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4.1 Baseline Embodied and Operational Performance 
(College Station, 2A) 

–C4 is 1,543,828 kg CO₂

D adds an additional 95,566 kg CO₂
boundary processes, yielding 1,639,394 kg CO₂

–
Table 2. 

–  

Indicato
r

A1-
A3 A4 B2-

B5
C2-
C4 D

Total 
Impac
ts 
Acros
s All 
Stages

Global 
Warmin
g (kg 
CO₂eq)

672,0
83

36,1
70

377,9
51

457,6
24

95,5
66

1,639,
394

Acidific
ation 
(kg 
SO₂eq)

3,552 167.
6 1,479 1,566 -

15.6 6,749

Eutrophi
cation 
(kg 
Neq)

853.7 13.6
5 299.6 297.8 -

1.04 1,464

Smog 
Formati
on (kg 
O₃eq)

75,26
3

5,53
8

16,98
4

13,98
1

1,00
7

111,7
73

Ozone 
Depletio
n (kg 
CFC-
11eq)

0.008
384

1.24
E-
09

0.012
91

2.32E
-08

-
7.94
E-
04

0.020
5

Primary 
Energy 
(MJ)

1.56E
+07

525,
988

7,359
,285

2,101
,673

-
869,
106

18,11
7,840

Non-
renewab
le 
Energy 
(MJ)

1.26E
+07

513,
402

6,549
,012

1,966
,013

-
255,
760

18,33
2,667

Renewa
ble 
Energy 
(MJ)

2,999
,972

12,7
19

811,5
34

137,7
92

-
621,
534

3,340,
483

Figure 1
 

Figure 2.  

4.2 Climate Sensitivity: BASE_2A vs BASE_5A 

5A climate (754,000 → 381,190 kWh). Heating demand 
increases dramatically (45,400 → 328,586 kWh), 

Table 3.  

End Use BASE_2A 
(kWh)

BASE_5A 
(kWh) % Change

Cooling 754000 381190 –49%
Heating 45400 328586 624%
Total Site 
Energy 1040000 949000 –9%

4.3 Window-to-Wall Ratio (WWR) Variations (10%, 
30%, 60%) 

Figure 3. 
 

4.4 Insulation Variations (INSUL_1 vs INSUL_2) 

(+0.48%), from 1,543,828 to 1,551,263 kg CO₂

Table 4.  

Scenario Cooling 
(kWh)

Heating 
(kWh)

Total Site 
Energy 
(kWh)

INSUL_1_2A 754000 45400 1,040,400
INSUL_2_2A 663960 40890 942,000
INSUL_1_5A 381190 328586 949,000
INSUL_2_5A 362178 246611 862,000

4.5 Glazing Variations (GLAZ_1 vs GLAZ_2) 

Table 5.  

Scenario Cooling 
(kWh)

Heating 
(kWh)

Total Site 
Energy 
(kWh)

GLAZ_1_2A 754000 45400 1,040,000
GLAZ_2_2A 651000 43800 977,000
GLAZ_1_5A 381190 328586 949,000
GLAZ_2_5A 313000 310000 875,000
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4.6 Cross-Scenario Comparison and Summary 

• 

• 

• 

• 

• 

Figure 4. T

4.7 Sensitivity to Internal Load Assumptions 

(−10%) to 1,063,900 kWh (+10%), representing 

5 Discussion

5.1 Embodied vs Operational Dominance 

5.2 Potential Tipping Points in Envelope Design

5.3 When Insulation Becomes Less Justified in Cooling 
Climates 

5.4 Integrated Interpretation 

6 Conclusions

of the study’s conclusions.
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