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Country-specific Energy module for the Philippines
According to the ecoinvent LCI datasets for electricity, the impact associated with 1 kWh varies substantially with energy sources used for its production and the respective electricity mix (Mosteiro-Romero et al. 2014). Because the construction sector is energy-intensive, its energy mix had a strong influence on the results of our study. Thus, a Philippine energy module was developed to reflect local conditions. The data for the 2013 electricity mix, stated in in Table 1, are from the Department of Energy (DoE) Philippines (Department of Energy Philippines 2014). Within the past years changes in the mix, owing to an increase in prices for coal and oil and effects of the world economic crisis, were noticed. Nevertheless, comparing the 2008 and 2013 mix for the Philippines with industrial countries of Europe, the United States, or China, it remained of average impact, as visualized in Figure 2. Besides the national electricity mix, industrial and residential energy mixes were implemented, based on raw data of Calip (2013). The industrial mix was only used for specific industrial processes in which a special industrial energy supply could be confirmed, such as hot pressing of coconut husk panels. In case of uncertainty, the national electricity mix was used. The national residential mix was assumed for energy use during occupation of the houses. Because the Philippines produces electricity from geothermal power plants, a module was generated based on a German case study analysed by Frick et al. (2010).
Table S1 Energy Mix in the Philippines 2008 and Base Year 2013 (Department of Energy Philippines 2014)
	Energy Source
	Share in [%] 2008
	Share in [%] 2013

	Coal
	26
	32

	Oil Based
	8
	17.8

	Natural Gas
	32
	19.1

	Geothermal
	18
	9.9

	Hydro
	16
	20.5

	Wind
	0.1
	0.2

	Solar
	0.0
	0.0

	Biomass
	0.3
	0.3


 

Figure S1 Environmental Impacts of the Philippine Electricity Mix 2008 | 20013 compared to EcoInvent LCIs for Europe, China, US, UCTE and RER, GWP (100a)




Country-specific Transport module for the Philippines
Transportation in the Philippines is dominated by ship transport within the archipelago and to international ports, and road transportation via small, medium and large vehicles. For the calculations, ecoinvent LCIs for lorry fleet transport and transoceanic freight were used as shown in Table 2. There is hardly any freight transportation via railways (Department of Transport Philippines 2014). For selected substances, such as reinforcement steel and chemicals, the majority is imported from neighbouring countries. Product origin has a direct effect on the ecological impact associated with the substances. Transoceanic transport distances considered from major port cities to Manila as the trading center were Shanghai for China (1847 km), Busan for South Korea (2423 km), Kuala Lumpur for Malaysia (2466 km), and Yokohama for Japan (2971 km) assessed by Geobytes (2013). For the most relevant inflow, steel, an individual module was developed with data stated in the supporting documents.

Table S2 Import Ratio of Construction Steel to the Philippines 2013 (Department of Trade and Industry Philippines 2013)
	COUNTRY
	IMPORT RATIO

	China, People's Rep. Of
	64.50%

	Korea, Rep. Of (South)
	15.92%

	Malaysia (Federation of Malaya)
	4.58%

	Japan (excludes Okinawa)
	2.57%

	United States of America
	1.29%

	Taiwan 
	1.26%

	Germany
	1.17%

	Singapore
	1.02%

	Others
	7.70%









Figure S2 Transport Modules applied in Philippine LCA, GWP (100a)




Midpoint and Endpoint Categories of the multi-impact indicator Impact2002+ 
LCI results leading to 17 midpoint categories and four damage categories:
[image: ]
Figure S3 General overview IMPACT 2002+ as per Jolliet et al. (2013)


Inventory Data per Building Technology, Phases A1-A5
Table S3 Aggregated life cycle inventory social house made of concrete
	Products
	
	

	Construction Informal Concrete House, 25 years lifespan
	1
	p

	Materials/fuels
	
	

	Concrete block, manual production, at plant/DE U PH
	10115
	kg

	Reinforcing steel, at plant/RER U PH
	784.7
	kg

	Galvanized steel sheet, at plant/RNA PH
	384
	kg

	Portland cement, strength class Z 42.5, at plant/CH U PH
	5640
	kg

	Paint primer 
	7.6
	kg

	Steel, low-alloyed, at plant/RER U PH
	1085
	kg

	Plywood, outdoor use, at plant/RER U
	0.5
	m3

	Gravel
	6475
	kg

	Sand, at mine/CH U PH
	21652
	kg

	Tap water, at user/RER U
	4364.7
	kg

	Transport, lorry 3.5-16t, fleet average/RER U PH
	923.7
	tkm

	Electricity/heat
	
	

