LCA equations and parameters

Parameters and value:

Erm — the energy consumption of raw materials;

E, — the energy consumption of waste materials in manufacture;

En — the energy consumption in the material phase;

m — the mass of raw materials;

Mf — the mass correcting factor to compensate the mass loss in manufacture;
H, — the embodied energy constant of virgin raw materials;

H,. — the embodied energy constant of the recycled part in raw materials;

R, — the fraction of the recycled part in raw materials;

H, — the energy constant of waste collection;

H,y, — the embodied energy constant of waste materials;

N — the total number of ingredients in the formulation;

Z; — the number of processes for ingredient i;

Hp — the energy constant of a raw material manufacture process;

Mp; — the mass of ingredient i;

M fri — the mass correction factor of process number j for ingredient i;

Y — the total process number of a semi-finished product;

p — the percentage of the cut-off materials in a process;

Hp — the energy constant of a semi-finished product manufacture process;
Cf;(m) — the mass conversion factor of the process number j of the semi-finished product;
Epsr — the manufacture energy of raw materials;

Epgp — the manufacture energy of the semi-finished product;

Epy — the energy consumption in manufacture stage;

E; — the energy consumption in transport stage;

n — the number of transports;

Hy; — the energy constant of transport number j;

D; — the distance of transport number j;

E, — the energy consumption in use stage;

H, — the energy constant of use depending on the vehicles it is applied;

C, — the energy equivalence for electric transporting tools depending on countries;
DL — the lifelong working days of the product;

Dgqy — the average moving distance per day of the transporting tool in life cycle;
E,; — the energy consumption of disposal;

EOL — the way of end-of-life;

E — the total energy consumption in lifecycle;

CF — the total CO, footprint in lifecycle;

a — the conversion factor between energy and COy;

CEyn, CFyy, CFyf, CF, and CF, are corresponding parameter of CO, footprint in the material, manufacture,
transport, use and disposal phase, respectively. The detail parameters labeled ‘CF’ for CO, footprint has the
same meaning as labeled with ‘E” for energy consumption. For example, H,, means the energy constant of virgin
raw materials, while CE, represents the CO, constant of virgin raw materials.



Table 1: Key parameter values for LCA calculation.

arameters Hv HRl HR2 Hc Hrc Htl Ht2 Hu
> P (MJ/kg) | (MI/kg) | (MJ/kg) | (MJI/kg) | (MJ/kg) | (MJ/kg) | (MJI/kg) | (MJ/kg)
E Recycled powder 0.92 0 0.3 0.2 0.92 0.35 0.82 1.7
Ll Phenolic resin 92.6 0 0.3 0.2 92.5 0.35 0.82 1.7
formula materials Not listed
CF, CFr1 CFr2 CF. CFre CFyu CFp CFy
arameters
N P (9/kg) | (g9tkg) | (alkg) | (g/kg) | (atkg) | (akg) | (g/kg) | (g/kg)
8 |_Recycled powder 81 0 23 14 81 25 59 72
Phenolic resin 4310 0 23 14 4210 25 59 712
formula materials Not listed
m D, D, Dya
arameters R C a DL y EOL
s| P L@ | P m) | m) | (km)
g Recycled powder 0 | 1455 | 5% | O 500 50 1 10.07 | 3000 15 landfill
O Phenolic resin 0 127 | 5% | O 500 50 1 | 0.07 | 3000 15 landfill
formula materials Not listed
Equations:
Erp=m- Mcf ' (Hv ' (1 - Rc) + H.* Rc) (1)
Ey=m- (Mcf - 1) “(He + Hpw) 2
Em =Em + Ey 3
Emfr = 2itq Z,Z-il Hpyjmpgi - Mcpgyj 4)
Mppij = ii:ly_ﬁll_;m{ (5)
Emgp = Sfer Hpy Cf;m) TR = (6)
Emf = EmfR + EmfP (7)
E; 227=1Htj'm'Dj (8)
E,=H, -m-C, DL Dy, 9)
Ed = HC m (10)
E=En+En+E+E,+E, (11)
CE,=m-My - (CE,-(1—R.) + CE. R.)+m- (M. — 1) - (CF. + CF,,) (12)
Chny = S0t X)L Chaiy - mp TR ™ o+ EYoa Hpy - Cf () T = (13)
CF, =¥, CF;-m-D; (14)
CE, = CF,-m-C,-DL"Dyqy (15)
CF = CFy, + CFyy + CF, + CF, + CF, (17)




