehicles, the amount of cables
used inside vehicles also increased. This, in turn, added extra weight to vehicles and reduced fuel
efficiency. As a result, companies like Germany's Robert Bosch began searching for a new data
transmission system that would facilitate communication between multiple electronic control units
(ECUs) and vehicle systems, while eliminating the need for additional communication control cables.
However, they did not achieve the desired results. Therefore, Bosch, Mercedes-Benz, Intel®, and
several German universities collaborated to develop the CAN-Bus protocol. In 1986, Bosch
introduced the CAN standard at the SAE Congress in Detroit. A year later, Intel® began shipping the
first CAN controller chips. This innovation replaced the heavy cables used for communication control
in vehicles with a two-wire CAN-Bus, significantly reducing the cable load in vehicles. This marked
a significant change in the automotive industry.

The CAN-Bus communication protocol is widely used in the automotive sector. In addition to
automobiles, it is also employed in other applications such as aircraft, marine vessels, factory
production lines, medical devices, and household appliances like washing machines.

3.3.1.1. Operating Principle of CAN-Bus

The CAN-Bus communication protocol, along with its data transmission principles, is defined by the
International Organization for Standardization (ISO) in the 1SO-11898:2003 standard (Corrigan,
2016). Communication between devices connected to a network in the physical environment is
defined by the physical layer of the model. The seven-layer model defined according to the ISO 11898
architecture is shown in Figure 14.

The CAN-Bus communication protocol consists of interconnected nodes on a network. Each of these
nodes is connected in the physical layer via differential CAN lines. Each node represents a point
where these structures are connected to the network to communicate with an Electronic Control Unit
(ECU) or similar structures.

CAN communication protocol is a protocol with Carrier Sense, Multiple Access, Collision Detection,
Message Arbitration, and Collision Resolution on Message Priority (CD+AMP/CSMA) features.
CSMA ensures that each node remains passive before sending data. CD+AMP means that collisions
are resolved through bit-level detection based on pre-programmed priority for each message in the
message identifier field. Access priority on the bus is always provided for a higher-priority message
(Corrigan, 2016).

Application Layer Microcontroller | CAN controller
Data - Link| Logic Link Control CAN Controller Embedded
Layer Medium Access Control or seperate
Physical Signaling v i . o
Physical hvsical Medi h ‘ CAN Transceiver | Electrical Specifications;
Layer P y5|.ca Medium Attachment 7 + Transceivers,
Medium-Dependent Interface ‘ CAN Bus - Line ‘ Connectors, Cable

Figure 14. Architecture of CAN-Bus standard according to 1SO 11988 (Corrigan, 2016)
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CAN communication standard is divided into three groups: Standard CAN-Bus, Extended CAN-Bus,
and CAN-Bus FD. The general differences between these three groups are shown in Table 9
(Corrigan, 2016).

Table 9. CAN-Bus communication groups

Order | STANDARD CAN- EXTENDED CAN- CAN-Bus FD
BUS BUS
1 Initially developed for automotive applications, | Itisanenhanced version of the classical CAN-
Bus protocol, providing the capability to
upgrade all features of CAN-Bus.

2 The DATA length is fixed at 8 bytes (DLC - Data | The DATA length is flexible and can be set to

Length Code). 0, 8,12, 16, 20, 24, 32, 48, or 64 bytes (DLC
- Data Length Code).

3 It is an ideal option for applications with a large | It provides enhanced functionality for
number of ECUs and where the bandwidth | applications with advanced data exchange and
requirement is low. bandwidth requirements due to flexible signal

transmission.

4 The maximum communication speed is 1 Mbps. | It provides communication speeds ranging

from 2.5 to 8 Mbps.

5 It is not compatible with higher-level protocols | It is compatible with lower-level protocols,
like CAN-Bus FD similar to Classical CAN-Bus.

6 The message identifier | The message identifier | Message identifier field can be set as 11 bits
field is 11 bits. field is 29 bits. or 29 bits.

3.3.1.2. Standard CAN-Bus

The message structure of Standard CAN-Bus communication is shown in Table 10 (Corrigan, 2016).