	Electricity, national mix PH U 2013
	177.5
	kWh






Table S4 Inventory for Portland cement and steel, low-alloyed inflows to concrete house
	Inventory Inflows for Portland cement, strength class Z 42.5, at plant/CH U PH
	5640
	kg

	RCC Frame
	1820
	kg

	CHB stacking
	790
	kg

	Vertical Cavity Filling
	1530
	kg

	Plaster Finishing (Interior / Exterior)
	900
	kg

	Inefficiencies and Wastage
	10-14
	%

	Inventory Inflows for Steel, low-alloyed, at plant/RER U PH
	1085
	kg

	G.I. Tie Wire No. 16
	2
	Kg

	C-Purlins 50mmx150mmx6m, norm profile 
	16
	Pcs

	C-Purlins 50mmx75mmx6m, norm profile
	16
	Pcs

	Welding Rod, Wipweld 6013
	5
	Kg

	Tek Screw length 1 ½ “
	500
	Pcs

	Blind Rivets 5/32
	40
	Pcs

	Ridge Roll Ga.26 x 8ft
	7
	Sheets



Table S5 Inventory cement-bamboo-frame house
	Products
	Type 1
	Type 2
	Type 3
	

	Construction Bamboo Based House Types, 25 years lifespan
	1
	1
	1
	p

	Materials/fuels
	
	
	
	

	Steel, low-alloyed, at plant/RER U PH
	      61 
	57
	61 
	kg

	Galvanized steel sheet, at plant/RNA PH
	440.7
	440.7
	440.7
	kg

	Sawn timber, hardwood, planed, kiln dried, u=10%, at plant/RER U
	0.729
	0.729
	0.729
	m3

	Bamboo Cut, treated with deltametrine, at facility
	1178
	618
	618
	kg

	Bamboo Mat Board, at plant
	0
	375.1
	0
	kg

	Bamboo waste, for mat weaving and split production, at community
	0
	371
	371
	kg

	Portland cement, strength class Z 42.5, at plant/CH U PH
	474
	147
	801
	kg

	Sand, at mine/CH U PH
	2983
	1038
	5148
	kg

	Tap water, at user/RER U
	300
	104
	518
	kg

	Industrial machine, heavy, unspecified, at plant/RER/I U PH
	0
	0.0125
	0
	kg

	Expanded rib lath metal mesh
	0
	0
	55
	pcs

	Transport, lorry 3.5-16t, fleet average/RER U PH, plant to site
	71.8
	108.8
	33.8
	tkm

	Transport, transoceanic freight ship/OCE U PH for rib lath mesh
	0
	0
	166.4
	tkm

	Electricity/heat
	
	
	
	

	Electricity, national mix PH U 2013
	2.505
	2.505
	2.505
	kWh






Table S6 Inventory coconut board based house
	Products
	
	

	Construction Coconut Panel Based House, 25 years lifespan
	1
	p

	Materials/fuels
	
	

	Steel, low-alloyed, at plant/RER U PH
	57 
	kg

	Galvanized steel sheet, at plant/RNA PH
	440.7
	kg

	Sawn timber, hardwood, planed, kiln dried, u=10%, at plant/RER U
	0.729
	m3

	Bamboo Cut, treated with deltametrine, at facility
	618
	kg

	Coconut Panel, at plant, U PH
	475.0
	kg

	Portland cement, strength class Z 42.5, at plant/CH U PH
	165
	kg

	Sand, at mine/CH U PH
	1038
	kg

	Tap water, at user/RER U
	104
	kg

	Industrial machine, heavy, unspecified, at plant/RER/I U PH
	0.0125
	kg

	Transport, lorry 3.5-16t, fleet average/RER U PH, plant to site
	114
	tkm

	Electricity/heat
	
	

	Electricity, national mix PH U 2013
	2.505
	kWh



Table S7 Inventory soil-cement block house
	Products
	
	

	Construction Soil-Cement Block House, 25 years lifespan
	1
	p

	Materials / Fuels
	
	

	Soil-cement block, manual production, at plant/DE U PH 20%
	16138.5
	kg

	Reinforcing steel, at plant/RER U PH
	273.7
	kg

	Galvanized steel sheet, at plant/RNA PH
	384
	kg

	Portland cement, strength class Z 42.5, at plant/CH U PH
	420
	kg

	Paint primer 
	7.6
	kg

	Steel, low-alloyed, at plant/RER U PH
	1085
	kg

	Plywood, outdoor use, at plant/RER U
	0.2
	m3

	Sand, at mine/CH U PH
	1280
	kg

	Transport, lorry 3.5-16t, fleet average/RER U PH
	474.2
	tkm

	Electricity/Heat
	
	

