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ABSTRAK 

Penelitian ini bertujuan untuk menganalisisِ perbedaanِ emisiِ karbonِ dioksidaِ (CO₂)ِ

antara beton normal yang menggunakan semen Portland dan beton dengan substitusi fly ash 

sebesar 15% terhadap berat semen sebagai upaya mendukung pengembangan material 

konstruksi yang lebih ramah lingkungan. Penelitian menggunakan metode eksperimental 

dengan pendekatan analisis deskriptif kuantitatif melalui pembuatan dan pengujian langsung 

benda uji beton di laboratorium. Perencanaan campuran beton mengacu pada SNI 03-2834-

2000 dengan kuat tekan rencana 20 MPa. Sebanyak 10 benda uji silinder berukuran 10 cm × 

20 cm dibuat, terdiri atas 5 sampel beton normal dan 5 sampel beton dengan substitusi fly ash 

15%, kemudian dirawat selama 28 hari dan diuji kuat tekannya sesuai SNI 1974:2011. Analisis 

jejak karbon dilakukan dengan menghitung emisi pada fase produksi bahan baku, penggunaan 

energiِlistrik,ِtransportasiِmaterial,ِsertaِindeksِemisiِCO₂ِterhadapِkuatِtekanِ(CO₂e/MPa).ِ

HasilِpenelitianِmenunjukkanِbahwaِemisiِCO₂ِpadaِfaseِproduksiِbahanِbakuِbetonِnormalِ

sebesarِ3,24ِkgِCO₂e,ِsedangkanِbetonِ fly ash sebesarِ2,78ِkgِCO₂eِatauِmenurunِsebesarِ

14,2%. Namun, setelah memperhitungkan emisi energi listrik dan transportasi, total emisi 

betonِnormalِsebesarِ38,56ِkgِCO₂eِdanِbetonِfly ash sebesarِ39,93ِkgِCO₂e.ِBetonِfly ash 

menghasilkan kuat tekan 24,23 MPa, lebih rendah 10,75% dibandingkan beton normal sebesar 

27,15 MPa, tetapi masih memenuhi persyaratan struktural. Nilai indeks emisi beton normal 

sebesarِ 1,42ِ CO₂e/MPa,ِ sedangkanِ betonِ fly ash sebesarِ 1,65ِ CO₂e/MPa.ِ Meskipunِ

penggunaan fly ash mampu menurunkan emisi pada fase produksi material, efektivitas 

pengurangan emisi secara keseluruhan dipengaruhi oleh faktor logistik dan jarak distribusi 

material dalam rantai pasok konstruksi. 

Kata kunci: emisi karbon, abu terbang, beton, semen portland, kuat tekan beton. 
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ABSTRACT 

This study aims to analyze the differences in carbon dioxide (CO₂) emissions between 

conventional concrete using Portland cement and concrete incorporating a 15% fly ash 

substitution by cement weight as an effort to support the development of more environmentally 

friendly construction materials. The research employed an experimental method with a 

quantitative descriptive analysis approach through the direct production and testing of 

concrete specimens in a laboratory. The concrete mix design was developed based on SNI 03-

2834-2000 with a target compressive strength of 20 MPa. A total of 10 cylindrical specimens 

measuring 10 cm × 20 cm were prepared, consisting of 5 normal concrete samples and 5 

concrete samples with 15% fly ash substitution. The specimens were cured for 28 days and 

subsequently tested for compressive strength in accordance with SNI 1974:2011. Carbon 

footprint analysis was conducted by calculating emissions from raw material production, 

electricity consumption, material transportation, and the CO₂ emission index relative to 

compressive strength (CO₂e/MPa). The results showed that CO₂ emissions from the raw 

material production phase were 3.24 kg CO₂e for normal concrete and 2.78 kg CO₂e for fly 

ash concrete, representing a reduction of 14.2%. However, after accounting for emissions from 

electricity use and transportation, the total emissions were 38.56 kg CO₂e for normal concrete 

and 39.93 kg CO₂e for fly ash concrete. Fly ash concrete achieved a compressive strength of 

24.23 MPa, which was 10.75% lower than that of normal concrete (27.15 MPa), but it still 

satisfied structural requirements. The emission index of normal concrete was 1.42 CO₂e/MPa, 

while that of fly ash concrete was 1.65 CO₂e/MPa. Although the use of fly ash reduced 

emissions during the material production phase, the overall effectiveness of emission reduction 

was influenced by logistical factors and transportation distances within the construction supply 

chain. 

Keywords: carbon emissions, fly ash, concrete, Portland cement, compressive strength. 
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