Table 10. Message structure of standard CAN-Bus :11-bit identifier

Bit No 1 2 3 4 5|6 7 8 9 10 11 | 12
Conten | SO | 11- bit RT 1D r | DLC | 0.....8 CR ACK | EOF | IFS | IDLE

The bit-wise meanings of the expressions given in Table 10 are explained below, respectively:

1. The Start of Frame (SOF) bit field in the message structure contains information about the
beginning of the message. This field is also used to ensure synchronization between nodes
on the bus after the waiting time.

2. The 11-bit Identifier bit field determines the message priority. When two messages are
compared, the message with a higher value in this bit field is considered more prioritized.

3. RTR (Remote Transmission Request) bit is active when information is requested from a
different node. All nodes receive this information request, but the identifier determines
which node will transmit the information. Similarly, the sent response is transmitted to all
nodes. Any node interested in this information can use it. This way, all data used in the
system remains in the same format. The main purpose of this bit is to indicate that a remote
data request is made. When a remote data request is made, this bit is sent as 1. In a regular
data transmission, this bit is sent as 0.
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4. |DE (ldentifier Extension) bit indicates whether standard CAN-Bus communication is used,

implying that the extended mode is not employed.

rO bit is a reserved bit for future use, to be utilized if needed.

DLC (Data Length Code) bit field determines how many bytes the transmitted data will be.

In Standard CAN-Bus communication, data transmission can be up to 64 bits (8 byte).

CRC (Cyclic Redundancy Check) bit field is used for error detection purposes by employing

a checksum.

9. ACK (Acknowledgment) bit field conveys information to the transmitting node about
whether the message has reached its destination correctly by manipulating these bits. If
information about the message being received incorrectly is conveyed, the transmitting node
repeats its response.

10. EOF (End of Frame) bit signals the end of the message.

11. IFS (Inter frame Space) bit field is used to adjust the time required by the controller to move
a correctly received message to the appropriate location in the buffer area.

12. IDLE state is used to ensure the synchronized transfer of a message from the transmitter to
the receiver during message transmission. No CAN message is transmitted in the IDLE
state. Instead, 8 bits of a recessive message are transmitted to the connected nodes.

NG

3.3.1.3. Extended CAN-Bus

The message structure of Extended CAN-Bus communication is illustrated in Table 11 (Corrigan,
2016).

Table 11. Message structure of extended CAN-Bus: 29-bit identifier

IDL | SO | 11- bit| SR | IDE | 18-bit r |r |DL |0.... |CR | AC |EO |IF |IDL
E F Identifie | R -A Identifie |1 |0 | C 8 C K F S E
r r Byte
S
Data

In the Extended CAN-Bus message structure, there are additional 18-bit identifier bits, an SRR
(Substitute Remote Request) bit, an additional IDE-A bit, and an additional r1 bit, which differ from
the standard CAN-Bus message structure (Corrigan, 2016). The SRR bit takes the place of the RTR
bit. While the additional IDE-A bit indicates the usage of the 18-bit identifier extension, the rl bit
has been added to the Extended CAN-Bus message structure in addition to rO for later usage.

3.3.1.4. CAN-Bus FD (Flexible Data)

The message structure of CAN-Bus FD communication is illustrated in Table 12 (Lennartson, 2015).

Table 12. Message structure of CAN-Bus FD

ID S | 11-bit/ 29 | R| | ED | FD | BR | E D 0..... |CR | AC | AC EO | IF | ID

LE O | —hit R D |L F S SI | LC | 64 C K KD F S LE
F | Identifier | S| E Bytes
Data

The CAN-Bus FD (Flexible Data rate) protocol has been developed as an enhanced communication
protocol with advanced and higher communication capabilities through additions to classic CAN-Bus
communication. This development comes as a response to the classic CAN-Bus communication
falling behind in adapting to technological advancements. The CAN-Bus FD protocol is defined in
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the 1SO 11898-1:2024 standard (1SO 11898-1:2024, 2024). CAN-Bus FD offers a cost-effective
communication protocol with increased bandwidth for the automotive and other industries.
Additionally, almost every feature of classic CAN-Bus in CAN-Bus FD has been elevated to a higher
level, with added capabilities for wider data transfer and broader communication bandwidth.
Furthermore, CAN-Bus FD supports legacy structures used in classic CAN-Bus.

Structures in the message format of CAN-Bus FD that differ from classic CAN-Bus include:

1. The RRS (Remote Request Substitution) bit is always transmitted as 0, unlike in classic
CAN-Bus. This is because CAN-Bus FD does not support remote data requests. The
name has been changed to RRS due to the difference in usage.