	Electricity, national mix PH U 2013
	177.5
	kWh







Sensitivity scenarios for minimum and maximum impact per building technology, Phases A1-A5
In the description of the scenarios, the sensitivity “base” defines the base case applied in the main results of the article. A lower performance and an upper performance case were defined as specified in below Table. All sensitivities were grouped into a scenario of minimum and maximum environmental contribution per building technology.
Table S8 Scenarios for the alternative building technologies, Phases A1-A5
	No
	Sensitivity
	Cement-Bamboo Frame House
	Variables

	1
	Base
	Base Yield
	1000 stem/ha

	1
	Lower
	Lower yield
	800 stem/ha

	1
	Upper
	Higher yield
	1350 stem/ha

	2
	Base
	Natural Stands, none-depleting
	Similar to “at plantation wood”

	2
	Lower
	Efficiency increase in natural stands or creation of plantation
	Additional carbon storage, 
Land-use change

	3
	Base
	Treatment of Base Builds
	Deltametrin

	3
	Lower
	Non-chemical treatment
	Watering

	3
	Alternative
	Conventional treatment
	Borax and boric acid

	4
	Base
	Base transport distance Farm to Processing
	20 km, 50% empty load

	4
	Upper
	>transport distance
	40 km, 50% empty load

	4
	Lower
	<transport distance
	5 km, 50% empty load

	4
	Base
	Base transport distance Processing to Construction
	50 km

	4
	Upper
	>transport distance
	100 km

	4
	Lower
	<transport distance
	30 km

	5
	Base
	Base processing
	Harvesting with power saw

	5
	Lower
	Manual processing
	Harvesting with sharp knife

	5
	Base
	Base processing
	Treatment with air pump

	5
	Lower
	Manual processing
	Treatment manual

	5
	Base
	Base processing
	Trimming with power saw

	5
	Lower
	Manual processing
	Trimming with sharp knife

	6
	Base
	Base Processing
	Normal use of warehouse CAPEX

	6
	Lower
	Lower labour and processing time due to process optimization
	-10% intensive use of warehouse CAPEX

	7
	Base
	Base Wastage
	20% usage of bamboo pole

	7
	Lower
	Lower wastage through better quality raw material and technology improvement
	50% usage of bamboo pole

	8
	Base
	Base Usage Ratio
	Full allocation to house product

	8
	Lower
	Lower wastage through development of more by-products
	50% allocation to house product

	9
	Base
	Base Construction
	Regular energy consumption

	9
	Lower
	Less energy consumption and labour time during construction
	No energy consumption during construction

	10
	Lower
	Base BoM
	Theoretical BoM

	10
	Base
	Base BoM
	Empirically updated

	No
	Sensitivity
	Coconut Panel House 
	Variable

	1
	Base
	Base Land allocation
	Husk = waste product, no pre-chain

	1
	Upper
	Land allocation 20 %
	Coir board= market value, 
20% pre-chain allocation

	2
	Base
	Base Transport Distance
	5 + 14 km, empirical value 

	2
	Upper
	> Transport Distance
	30 + 50 km, assumption

	3
	Base
	Base Energy Demand
	14.5 kWh/board, empirical demand

	3
	Lower
	< Energy Demand
	5.0 kWh/board, theoretical demand

	4
	Base
	Base Energy Source
	Energy from coconut shell

	4
	Upper
	None-renewable source
	Energy from national grid

	No
	Sensitivity
	Interlocking Soil-Cement House
	Variable

	1
	Base
	Base Mix ICEB
	Cement Content 20%

	1
	Lower
	<Cement Content
	Cement Content 10%

	1
	Upper
	>Cement Content
	Cement Content 30%

	2
	Base
	Base processing
	Hand mould

	2
	Upper
	Fully-automated
	Egg-laying Plant, 4.5kW

	3
	Base
	Base reject rate
	15% reject rate

	3
	Lower
	Lower reject rate
	10% reject rate



Comparison of three different bamboo-based building technologies piloted in the Philippines
All three bamboo-based building methods are shear wall systems, but with different methods of lateral stiffening and cladding. 
· Type 1 uses round bamboo as a load-bearing structure and diagonal bamboo as bracing. Connections between bamboos are made from metal and mortar. Flattened bamboo is used as a plaster carrier with a 2.5-cm mortar finish. The bill of material is based on four demonstration houses, built in 2012 and 2013 in the Philippines. 
· Type 2 uses round bamboo as a load-bearing structure. Instead of bamboo bracing and mortar finish, hot-pressed, bamboo-based shear panels are used for cladding and bracing of the load-bearing bamboo frame. The glue type for the panels is natural tannin-hexamine, for which a Philippine module was implemented. One Type 2 house was built in the Philippines in 2012.
