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Large roof PV integration Tropical Common Sense 1 – let PV shade the property, not the other way around Economics – unsubsidised PV is viable in Singapore TCS 2 – reduce maintenance and installation costs Conclusions
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Tandem a-Si/µ-Si and a-Si rigid thin film – 8.58kWp Singapore’s first Zero Energy Building, and first GM Gold for landed property
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Benefits of PV modules above metal roof T-module



Solar modules on 75% of the roof generate approx 1’000kWh/month, and keep attic cooler by shading the roof



T-Exposed roof West



East



T-PV roof (below modules)



Temperature sensors installed to verify the benefit of modules shading the roof



T-Ambient



[email protected]



4



Surface temperaure [deg C]



Much lower roof temperature beneath modules reduces aircon demand 70 65



Module



60 55



Exposed roof 50



PV roof 45 40 35



Ambient temp



30 25



Data: ZEH 17 Oct 2009 (very sunny day)
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Neighbours might not cooperate with your PV plans B But what if your neighbour grows? A good roofscape for PV



How about this sandwich?



• PV installations should last 20+ years • But will the assumptions used to calculate energy yield hold for that long?
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Even partial shading has a dramatic effect Examples of partial shading on a 36-cell crystalline silicon module



PV module output drops to zero!



PV module output drops by half



This happens because of the protective bypass diodes  [email protected]
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Bypass diodes divert current past shaded strings Power When a single cell is shaded, its entire string (2 columns) gets bypassed. 67% shade 33%



This reduces the module voltage (and hence power) by one third. (without any bypass diodes, a shaded cell on a module exposed to strong sun would get very hot)
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Where to locate the PV modules? Many options for installing PV & BIPV, but not all make sense in Sgp The roof is best location, but must avoid shading from: • Neighbouring taller buildings (consider future zoning plansA) • Tall trees (remember they will grow tallerA) • Fixtures like air-con condensers, lift engine rooms



Options Optionssuitable suitablefor forSingapore Singapore



On a sloped roof



In a sloped roof



On a flat roof



In a flat roof



Glazed roof



Canopy



Options Optionsunsuitable unsuitablefor forSingapore Singapore



In front of façade



Cold/warm façade



Sun shade



Steep sloped roof [email protected]
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Near the Equator, the sun shines overhead! • Equatorial sunshine strikes the roof more intensely than the walls • Obstructions cast only short shadows on the roof, but long shadows down the walls (that’s why even small window shades are effective!) Rooftop array



1’00 0W /m²



1’00 0W /m²



900W/m²



420W/m²



BIPV facade [email protected]
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Normalised power yield [W/Wp]



Rooftop array 3-6 times more effective than the façade 1.0



Power output from roof and façade (normalised)



0.9



Rooftop array 0.8 0.7 0.6 0.5 0.4 0.3



BIPV façade 0.2 0.1
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Data: Rooftop (TG T2-3) and façade array outputs on 29/08/09 [email protected]
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Skylights are a better application for tropical BIPV Generate electricity and cut glare without casting harsh shadows
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Singapore’s largest BIPV canopy Semi-transparent c-Si canopy covers CleanTech One’s atrium
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Large roof PV integration Tropical Common Sense 1 – let PV shade the property, not the other way around Economics – unsubsidised PV is viable in Singapore TCS 2 – reduce maintenance and installation costs Conclusions
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Installed system prices already at grid-parity in Sgp Combined effects of scale, cheaper modules, AND lower installation costs



Fully installed system price [S$/Wp]



Rapid decline in simple payback period (years)
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6.2-year payback = 13.9% project IRR (unlevered, incl Opex)



0 Jan-07 Jan-08 Jan-09 Jan-10 Jan-11 Jan-12 Jan-13 Jan-14 Jan-15 Source: Phoenix Solar commercial projects and GeBiz tenders. Prices at time of final offer (not at installation) Bubble size in proportion to project size (kWp) [email protected] Payback period at 2014/Q1 retail tariff (SGD0.2573/kWh)
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Rapid price decline to 2012, more stable since then EUR/Wp