2. The FDF (Flexible Data Rate) Format bit indicates the use of the FD format for
communication and is always transmitted as 1.

3. The EDL (Extended Data Length) bit is used to manage larger data and facilitate faster
communication. It is always transmitted as 1.

4. The BRS (Bit Rate Switch) bit field determines the bit rate of the message:

a. When bit is set as 0, it indicates communication at up to 1Mbit/sec.
b. When bit is set as 1, it indicates communication at up to 5Mbit/sec for CAN-Bus
FD.
5. The ESI (Error State Indicator) bit indicates the error state:
a. When bit is set as 0, it indicates that the error state is active.
b. When bit is set as 1, it indicates that the error state is passive.

3.3.2. Power Line Communication (PLC)

Power Line Communication (PLC) refers to the transmission of data over existing low, medium, and
high-voltage power infrastructure (Koch, 2015).

While the experimentation and development of PLC protocols date back to the early 1900s, the
widespread adoption of its applications is relatively more recent compared to CAN-Bus. It was
developed with the purpose of enabling communication over power lines to eliminate the need for
additional cables in wired systems. PLC finds a wide range of applications, including smart grids,
home automation, internet access, remote monitoring and control, energy management, automotive
applications, electric vehicle charging stations, smart cities, and industrial automation (Lampe et al.,
2016).

The specifications for the PLC protocol are outlined in standards such as IEEE 1901, ISO 15118-
3:2015, and others. While the IEEE 1901 standard provides a general and broad framework for the
PLC protocol, the ISO 15118-3:2015 standard specifies structures tailored for its use in the
automotive domain (IEEE 1901-2020, 2020; ISO 15118-3:2015, 2015).

The configuration structure of a typical distributed control system PLC module is shown in Figure 15
(Lita and Visan, 2012). The fundamental operating principle of PLC is based on the modulation of
data by the transmitter and the demodulation of received data by the receiver. In the PLC protocol, a
user can control all structures connected to the same power line.

PLC has four different types: 'In-house networking,' 'Broadband over Power Line," ‘Narrowband in-

house applications,’ and 'Narrowband outdoor applications.’ Descriptions for these types are provided
in Table 13 (Ferreira et al., 2011).
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Table 13. Types of Power Line Communication

Types of PLC Explanation

In -house networking | It provides high-speed data communication over the household's main power grid.

Broadband over | BPL (Broadband over Power Line) is a type of PLC (Power Line Communication)

Power Line(BPL) technology that provides internet access using data transmission over electrical
power lines.

Narrowband in- | It allows low-speed data transfer over the household's main power grid for home

house applications automation and intra-home connections.

Narrowband outdoor | It enables the use of power lines for communication in surveillance systems,
applications measurement systems, or Electric Vehicles (EVs) for battery charging station
communication.

L 4 L 4 .
220V NS
PLC Transceiver PLC Transceiver
. User application ) User application
for control system for control system
PLC Controller PLC Controller
ECU1 Ecu2 L.

Figure 15. The configuration structure of a typical distributed control system's Power Line
Communication module (Lita & Visan, 2012).

4. Future of EV Charging Technology

Electric vehicle technology continues to be developed and improved in various ways today. The
battery and charging system, among the most critical components for electric vehicles, play a
significant role in increasing the range, extending battery life, and reducing charging times. Therefore,
these components in electric vehicles are constantly evolving.

Over the years, various types of batteries, battery management systems, charging stations, and
charging systems have been developed, varying from region to region and manufacturer to
manufacturer. This diversity can unfortunately lead to compatibility issues in charging electric
vehicles in different regions. Hence, efforts are ongoing worldwide to unify the electric vehicle
charging infrastructure under a common standard.

Japan and China are actively working on developing a shared charging infrastructure standard in their

regions through the Chaoji standard. Organizations such as CHAdeMO in Japan and the China

Electricity Council (CEC) in China collaborate on the international development of high-speed DC

charging standards. Their joint efforts aim to establish a standardized approach for charging electric

vehicles globally (Liu Yong Dong, 2020). The Chaoji standard is aimed at being compatible with the
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older versions of CHAdeMO and GB/T standards (Boyd, 2019). The information regarding the Chaoji
standard is provided in Table 5, and prototype images for the connection structure of the Chaoji
standard are shared in Figure 16.