· Type 3 uses round bamboo as a load-bearing structure and metal flat bars as bracing. An expanded metal mesh is used as a plaster carrier with 5-cm mortar finish. The technology is also called Cement-Bamboo-Frame system. Connections of bracing and round bamboo are filled with additional mortar. This construction technology is considered for the comparison with other building technologies in the paper. It is the most conservative for the LCA, and is currently used in the Philippines by Base Builds (2015) in more than 150 houses built since 2014 due to its consistent technical performance, ease of installation and high social acceptance. 
The sensitivity analyses mentioned in the paper and described in Table 4 were applied for all three Types. In addition, five specific variations for laminated bamboo panels of Type 2 were implemented being pre-processing of panel raw materials, a change of resin type and amount, a variation in the energy amount for hot pressing and a variation in production capacity of the industrial facility. These scenarios are documented in Table 5. 
Table S9 Scenarios for alternative house types on A1-A5 level
	No
	Sensitivity
	Cement-Bamboo Frame House
	Variables

	1
	Base
	Base processing
	Machine stripe making

	1
	Lower
	Base processing
	Manual sliver making

	2
	Base
	Base Type Resin
	Phenol Resorcinol Resin

	2
	Alternative
	Alternative 1
	Melamine Resin

	2
	Lower
	Alternative 2
	Urea Resin

	2
	Lower
	Alternative 3
	Formaldehyde Free Resin

	3
	Base
	Base Amount Resin
	2.53 kg/board

	3
	Lower
	> Resin
	1.80 kg/board

	3
	Upper
	< Resin
	4.07 kg/board

	4
	Base
	Base Energy Demand
	5.5 kWh/board, empirical value

	4
	Lower
	< Energy Demand
	1.8 kWh/board, theoretical value

	5
	Base
	Base Hot Pressing
	Production Rate 5m3/day

	5
	Lower
	Larger, more efficient facility
	Production Rate 40m3/day



Figure 6 shows that all bamboo-based construction methods had a similar range of environmental impact. A difference of -19%, -21% exists, comparing Type 1 and 2 with the cement-bamboo frame system as base case or Type 3. Considering only the sensitivity of Type 2 bamboo construction using laminated bamboo panels, a change of energy source during hot pressing from no renewables to renewable hydropower, geothermal or biogenic waste had the potential to decrease the panel impact by 22%. A change of glue type for the bamboo mat panels from natural tannin-hexamine to formaldehyde-based phenolic increased the impact by 60% on the material level. For Phases A1–A5 of a Type 2 house, the only one using laminated panels, there was an overall 10% increase. A single-impact indicator sensitive to human health responds more to this adjustment.  Based on the above insights, the base case assumptions are believed to have low uncertainty. However, it guides future improvements effectively: For example, the roofing material galvanized iron contributed 41%–46% to bamboo structures. A change to concrete shingles, would reduce the environmental impact as much as 10%, is however not applied in the Philippines. 





Figure S4 Results of Type 1, 2 and 3 bamboo construction technologies, Phases A1-A5, GWP (100a) according to inflow category (Type 3 relating to Cement-Bamboo Frames or CBF technology used in the paper)



Inventory Data per Building Technology, Phases B, C and D
Table S10 Maintenance, repair and replacement inventory for four building technologies
	Maintenance Intervention to be carried out every 5 years

	Social House made of Concrete 

	Paint for plaster and metallic roof structure (per intervention)
	15
	Kg

	Electricity (per intervention)
	5
	kWh

	Plaster renewal (per intervention)
	634
	Kg

	Cement-Bamboo Frame House
	
	

	Paint for plaster, organic components and metal connections (per intervention)
	5
	Kg

	Sawn Wood (per intervention)
	20
	Kg

	Electricity (per intervention)
	1
	KWh

	Plaster renewal (per intervention)
	634
	Kg

	Bamboo replacement (per intervention)
	56.5
	Kg

	Steel low alloyed for renewal of joints (per intervention)
	10
	Kg

	Coconut Panel based House

	Paint for panels, organic components and metal connections  (per intervention)
	10
	Kg

	Sawn Wood (per intervention)
	20
	kg

	Electricity (per intervention)
	1
	KWh

	Bamboo replacement (per intervention)
	56.5
	Kg

	Steel low alloyed for renewal of joints (per intervention)
	10
	Kg

	Exchange of panel for coconut husk panel (per intervention)
	61.5
	Kg

	Soil-Cement Block House

	Paint for blocks and metallic roof structure (per intervention)
	15
	Kg

	Soil-Cement block replacement (per intervention)
	317
	Kg

	Electricity (per intervention)
	5
	KWh


 
Table S11 End of life scenarios for four building technologies
	WASTE SCENARIO SOCIAL HOUSING MADE OF CONCRETE
	Unit
	%

	Inputs to Technosphere

	Concrete manual recovery and backfilling substitution
	-16458kg
	30

	Iron scrap, manual recovery and export with oceanic freight to CN
	-1358kg
	60

	Transport , transoceanic freight ship/ PH
	2510tkm
	n.A.

