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Project Summary

Timeline:

Start date: October 2012

Planned end date: September 2017
Key Milestones:

* Initiation of cool roof test apparatus experiments in
4 climates with the first set of materials —
September 2015

* IBPSA BS2015 paper on Laser Cut Panels —
September 2015

*  ORNL-CEPT inter laboratory PCM test comparisons
—June 2016

Budget:

Total Project $ to Date:
* DOE: $480k
* Cost Share: NA

Total Project $:
* DOE: S675K
* Cost Share: NA

Key Partners:

International Institute of Information
Technology, Hyderabad

Centre for Environmental Planning and
Technology University (CEPT), Ahmedabad

Saint-Gobain Research India

Saint-Gobain/CertainTeed (USA)

Pluss Polymers

Project Outcome:

Enable rapid solar shading evaluation for fins,
overhangs and awnings for designers.
Evaluate the use of phase-change materials in
mixed-mode buildings. Create infrastructure
for cool-roofs and phase change materials in
India that allows US manufacturers to sell
their products in India.
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Project Scope: Envelopes

e Heat transfer through the building envelope
— Walls — phase change materials (PCM)
— Roofs — cool roof materials
— Windows — light redirection and solar reduction
— Foundation — not addressed in this project
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Project Team

e US
— Lawrence Berkeley National Laboratory
* Ronnen Levinson, Charlie Curcija, Robin Mitchell, Christian Kohler
— Oak Ridge National Laboratory
e Andre Desjarlais, Kaushik Biswas
— DOE
» Karma Sawyer, Chioke Harris, Brent Nelson
* India
— CEPT Ahmedabad
e Rajan Rawal, Yash Shukla, Agam Shah
— IIT-H Hyderabad
* Vishal Garg, Hema Rallapalli, Sraavani G
— Saint Gobain Research India
* Rathish
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Purpose and Objectives

Problem Statement:

* Mixed mode or unconditioned buildings are often not comfortable. Potential
for phase change materials.

* Lack of cool roof standards and infrastructure in India.

e Evaluating the effect of non co-planar shading solutions (overhangs, awnings,
fins) for windows is difficult.

Target Market and Audience: Code officials, architects, developers, and building
owners that influence commercial and government building product selection in
India. 2030 technical potential savings in India are 2.2 TWh/y site energy, 2.6 Mt/y
CO, for cool roofs alone. US Manufacturers of cool roof and phase change
materials and window shading.

Impact of Project: Create Indian cool roof and phase change walls infrastructure
based on field experiments, simulation and rating assistance. Facilitate proper
selection of solar shading solutions for windows and increase daylight use in
Indian buildings. Support to DOE’s attachment ratings effort in the US. Allow US
manufacturers to seamlessly sell their US rated products in India.
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Approach

Approach: Cool roofs: Assess energy savings in Indian climates via
simulation (Indian cool roof calculator), real-building experiment and test
chamber in 4 climates. Natural exposure trials in 4 climates in India. PCM:
Develop measurement infrastructure in India, perform field experiment.
Windows: Assist with construction of measurement devices, collaborate
on shading algorithm development

Key Issues: Natural exposure trials takes 3 years, so completion of natural
exposure and adaption of lab aging practice may follow end of CBERD.

Distinctive Characteristics: Field tests and software code development in
India are much cheaper than in the US, leveraging Indian investment for US
market benefits. Identical cool roof test chambers in four Indian climates
permit controlled measurement of energy savings.

U.S. DEPARTMENT OF Energy Efficiency &
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Efficiency in the Indian context

Per-capita energy consumption in India and selected regions
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toe per capita
Note: toe = tonnes of oil equivalent. Source: 2015 IEA India Energy Outlook

* With strong economic growth, urbanization and increased
standard of living the per-capita energy consumption will
grow rapidly

* Amory Lovins:

Efficiency is the attitude: 'Do the same or more with less.’
U.S. DEPARTMENT OF Energy EﬁlClency &

EN ERGY Renewable Energy



Indian climates

Cooling Degree Days

- 1,000 2,000 3,000 4000 _ 5000 6000 7,000
Significant cooling load issues
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Experiment sites

Cool-roof test chamber sites Natural exposure sites (planned)

;ﬁ |

'3
B

/

U.S. DEPARTMENT OF Energy Efficiency &

9 EN ERGY Renewable Energy




10

Cool roof test chambers in Bangalore showed

15% AC energy savings in July 2015

gray roof (albedo 0"30)

white roof (albedo 0.58)
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Indian cool roof calculator can estimate energy savings in
conditioned space or comfort improvement in unconditioned space

simple input output

/ [ Cool Roof Calculator x4y ,
€ - C [ coolroof.cbsiiit.ac.in/calculator_detailed.php?simple=true @ ¢ %Y 0 za206 8 =

t.ac.in/result php?userid=5bf6b5d9-d4dc-4«Q, i YOO za3206 0=

Home | Register | Login | Calculator | Glossary| Material Database | Documentation | Contact Us Home | Register | Login | Calculator | Glossary| Material Database | Documentation | Contact Us