Figure 16. Inlet-socket prototype of the Chaoji standard

Project_|2020 2025 |20 Jaoss 200
GBT
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Chaaji
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Common |
Stdandard

CCS

Figure 17. The table forecasting the process of converging charging into a single common standard

The Chaoji standard can be considered a pioneering effort towards developing a universal standard
for all electric vehicles worldwide. In line with the progress of technology, transitioning to such a
standard is planned in the coming years. Figure 17 illustrates the anticipated outcome in the literature,
where a single standard that is compatible with all electric vehicles is expected to emerge as a result
of these efforts (NI Feng, 2023).

5. Discussion

The history of electric vehicle technology, although dating back to the past, can be considered a more
innovative and adaptable technology in today's structure. Additionally, the increasing prevalence of
electric vehicle usage compels continuous development in battery technology, electric motor
technology, charging systems, and communication protocols to offer more environmentally friendly,
efficient, and effective solutions.

Due to lifespan, range, charging time and similar factors, battery system performance has a critical
importance for electric vehicles. The strength and reliability of battery performance are not solely
dependent on the type and design of the battery system but are also influenced by the charging system,
which is another crucial factor affecting the battery system.
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This article provides a general overview of the literature and practical methods, standards, and
capabilities applied to both wired and wireless charging systems for electric vehicles. It delves into
the CAN-Bus and PLC standards facilitating communication between the vehicle's battery system
and the charging station in wired charging systems. The study covers various structures used by
different manufacturers for electric vehicles.

The development of improvements for both wired and wireless systems is expected to continue, with
dynamic and semi-dynamic charging systems holding significant potential for the future of wireless
charging. Integrating these systems into cities and roads is shown to contribute significantly to
meeting charging needs quickly and efficiently, thereby increasing the range of electric vehicles.
However, the integration of these structures into cities and roads requires comprehensive and costly
infrastructure work.

In this context, the study also provides an insight into various wireless power transfer techniques,
such as Microwave Wireless Power Transfer, Laser Optical Wireless Power Transfer, Resonant
Inductive Wireless Power Transfer, Magnetic Gear Wireless Power Transfer, Inductive Wireless
Power Transfer, and Capacitive Wireless Power Transfer.

Regarding wired charging, the article explores the presence of various charging structures. It explains
the capabilities of charging modes, Mod 1, Mod 2, Mod 3, and Mod 4. Widely used global charging
standards, including CCS, CHAdeMO, GB/T, and TESLA, are examined. It is indicated that
CHAdeMO and GB/T are expected to merge under a single standard called Chaoji in the future. The
article also highlights ongoing efforts for a single global standard for wired charging systems.

The study delves into the protocols facilitating communication between the battery system and the
charging station in wired charging systems. It reveals the use of Power Line Communication in the
CCS charging system and the CAN-Bus communication protocol in CHAdeMO, GB/T, and TESLA
systems. The general topologies of PLC and CAN-Bus protocols are explained.

6. Conclusion

The development of battery and charging systems is crucial for the advancement of electric vehicles.
The progress of these technologies will make electric vehicle usage more widespread and reliable.
Therefore, developments in this field are continuously relevant. It is anticipated that, in the future,
wired and wireless charging systems will converge into a single common standard accessible for any
electric vehicle worldwide. The power of electric vehicles is experiencing continuous growth, with a
notable surge in electrification observed in electric buses and trucks. The integration of diverse
devices like mine machines, ships, trains, and trolleybuses into the system has introduced gaps, both
in the structure and characteristics of chargers, as well as in the standards governing them. This
research delves into the study and comparison of international standards employed in the charging
systems of electric vehicles. The prevalent charging standards are categorized into three segments:
wired, wireless, and battery replacement. These standards are further analyzed based on criteria such
as maximum power output, connector type, and communication protocols. Consequently, the study
presents an overview of the overarching characteristics of electric vehicle charging standards,
encompassing their electrical capabilities, connection types, communication protocol structures, and
the general framework of these communication standards. The study shows that international
standards currently fall short in adapting to the evolving landscape of new systems, particularly
megawatt charging systems. Presently, there is no unified structure for socket and charging systems,
whether for low or medium power. Furthermore, there is a dearth of accepted standards and
equipment, encompassing sockets and charging systems, specifically designed for megawatt-scale
applications.
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