	Ouputs to Technosphere

	
	kg
	%

	Concrete manual recovery and to final disposal
	38401
	70

	Concrete no recovery
	0
	0

	Bulk iron, manual recovery and reuse
	452
	20

	Bulk iron, no recovery
	452
	20

	Paint to disposal
	15
	100

	

	
	

	
Table S11 cont. End of life scenarios for four building technologies

	WASTE SCENARIO SOIL-CEMENT BLOCK HOUSE
	Unit
	%

	Inputs to Technosphere

	Iron scrap, manual recovery and export with oceanic freight to CN
	-1046kg
	60

	Transport , transoceanic freight ship/ PH
	1932tkm
	n.A.

	Ouputs to Technosphere

	
	kg
	%

	Soil-cement blocks manual recovery and backfilling (To recycling)
	4855
	30

	Soil-cement blocks manual recovery and to final disposal
	11328
	70

	Soil-cement blocks no recovery
	0
	0

	Bulk iron, manual recovery and reuse (To sorting plant)
	348
	20

	Bulk iron, no recovery
	348
	20

	Mineral plaster to disposal
	2666
	80

	Paint to disposal
	15
	100

	WASTE SCENARIO CEMENT-BAMBOO-FRAME HOUSE
	Unit
	%

	
	Scenario 1
	Scenario 2
	Scenario 1
	Scenario 2

	Inputs to Technosphere

	Organic recovery and reuse (Sawn timber substitution )
	-0.18m3
	-0.74 m3
	10
	40

	Iron scrap, manual recovery and export with oceanic freight to CN
		-	303kg
	60

	Transport , transoceanic freight ship/ PH
	559tkm
	559tkm
	n.A.

	Ouputs to Technosphere

	
	kg
	%

	Organic recovery, backyard incineration (To municipal incineration)
	714
	408
	70
	40

	Organic rotting  (To final disposal)
	204
	204
	20
	20

	Bulk iron, manual recovery and reuse (To sorting plant)
	101
	20

	Bulk iron, no recovery
	101
	20

	Mineral plaster to disposal 
	5084
	80

	Paint to disposal
	15
	100

	WASTE SCENARIO COCONUT BOARD BASED HOUSE
	Unit
	%

	
	Scenario 1
	Scenario 2
	Scenario 1
	Scenario 2

	Inputs to Technosphere

	Organic recovery and reuse (Sawn timber substitution )
	-0.27m3
	-1.08 m3
	10
	40

	Iron scrap, manual recovery and export with oceanic freight to CN
	-303kg
	60

	Transport , transoceanic freight ship/ PH
	559tkm
	559tkm
	n.A.

	Outputs to Technosphere

	
	kg
	%

	Organic recovery, backyard incineration (To municipal incineration)
	1046
	598
	70
	40

	Organic rotting  (To final disposal)
	299
	299
	20
	20

	Bulk iron, manual recovery and reuse (To sorting plant)
	101
	20

	Bulk iron, no recovery
	101
	20

	Mineral plaster to disposal 
	0
	80

	Paint to disposal
	15
	100





Midpoint Category and Single-Score aggregated results of the multi-impact indicator Impact2002+ 
Looking at the midpoint category results of the multi-impact indicator Impact2002+, the trend can be observed that both biogenic building technologies clearly reduce the impact compared to the conventional concrete building technology. The reduction ranges from 60-90%, with ozone layer depletion being the least favourable of 60% and mineral extraction being the most favourable with 90%. The soil-cement block technology ranks in-between 6-43%, with mineral extraction providing the least savings of 6% and ionizing radiation and ozone layer depletion providing the most with 57-58%. As exception to this trend, the midpoint category land occupation has to be highlighted. It is responsible for a less favourable trend for the biogenic building technologies in the endpoint category Ecosystem Quality. Here, the cement-bamboo frame technology defines the highest impact, closely followed by the coconut panel based houses with 98%. The conventional building practice provides a saving of 8%. The least impact is created by the soil-cement block building technology, reducing the impact to 42%. For more information about the relevance and the specifics of land use in the case of the introduced biogenic building technologies it is referred to the Discussion section of the article. Further research on land use impacts in case of large scale industry practice changes is recommended. All midpoint category results for Impact2002+ are shown below. 