Simple = Detailed  Parametric Calculate your savings
News
simulation,  radiant  barrier . News
Simple Inputs
and simulation caching.
December, 2012 August 20, 2014 The annual savings achieved due to cool roof (Reflectivity 0.73, Emmissivity 0.90) as
Cool
Savings in cooling 506374 38.95| Rs 2038244

being upgraded to Venice Cenference EWh  which results in an annual savings of Rs. 28,681
December 25, 2013

The Cool Roof Calculator has
been updated for parametric
simulation, radiant  barrier

imul hing.
and simulatisn caching Total savings | Savings per wat area | Saving in cost

(Whiyear) | (5Whi? per anmm) | (INR year)

been accepted for IC2UHI
Note: All values are in Sl units
EnergyPlus 7.1

April, 2012

Location: New Delhi v
External Links

Building type: Office v @ External Links

1
The Cool Roof Cakulator i | R lstor Papar h ity 0.34 ;
e oo UL Enter the details and then click 'Simulate’ loof Calculator Paper hae compared to normal roof (Reflectivity 0.34, Emissivity 0.90) specified by vou is 4,780
Savings in heating! 57956 445 Rs. 347026

DOE Cool Roof Calculator Roof Area: | 130 2

Roof Savings Calculator 0E Cool Roof Calculator Overall savings? | 4780.12 36,77 Rs 2865072

D
& S Roof Savings Calculator Note:
Heat Island Group (min: 130m?, max: 20,000n?) Heat Island Group i
: % : . Cool i Negative value means loss.
Cool Colours Project Note: For residential buildings, input the total roof area over all the occupied Cool IPlease refer to the table below for averall savings.
Cool

Cool Roof Rating Council spaces. For other building types, input total roof area over conditioned spaces
Cool Roof Material Database
Roof Type: Uninsulated Concrete Roof v

Electricity [KWh]
EndUseCategory % Saving
Normal roof’ Cool roof

Heating 1290.01 1669.87] 455

Cooling 1634528 e e

Interior Lightig 3310.55 3310.55 0.00
Tntericr Equpmsent S4L11 SHL11 0.00
Fas 1230.36 e

Radiant Barrier:

Roof external finish:@

Normal roof: Light Gravel (SR=0.34, IE=0.9, SRI=37)

Cool roof: White cement tile (SR=0.73, IE=0.9, SRI=

Puunps 0.00 0.00 o
Heat Rejection 0.00 0.00 o
Total 2622031 e

To view the properties of various available coolroof materials in the market, please click here

HVAC Details: Window/Split air conditioner, Heating sour *

Electricity Rate: | 6 UkWh

Email me the results Monthly Cooling Electricity consumption (KWh)

® Show me the results now

W - M“

The first version was supp by Cli F second version was supported by USDOE and e
current upgradation (V3) is supported by Center for Building Energy Research and Development (CBERD) Jan  Feb  Mar  Apr  May ul Sep  Od  Nov  Det
project, funded by the Indian Ministry of Science & Technology, and U.S. Department of Energy and " n - -
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Progress and Accomplishments

Accomplishments: Built and calibrated cool roof test chambers at four sites; cool
roof experiments underway for past 4 — 8 months. Indian cool roof energy savings
/ indoor comfort calculator online at

http://coolroof.cbs.iiit.ac.in/calculator detailed.php .

Market Impact: (too early for market impact)

Lessons Learned: Logistics of real-building cool roof experiments proved
especially challenging in India, so we built controllable test chambers to simulate
core of office buildings.

Natural exposure testing

U.S. DEPARTMENT OF Energy Efﬁciency &
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http://coolroof.cbs.iiit.ac.in/calculator_detailed.php

Phase Change Accomplishments

* Facilities now in place in India to monitor PCM performance.
Comparison of results with US is ongoing.

* Field experiment is in progress

Measurement of performance of ceiling tiles made of Laboratory measurement of phase change
new phase change materials in test bed, in naturally materials.
ventilated and forced ventilation modes.

13 EN ERGY Renewable Energy
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Accomplishment: SHGC for non co-planar shading

Unshaded Transmitted Solar Radiation

e (Calculate the SHGC of a window
with and without a shade.

| R O S N o 1 i

* Allow comparison of solar control o0 e 000
low-e coatings and architectural Shaded Transmitted Solar Radiation
features like fins, overhangs and

awnings.

* Parametric calculations for >15 T e

Day of year

Shading types, 4 Orientations’ 4 Difference in Transmitted Solar Radiation
cities and 3 glazing types

15

r of the day

10

* Based on EnergyPlus and Berkeley ¢

0

La b WI N DOW 0 50 100 150 Day of y:g:] 250 300 350
. ] . East facing window, fins and overhangs
* Will be incorporated into COMFEN

ENERGY Renewable Energy
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Accomplishments: Windows and Daylighting

COMFEN India release:

DOE funding, adopted to Indian building types,
schedules and HVAC systems by Indian team.