Chinese module prices ex-bonded warehouse, Europe 1.80 1.60 1.40



Module prices have levelled off since early 2013



1.20



Bankable Max Bankable Min Non-bankable Max



1.00 Non-bankable Min 0.80 0.60 0.40 0.20 04/08/10



20/02/11



08/09/11



26/03/12



12/10/12



30/04/13



16/11/13



04/06/14



21/12/14



SOURCE: www.europe-solar.de average reference wholesaler price in Europe (Germany) for standard PV modules from Chinese manufacturers Bankable manufacturers = STP, Yingli, JA Solar, CSI, ET Solar, Renesola, etc [email protected] Std PV modules are poly-Si. In 2011 = 230Wp, in 2012 = 235/240Wp, in 2013 = 245/250Wp, in 2014 = 250/255Wp
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USD millions



All major PV manufacturers lost money in 2012 4'000



Selected PV manufacturer key figures 2012



3'500 3'000 2'500 2'000 1'500 1'000 500 0 -500
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SPWR Revenue



Yingli Gross profit



Trina



Canadian



Operating profit



Renesola



Jinko



Hanwha SolarOne



Net profit



Data: Annual reports (US GAAP) [email protected]
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Large roof PV integration Limited further module price decline can only yield incremental system price reductions ► We must find other ways to reduce costs! Tropical Common Sense 1 – let PV shade the property, not the other way around Economics – unsubsidised PV is viable in Singapore TCS 2 – reduce maintenance and installation costs Conclusions [email protected]
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Rainfall cleans module well if its tilt is steep enough



Arrays installed around 1998 at Singapore Polytechnic.



Only slight dirt build up at module edges



• Slope 15° • Never washed except by rainfall [email protected]
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If tilt angle is too shallow, then dirt accumulates Arrays installed around 1996 at Singapore Polytechnic. Slope 3° Never washed except by rainfall
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Reduce costs with PV-compatible metal roof design Include 10º slope for the roof, to save cost of additional structures



Raised module structures to enable 10º module slope



Modules at 10º slope, yet parallel to roof
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Reduce costs with PV-compatible trellis design Avoid cost of additional structures: use two column heights for 10º slope



Need additional steelwork to achieve necessary slope



Taller and shorter columns create necessary slope (no change in total steel quantity) [email protected]
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At CleanTech One, all trellis structures have 10º slopes
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Reduce costs with PV-compatible metal roof design Specify clampable roof seams to reduce cost of anchoring PV rails Need adhesive to attach support rail More material, more labour, more time, more cost Roof seam with clampable profile



Seam clamps cannot grip trapezoid roof profiles



Cost-effective seam clamp does not penetrate roof [email protected]
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Lonza Biologics added 181kWp on its curved metal roof



Solar Pioneer Award winner and Green Mark Gold Photo by Lonza Biologics Pte Ltd [email protected]
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Module arrays follow roof curvature with no roof penetrations
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Reduce costs with PV-compatible RC roof design Save ballast costs: plan for anchor points before waterproofing the roof



Expensive (and heavy) RC ballast ~60kg RC per m² of modules



Cost-effective anchor points
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Singapore’s National Stadium with 707kWp on RC roof



Photo by Phoenix Solar
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Large roof PV integration Tropical Common Sense 1 – let PV shade the property, not the other way around TCS 2 – reduce maintenance and installation costs Conclusions
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Reduce costs with PV-compatible building design Metal roof • 10º slope is better than 2-3º slope – Cheaper to install modules flush with roof, but need 10º slope for self-cleaning in rain



• Kalzip or KlipLok/Speed Deck seams allow lowest cost nonpenetrating clamps. – Folded seams are second-best solution. – Avoid trapezoidal or corrugated profile with no clampable seams



Trellis • Adjust column heights to create 10º slopes – Saves additional structures on top of flat trellis



RC roof • Install anchor points before applying waterproofing layer – Saves costly ballast later on
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Roof design has a growing impact on PV costs



PV-to-roof interface



Percentage saving in 2010



Percentage saving in 2014



Use a clampable seam metal roof instead of trapezoid profile



1%



2-3%



Design trellis with 10º tilt instead of flat



1-2%



3-4%



Use anchor bolts instead of RC ballast



5%



10-15%
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Photovoltaics – powering the future, today.
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