Figure S5  Results for four building technologies, Impact2002+ midpoint categories in [%] to reference house, Phases A-B-C (excl. B1, B6, B7) 


Figure S6  Results for four building technologies, Impact2002+ midpoint categories in [%] to reference house, Phase D 

In case the endpoint damage categories are aggregated to one single-score weighted result using a 1:1:1:1 ratio among the four damage categories, the table below shows the relative contribution per endpoint damage category:

Table S12 Endpoint category contribution to single-score 1:1:1:1 weighing of Impact2002+ 
	
	
	Coconut
Panel House 
	Plastered Bamboo House
	Soil- Cement Block House
	Social House RCC/CHB

	Total A-B-C with reference
	%
	20
	24
	67
	100

	Total D with reference
	
	-0.9
	-0.6
	-0.5
	-1.6

	
	
	
	
	
	

	Total 
	%
	100
	100
	100
	100

	Human health
	%
	33
	29
	36
	35

	Ecosystem quality
	%
	11
	8
	5
	5

	Climate change
	%
	31
	38
	35
	36

	Resources
	%
	25
	25
	24
	23


 

It can be noted that with the 1:1:1:1 weighing, the endpoint categories have varying contribution to the single-score result. Human Health and Climate Change are comparable cross the technologies with 29-38% contribution, or approximately one third. Resources contributes consistently one fourth of the impact score, with +/-2%. Ecosystem Quality has lower impact in the 1:1:1:1 weighing with only 5-11%. An overall trend, ranking the biogenic building technologies with the least impact and soil-cement blocks in-between conventional reference and biogenic technologies, can be found across all four endpoint damage categories. In the Ecosystem Quality endpoint category, the reduction remains the least significant, as shown in below figure. This is attributed to the midpoint category ‘land occupation’ as described above. 

Figure S7 Results for four building technologies, Impact2002+ endpoint categories in [%] to reference house, Phases A-B-C (excl. B1, B6, B7) 




Comparison of four building technologies, minimum and maximum scenarios from sensitivity analyses for Phases A1-A5

Based on studies of the supply, production and construction processes, scenarios A1–A5 were formulated and their influences on overall accumulated impact assessed. Twenty sensitivity analyses were performed for the three alternative building technologies at the A1–A5 level. All sensitivities were grouped into scenarios of the minimum and maximum environmental contribution per building technology. Figure 10 presents results of these scenarios compared with the initial base case. The environmental reductions of bamboo houses varied from 73-87%, soil-cement houses from 27-47%, and coir houses from 80-83%. The obtained ranges showed that even in the low performance cases, the alternative technologies remain reducing the environmental impact. 


Figure S8 Results of scenarios for Phases A1-A5 for four building technologies, indicator GWP (100a)


[bookmark: _GoBack]Figure S9 Results of scenarios for Phases B for four building technologies, indicator GWP (100a)


Figure 8 Results of scenarios for Phases C for four building technologies, indicator GWP (100a)

1 tkm transport, comparison, GWP (100a)
kg CO2 eq	Transport, transoceanic freight ship/OCE U PH	Transport, lorry 	>	16t, fleet average/RER U PH	Transport, lorry 3.5-16t, fleet average/RER U PH	Transport, aircraft, freight, intercont./RER U PH	1.07151408013921E-2	0.13758623887989599	0.278329332242987	1.06574077802297	
GWP (100a) [kg CO2 eq./tkm]

Bamboo based technologies Type 1, 2 and 3 
Phases A1-A5 per inflow category
Bamboo	Case 1	Case 2	Case 3	0.19860040902592602	0.1174	0.1174	Timber	Case 1	Case 2	Case 3	6.7998202345136205E-2	6.7998202627798501E-2	6.7998202295715598E-2	Cement	Case 1	Case 2	Case 3	0.39698483644806798	0.13819092310025299	0.68509197400586008	Sand	Case 1	Case 2	Case 3	7.14092330656068E-3	2.4848402253631499E-3	1.2323658533737999E-2	Tap water	Case 1	Case 2	Case 3	9.5218422952545202E-5	3.3009053117198101E-5	1.6441047590463699E-4	Galvanized steel sheet	Case 1	Case 2	Case 3	1.2141606724741101	1.21435352754457	1.2143535274928801	Steel, low-alloyed	Case 1	Case 2	Case 3	0.11516154972628399	0.11516155039593499	0.11516154972848401	Metal Mesh	Case 1	Case 2	Case 3	0	0	0.25781586747290997	Industrial machine	Case 1	Case 2	Case 3	0	2.6049177995030401E-5	0	Transport	Case 1	Case 2	Case 3	1.5640000000000001E-2	3.0280000000000001E-2	1.1900000000000001E-2	Electricity	Case 1	Case 2	Case 3	1.5866757367372E-3	1.5866757337407601E-3	1.5866757298445E-3	Bamboo Panel	Case 1	Case 2	Case 3	0	0.27468789087177797	0	GWP (100a) [t CO2 eq]