'. '::; .J & .'i‘ '4')' A:Zl v-.'.‘.'
f" e HH
O T B

— Allows wider proliferation of DOE supported Sz —
software tools, and potential future software code Mt T Wl

by Enanpy ket €1 st Pt Atea

contributions. I-hiiiiiii-.” :

— https://windows.lbl.gov/projects/CBERD/

Regional Data Aggregator Framework released. This
effort de-centralizes the collection, review and
maintenance of glazing spectral data. Previously DOE
funded at LBNL. The plan is that each region processes
its own spectral data, and submits it to one international
harmonized glazing database.

Design assistance for a outdoor goniophotometer to
properly characterize the solar and optical properties of
Tubular Daylighting Devices. S——

ENERGY

Energy Efficiency &
Renewable Energy



Project Integration and Collaboration

Project Integration: Monthly conference calls between US and Indian
teams

Partners, Subcontractors, and Collaborators: ORNL, IlIT-H, CEPT, SGRI,
CertainTeed, Pluss Polymers.

Communications:

Papers presented at Urban Heat Island Countermeasures conference in Venice (Oct 2014)
and Singapore (May 2016),

and at ACEEE Summer Study (Aug 2016).

Journal paper published in Journal of Building Engineering (2015), and in Energy and
Buildings (2016)

Mulchandani, H., Shah, A., Rawal, R., Curcija, D.C. (2015) Daylight performance evaluation
of laser cut panels in office buildings in India Context. IBPSA Building Simulation
conference paper

U.S. DEPARTMENT OF Energy Efﬁciency &
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Next Steps and Future Plans

Next Steps and Future Plans:

« Develop lab aging practice for cool roofs in an Indian climate.

« Create web based calculator based on non co-planar shading
algorithms

« Update cost data in COMFEN India

« Analyze results from phase change material field trial

U.S. DEPARTMENT OF Energy Efﬁciency &

EN ERGY Renewable Energy
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Project Budget

Project Budget: S135K per year for FY13-17

Variances: NA
Cost to Date: Total funding received to date $480K, total cost to date= S390K

Additional Funding: NA

Budget History

Oct 2012—-FY 2015 FY 2016 FY 2017 — Sept 2017
(past) (current) (planned)
DOE Cost-share DOE Cost-share DOE Cost-share
S405K NA S135K* NA S135K* NA
* Total expected funding Y —— Energy Efficiency &

EN ERGY Renewable Energy
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Project Plan and Schedule

|Project start: 10/1/12

Completed Work

Active Task (in progress work)

Projected End: §/30/17

Milestone/Deliverable (Originally Planned)

| Milestone/Deliverable (Actual)

FY2013
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Task 5: Building Envelopes

5.1 - Advanced Building Materials
5.2 - Cool Roofs

5.3 - Windows and Daylighting

a1l (Oct-Dec)

a2 (lan-Mar)
03 (Apr-Jun)
Q4 (Jul-Sep)
a1 (Oct-Dec)

Q2 (lan-Mar)

a3 (Apr-lun)

Q4 (Jul-Sep)

a1l (Oct-Dec)

a2 (lan-Mar)

Q3 (Apr-Jun)

FY2016 Q1 Milestone:
5.3 - Construction of Universal Goniometer — Part 1 {CEPT)

FY2016 Q1 Milestone:
5.2 - Installation of products for weathering and aging
experiment {IIIT-H, CEPT)

FY2016 Q1 Milestone:
5.2 - Energy simulation study for assessing the effect of cool
roofs on energy use and thermal comfort {I1IT-H)

FY2016 Q1 Milestone:
5.3 - Regional Data Aggregator - Phase 1

a4 (Jul-Sep)

FY2016 Q2 Milestone:
5.3 - Construction of Universal Goniometer — Part 2 {CEPT)

FY2016 Q2 Milestone:
5.3 - Regional Data Aggregator - Phase 2

FY2016 Q2 Milestone:
5.3 - Modified SHGC module for COMFEN

FY2016 Q4 Milestone:
5.1 - Field tests for PCMs in one climate zone.

FY2016 Q3 Milestone:
5.1 - ORNL-CEPT inter laboratory PCM test comparisons

FY2016 Q3 Milestone:

5.2 - Reporting the results of field experiments

- In real buildings (IIITH)

- In controlled experiment with first set of materials (SGRI)

FY2016 Q3 Milestone:
5.2 - Initiation of experiments with the second set of materials

for the cool roof test apparatus

a1 (Oet-Dec)

a2 (lan-Mar)

Q3 (Apr-Jun)

Q4 (Jul-Sep)

a1 (Oct-Dec)

Q2 (Jan-Mar)

a3 (Apr-lun)

Q4 (Jul-Sep)

FY2016 Q4 Milestone:
5.3 - Framework for daylight devices such as TDD, LCP test

protocol

FY 2017

FY2017 Q2 Milestone:
5.3 - Regional Data Aggregator - Phase 3

FY2017 Q2 Milestone:
5.2 - Analysis of preliminary data from the weathering and
aging studies (LBML, IIT-H, CEPT)

FY2017 Q2 Milestone:
5.3 - Testing of daylight devices such as TDD, LCP for
development of test protocel —Part 1
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