1b Coir Construction, A-B-C, 25 a, May 2016	Carcinogens	Non-carcinogens	Respiratory inorganics	Ionizing radiation	Ozone layer depletion	Respiratory organics	Aquatic ecotoxicity	Terrestrial ecotoxicity	Terrestrial acid/nutri	Land occupation	Aquatic acidification	Aquatic eutrophication	Global warming	Non-renewable energy	Mineral extraction	14.586952935831468	39.688643451269506	17.006078528094989	10.932119030117939	34.937989604741745	27.20371469635484	16.052485161249617	19.12743228401682	19.62894273933939	99.291422488868207	24.880024591384473	21.17817909875242	17.644126327972469	21.68729039684262	9.7871877061802284	2b Bamboo House: A-B-C, 25a, May 2016	Carcinogens	Non-carcinogens	Respiratory inorganics	Ionizing radiation	Ozone layer depletion	Respiratory organics	Aquatic ecotoxicity	Terrestrial ecotoxicity	Terrestrial acid/nutri	Land occupation	Aquatic acidification	Aquatic eutrophication	Global warming	Non-renewable energy	Mineral extraction	13.247638687807775	30.868727068283956	19.317240940515894	16.866644011771381	39.46133821432057	29.219983656967376	8.2465563734473317	10.228525672649251	22.447430519151172	100	28.397705273507601	20.841833226107433	25.597012775807816	25.918990572170742	10.370009632557544	3b ICEB Construction, A-B-C, 25 a, May 2016	Carcinogens	Non-carcinogens	Respiratory inorganics	Ionizing radiation	Ozone layer depletion	Respiratory organics	Aquatic ecotoxicity	Terrestrial ecotoxicity	Terrestrial acid/nutri	Land occupation	Aquatic acidification	Aquatic eutrophication	Global warming	Non-renewable energy	Mineral extraction	73.567363298358714	70.039439248610364	67.52735458691302	56.56455016386299	57.677209976660691	63.003509437649349	63.499090993396209	70.261612993777703	63.139571670046294	42.667312855775201	69.252433237790726	75.25720775842052	64.496065158927649	67.585338208911764	93.505359527635164	4b Conventional Construction, A-B-C, 25 a, May 2016	Carcinogens	Non-carcinogens	Respiratory inorganics	Ionizing radiation	Ozone layer depletion	Respiratory organics	Aquatic ecotoxicity	Terrestrial ecotoxicity	Terrestrial acid/nutri	Land occupation	Aquatic acidification	Aquatic eutrophication	Global warming	Non-renewable energy	Mineral extraction	100	100	100	100	100	100	100	100	100	91.278528619312681	100	100	100	100	100	
Midpoint Categories Impact2002+ in [%]


1b Coir Construction, D, 25 a, May 2016	Carcinogens	Non-carcinogens	Respiratory inorganics	Ionizing radiation	Ozone layer depletion	Respiratory organics	Aquatic ecotoxicity	Terrestrial ecotoxicity	Terrestrial acid/nutri	Land occupation	Aquatic acidification	Aquatic eutrophication	Global warming	Non-renewable energy	Mineral extraction	-23.866368919194461	-36.143890940528969	-34.870782174900413	-11.484895322538923	-23.450368863738664	-92.177820461957069	-44.496618663719225	-56.078187030408991	-28.430237949355426	-100	-27.95926373806288	-28.836573481194783	-26.465655087564571	-20.457983969337519	-12.645195253475382	2b Bamboo House: D, 25a, May 2016	Carcinogens	Non-carcinogens	Respiratory inorganics	Ionizing radiation	Ozone layer depletion	Respiratory organics	Aquatic ecotoxicity	Terrestrial ecotoxicity	Terrestrial acid/nutri	Land occupation	Aquatic acidification	Aquatic eutrophication	Global warming	Non-renewable energy	Mineral extraction	-18.855447083860565	-28.097941126883157	-27.016892496132595	-8.6699586474592607	-19.041832113950022	-66.068724178411102	-32.850596982780921	-41.616616233887768	-22.672568539172236	-68.137924296410475	-22.2984672113251	-24.042975764883678	-21.155996890119631	-16.158547860722049	-10.814700888831014	3b ICEB Construction, D, 25 a, May 2016	Carcinogens	Non-carcinogens	Respiratory inorganics	Ionizing radiation	Ozone layer depletion	Respiratory organics	Aquatic ecotoxicity	Terrestrial ecotoxicity	Terrestrial acid/nutri	Land occupation	Aquatic acidification	Aquatic eutrophication	Global warming	Non-renewable energy	Mineral extraction	-28.30772397469638	-37.93471754532677	-35.612649788073078	-9.2661576011710665	-33.373121753456694	-36.417997042532328	-27.914281379102807	-37.507558425573968	-36.003280506008551	-1.3298857184027584	-35.422949777961641	-47.811152557996458	-34.056601545373184	-24.220488306481212	-23.896682420896813	4b Conventional Construction, D, 25 a, May 2016	Carcinogens	Non-carcinogens	Respiratory inorganics	Ionizing radiation	Ozone layer depletion	Respiratory organics	Aquatic ecotoxicity	Terrestrial ecotoxicity	Terrestrial acid/nutri	Land occupation	Aquatic acidification	Aquatic eutrophication	Global warming	Non-renewable energy	Mineral extraction	-100	-100	-100	-100	-100	-100	-100	-100	-100	-2.9371465092409359	-100	-100	-100	-100	-100	
Midpoint Categories Impact2002+, in [%]


Impact2002+ according to Impact Categories
Human health	Coconut Panel House	Cement-Bamboo Frame	Soil-Cement Block House	Social House RCC/CHB	0.23199420000000001	0.2433284	0.83566145999999997	1.2239509	Ecosystem quality	Coconut Panel House	Cement-Bamboo Frame	Soil-Cement Block House	Social House RCC/CHB	7.9992769000000005E-2	6.9530015000000001E-2	0.12098527000000001	0.19019212999999999	Climate change	Coconut Panel House	Cement-Bamboo Frame	Soil-Cement Block House	Social House RCC/CHB	0.22142529	0.32123019000000003	0.80939457000000004	1.2549519	Resources	Coconut Panel House	Cement-Bamboo Frame	Soil-Cement Block House	Social House RCC/CHB	0.17578004	0.20997642999999999	0.55265681	0.81475657999999995	



Scenarios from sensitity analyses for Phases A1-A5 of for four building technologies
Phases A1-A5	Min	Base	Max	Min	Base	Max	Min	Base	Max	Base	Coconut Board Based House	Cement-Bambboo Frames	Soil-Cement Block House	Social House RCC/CHB	2.1749875941474603	2.1799296124484098	2.3944853828368902	1.5674823287178101	3.2024376295625898	3.3933716	6.6434907382274195	8.1104395682052708	9.12645765688384	12.508226290083899	
GWP (100a) [t CO2 eq.]

Scenarios from sensitity analyses for Phases B2-B4 of for four building technologies
Coco	CBF	SCB	CHB	 	Coco	CBF	SCB	CHB	 	Coco	CBF	SCB	CHB	Coco	CBF	SCB	CHB	Service Life 25a, Maintenance every 6a	 	Scenario 1 Service Life 25a, Maintenance every 3a, Conventional Technology 25a, Maintenance every 6a	 	Scenario 2 Alternative Technologies 10a, Maintenance every 3a, Conventional Technology 25a, Maintenance every 6a	 	Scenario 3 Bio-based Technologies 10a, Maintenance every 3a, Block Technologies 40a, Maintenance every 6a	0.46182693333333336	0.66127810666666664	0.63425798666666666	0.9370482	0.80819713999999998	1.1572366999999999	1.1099515	0.9370482	0.57728367000000003	0.82659762999999997	0.79282248	0.9370482	0.57728367000000003	0.82659762999999997	0.63425798	0.93704820000000011	


Electricity, production mix, comparison, GWP (100a)
kg CO2 eq	Electricity, National Mix, PH, 2008	Electricity, national mix PH U, 2013	Electricity, production mix CH/CH U	Electricity, production mix AT/AT U	Electricity, production mix RER/RER U	Electricity, production mix UCTE/UCTE U	Electricity, production mix GB/GB U	Electricity, production mix DE/DE U	Electricity, production mix US/US U	Electricity, production mix CN/CN U	0.15743747977060399	0.17594541315026799	5.4705117289069903E-3	8.6099999999999996E-2	0.135365949062701	0.14333253049553599	0.16590523038588101	0.184217828182621	0.20977150604712599	0.31885808602661803	
GWP (100a) [kg CO2 eq./kWh]
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1. IMPACT 2002+: general concept
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